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The founding theme of Linear Technology Corporation was to create a company capable of leading 
and directing linear circuit technology and design concepts of the future and thus become the linear 
market specialist. 

Significant changes in the role of suppliers in the marketplace have evolved since the Company’s founding in 
1981. Shortened end product life cycles, sharply increased integrated circuit complexity and a large increase 
of new products have combined to present a potentially overwhelming burden on the system designer. 

Suppliers must be thoroughly conversant in end equipment system requirements to participate in their design 
at varying levels. L TC makes expert knowledge available to its customers in the form of system expertise, cost 
effective board level solutions and design engineering consultation. This can help expedite turn around time 
and optimize value, from initial design to production shipments. 

This databook along with our first and second volumes, contains the solutions needed to facilitate your system 
design. We describe the circuit, give specific applications information and explain how to use the part 
effectively and efficiently. 

LTC now offers approximately 5000 pages of product and applications information for approximately 3000 
individual products, presented in a three volume set of databooks. The first volume issued in 1 990, contains 
products which were introduced in the first 8 years of the Company’s history. The second volume issued in 
1992, showcases the products introduced in the next three years and this 1994 databook is the third, which 
presents the latest two years of L TC products. 

The Table of Contents and the alphanumeric Index in this volume provide guides to locate each L TC product 
within the three volume set. Be sure to use one of these guides to find the correct page in the appropriate 
volume. 

LTC offers the latest in high performance wafer processing including bipolar, LTCMOS, micropower, high 
speed, complementary bipolar and BiCMOS technologies. These processes are used in LTC’s two wafer fab 
facilities located in Milpitas, California. These facilities are certified to ISO 9001 by TUV Rheinland and certified 
by DESC for JAN B and JAN S level microcircuits. These certifications are part of LTC’s Quality and Reliability 
program in support of military/aerospace and radiation hardened requirements. 

Linear Technology Corporation appreciates our customers continued support and the opportunity to provide 
the highest quality product, applications expertise and cost effective design assistance. 
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Note: The 1994 Linear Databook is the third volume in our series of databooks to date totaling approximately 5000 pages 
of product and applications information for approximately 3000 individual products, presented in a three volume set of 
databooks. The 1 990 Linear Databook when reprinted will be entitled Volume I; the 1 992 Linear Databook Supplement when 
reprinted will become Volume II. The 1994 Linear Databook Volume III Table of Contents references device types included 
in both the 1990 Volume I and 1992 Volume II databooks. 


LT, LTC, and XT are trademarks of Linear Technology Corporation. 


LIFE SUPPORT POLICY 

LINEAR’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF LINEAR TECHNOLOGY CORPORATION. As used herein: 

a. Life support devices or systems are devices or systems which (1 ) are intended for surgical implant into the body, or (2) support or sustain 
life and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably 
expected to result in a significant injury to the user. 

b. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system or to affect its safety or effectiveness. 

Information furnished herein by Linear Technology Corporation is believed to be accurate and reliable. However, no responsibility is assumed 
for its use. Linear Technology Corporation makes no representation that the interconnection of its circuits, as described herein, will not infringe 
on existing patent rights. 


Linear Technology Corporation • 1 630 McCarthy Blvd. • Milpitas, CA 95035 • (408) 432-1 900 © Linear Technology Corporation 1 992 Printed in USA 
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LF355A, JFET Input Op Amp, Low Supply Current 

LF356, JFET Input Op Amp, High Speed 

LF356A, JFET Input Op Amp, High Speed 

LF398, Precision Sample and Hold Amplifier 

LF398A, Precision Sample and Hold Amplifier 

LF398S8, Precision Sample and Hold Amplifier 

LF412A, Dual Precision JFET Input Op Amp 

LH0070, Precision 10V Reference 

LH2108A, Dual LM108 Op Amp 

LM10, Low Power Op Amp and Reference . 

LM10B, Low Power Op Amp and Reference 

LM10BL, Low Power Op Amp and Reference 

LM10C, Low Power Op Amp and Reference 

LM10CL, Low Power Op Amp and Reference 

LM101A, Uncompensated General Purpose Op Amp 

LM107, Compensated General Purpose Op Amp 

LM108, Super Gain Op Amp 

LM108A, Super Gain Op Amp 

LM1 1 1 , Voltage Comparator 

LM117, Positive Adjustable Regulator 

LM117HV, High Voltage Positive Adjustable Regulator 

LM1 1 8, High Slew Rate Op Amp 

LM119, Dual Comparator 

LM123, 5 Volt, 3 Amp Regulator 

LM129, 6.9V Precision Voltage Reference 

LM134 Series, Constant Current Source and Temperature Sensor 

LM1 36-2.5, 2.5 Volt Reference 

LM137, Negative Adjustable Regulator 

LM137HV, High Voltage Negative Adjustable Regulator 

LM138, 5 Amp Positive Adjustable Regulator 

LM150, 3 Amp Positive Adjustable Regulator 

LM185-1.2, Micropower Voltage Reference 

LM1 85-2.5, Micropower Voltage Reference 

LM199, Precision Reference 

LM199A, Precision Reference 

LM301A, Uncompensated General Purpose Op Amp 

LM307, Compensated General Purpose Op Amp 


...’90DB 

13-74 

...’90DB 

2-271 

...’90DB 

2-271 

...’90DB 

2-271 

...’90DB 

2-271 

...’90DB 

9-97 

... ’90DB 

9-97 

...’90DB 

2-271 

...’90DB 

2-271 

...’90DB 

2-271 

... ’90DB 

2-271 

...’90DB 

9-97 

...’90DB 

9-97 

...’90DB 

9-113 

...’90DB 

2-275 

...’90DB 

3-65 

...’90DB 

2-279 

...’90DB 

2-281 

...’90DB 

2-281 

... ’90DB 

2-281 

...’90DB 

2-281 

...’90DB 

2-281 

...’90DB 

2-297 

...’90DB 

2-297 

...’90DB 

2-303 

...’90DB 

2-303 

...’90DB 

6-85 

...’90DB 

4-137 

...’90DB 

4-145 

...’90DB 

2-311 

...’90DB 

6-93 

...’90DB 

4-149 

...’90DB 

3-83 

...’90DB 

3-87 

... ’90DB 

3-101 

...’90DB 

4-157 

...’90DB 

4-165 

...’90DB 

4-169 

...’90DB 

4-177 

...’90DB 

3-105 

...’90DB 

3-109 

...’90DB 

3-115 

...’90DB 

3-115 

...’90DB 

2-297 

...’90DB 

2-297 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LM308, Super Gain Op Amp , ........... ’90DB 2-303 

LM308A, Super Gain Op Amp ’90DB 2-303 

LM311, Voltage Comparator ’90DB 6-85 

LM31 7, Positive Adjustable Regulator ’90DB 4-1 37 

LM317HV, High Voltage Positive Adjustable Regulator ’90DB 4-145 

LM318, High Slew Rate Op Amp ’90DB 2-311 

LM318S8, High Speed Op Amp ’90DB 2-319 

LM31 9, Dual Comparator ’90DB 6-93 

LM323, 5 Volt, 3 Amp Regulator ’90DB 4-149 

LM329, 6.9V Precision Voltage Reference ’90DB 3-83 

LM334S8, Constant Current Source and Temperature Sensor ’90DB 3-99 

LM336-2.5, 2.5 Volt Reference ’90DB 3-1 01 

LM337, Negative Adjustable Regulator ’90DB 4-1 57 

LM337HV, High Voltage Negative Adjustable Regulator ’90DB 4-1 65 

LM338, 5 Amp Positive Adjustable Regulator ’90DB 4-169 

LM350, 3 Amp Positive Adjustable Regulator ’90DB 4-1 77 

LM385-1 .2, Micropower Voltage Reference ’90DB 3-1 05 

LM385-2.5, Micropower Voltage Reference ’90DB 3-109 

LM385S8-1.2, Micropower Voltage Reference ’90DB 3-113 

LM385S8-2.5, Micropower Voltage Reference ’90DB 3-113 

LM399, Precision Reference ’90DB 3-1 1 5 

LM399A, Precision Reference ....’90DB 3-115 

LT111A, Improved LM1 11 ’90DB 6-85 

LT117A, Improved LM1 17 ’90DB 4-137 

LT117AHV, Improved LM117HV ’90DB 4-145 

LT118A, Improved LM118 Op Amp ’90DB 2-311 

LT119A, Improved LM1 19 ’90DB 6-93 

LT123A, Improved LM1 23.. ’90DB 4-149 

LT137 A, Improved LM137 ’90DB 4-157 

LT137AHV, Improved LM137HV ’90DB 4-1 65 

LT138A, Improved LM1 38 ’90DB 4-169 

LT150A, Improved LM1 50 ’90DB 4-177 

LTC201A, Micropower ; Low Charge Injection, Quad CMOS Analog Switch ’92DB 1 1 -4 

LTC202, Micropower, Low Charge Injection, Quad CMOS Analog Switch ’92DB 1 1 -4 

L TC203, Micropower, Low Charge Injection, Quad CMOS Analog Switch ’92DB 1 1 -4 

LTC221, Micropower, Low Charge Injection, Quad CMOS Analog Switch with Data Latches ’92DB 11-15 

LTC222, Micropower, Low Charge Injection, Quad CMOS Analog Switch with Data Latches ’92DB 11-15 

LT31 1A, Improved LM1 1 1 ’90DB 6-85 

LT317A, Improved LM1 17 ’90DB 4-137 

LT317AHV, Improved LM117HV ’90DB 4-145 

LT318A, Improved LM118 Op Amp ’90DB 2-311 

LT319A, Improved LM1 19 ’90DB 6-93 

LT323A, Improved LM123 ’90DB 4-149 

L7337 A, Improved LM137 ’90DB 4-157 

LT337AHV, Improved LM137HV ’90DB 4-165 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LT338A, Improved LM1 38 ’90DB 4-169 

LT350A, Improved LM1 50 ’90DB 4-177 

L TC485, Low Power RS485 Interface Transceiver ’92DB 5-6 

L TC486, Quad Low Power RS485 Driver ’92DB 5-1 6 

L TC487, Quad Low Power RS485 Driver ’92DB 5-24 

LTC488, Quad RS485 Line Receiver 5-158 

LTC489, Quad RS485 Line Receiver 5-158 

L TC490, Low Power RS485 Interface Transceiver ’92DB 5-32 

L TC491, Low Power RS485 interface Transceiver ’92DB 5-40 

LT574A, Complete 12-Bit A/D Converter 6-205 

LT580, Precision Reference ’90DB 3-121 

LT581 , Precision Reference ’90DB 3-1 21 

LT685, High Speed Comparator ’90DB 6-5 

L TC690, Microprocessor Supervisory Circuit ’92DB 9-4 

L TC69 1, Microprocessor Supervisory Circuit ’92 D B 9-4 

LTC692 , Microprocessor Supervisory Circuit 9-4 

LTC693, Microprocessor Supervisory Circuit 9-4 

L TC694, Microprocessor Supervisory Circuit ’92 D B 9-4 

L TC694-3. 3,3.3V Microprocessor Supervisory Circuit 9-19 

L TC695, Microprocessor Supervisory Circuit ’92DB 9-4 

L TC695-3.3, 3.3V Microprocessor Supervisory Circuit 9-19 

L TC699, Microprocessor Supervisory Circuit ’92DB 9-1 8 

LT1001, Precision Op Amp ’90DB 2-1 1 

LT1001CS8, Precision Op Amp ’90DB 2-23 

L T1002, Dual, Matched Precision Op Amp ’90DB 2-25 

LT1003, 5 Volt, 5 Amp Voltage Regulator ’90DB 4-9 

L T 1004, Micropower Voltage Reference ’90DB 3-17 

LT1004CS8-1.2, Micropower Voltage Reference ’90DB 3-25 

LT1004CS8-2.5, Micropower Voltage Reference ’90DB 3-25 

LT1005, Logic Controlled Regulator ’90DB 4-1 7 

LT1006, Precision, Single Supply Op Amp ’90DB 2-41 

L T1006S8, Precision, Single Supply Op Amp ’90DB 2-53 

L T 1007, Low Noise, High Speed Precision Op Amp ’90D B 2-57 

LT1007CS, Low Noise, High Speed Precision Op Amp ’90DB 2-69 

LT1007CS8, Low Noise, High Speed Precision Operational Amplifier ’92DB 2-16 

L T 1008, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp ’90DB 2-73 

LT1009 Series, 2.5 Volt Reference ’90DB 3-27 

L T1009S8, 2.5 Volt Reference ’90DB 3-31 

LT1010, Fast ±1 50mA Power Buffer ’90DB 2-85 

LT1011, Voltage Comparator ’90DB 6-9 

LT1012, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp ’90DB 2-105 

LT1012S8, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp ’90DB 2-1 1 7 

LT1013, Dual Precision Operational Amplifier ’92DB 2-1 9 

L T 1014, Quad Precision Operational Amplifier ’92DB 2-19 

LT1015, High Speed Dual Line Receiver ’92DB 10-4 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LT1016, Ultra Fast Precision Comparator ’90DB 6-25 

LT1016CS8, Ultra Fast Precision Comparator ’90DB 6-41 

L T1017, Micropower Dual Comparator 10-4 

LT1018 , Micropower Dual Comparator 10-4 

LT1019, 2.5V, 4.5V, 5.0V, 10.0V, Precision References ’90DB 3-33 

L T1020, Micropower Regulator and Comparator ’90DB 4-29 

L T 1020CS, Micropower Regulator and Comparator ’90DB 4-45 

LT1021, 5.0V, 7.0V, 10.0V, Precision References ’90DB 3-41 

LT1021DCS8, 5.0V, 7.0V, 10.0V, Precision References ’90DB 3-57 

L T1022, High Speed, Precision JFET Input Op Amp ’90DB 2-1 45 

LT1024, Dual, Matched Picoampere, Microvolt Input, Low Noise Op Amp... ’9QDB 2-153 

L T1025, Micropower Thermocouple Cold Junction Compensator . ’90DB 1 1 -7 

L T1026, Voltage Converter ’90DB 5-3 

L T 1 027, Precision 5V Reference ’92 D B 7-6 

LT1028, Ultra-Low Noise Precision High Speed Op Amp 2-12 

L T1029, 5V Bandgap Reference . ’90DB 3-61 

L T1030, Quad Low Power Line Driver ’90DB 1 0-5 

L T1030CS, Quad Low Power Line Driver ’90DB 1 0-9 

LT1031, Precision 1 0V Reference ’90D B 3-65 

LT1032, Quad Low Power Line Driver ’90DB 1 0-1 1 

LT1033, 3A Negative Adjustable Regulator ’90DB 4-49 

LT1034-1.2, Micropower Dual Reference 7-5 

LT1 034-2.5, Micropower Dual Reference 7-5 

L T 1 035, Logic Controlled Regulator ’90D B 4-57 

LT1036, Logic Controlled Regulator . ’90DB 4-69 

LT1037, Low Noise, High Speed Precision Op Amp ’90DB 2-57 

LT1037CS, Low Noise, High Speed Precision Op Amp ’90DB 2-69 

LT1037CS8, Low Noise, High Speed Precision Operational Amplifier ’92DB 2-16 

LT1038, 10 Amp Positive Adjustable Voltage Regulator ’90DB 4-77 

LT1039, RS232 Driver/Receiver with Shutdown ’90DB 1 0-1 9 

LTC1040, Dual Micropower Comparator ’90DB 6-57 

LTC1041, BANG-BANG Controller * ’90DB 6-69 

LTC1042, Window Comparator ’90DB 6-77 

L TCI 043, Dual Precision Instrumentation Switched Capacitor Building Block ’90DB 11-15 

L TC1043CS, Dual Precision Instrumentation Switched Capacitor Building Block ’90DB 1 1 -31 

L TCI 044, Switched Capacitor Voltage Converter ’90DB 5-9 

LTC1044A, 12V CMOS Voltage Converter ... 4-16 

LTC1044CS8, Switched Capacitor Voltage Converter.. ’90DB 5-21 

L TCI 045, Programmable Micropower Hex Translator/Receiver/Driver ’90DB 1 0-27 

LTC1046, 50mA Switched Capacitor Voltage Converter ’92DB 4-1 6 

LTC1047, Dual Micropower Zero Drift Operational Amplifier with Internal Capacitors ’92DB 2-292 

LTC1049, Low Power Zero Drift Operational Amplifier with Internal Capacitors ’92DB 2-299 

LTC1050, Precision Zero Drift Op Amp with Internal Capacitors ’90DB 2-1 81 

LTC1051, Dual Precision Zero Drift Operational Amplifier with Internal Capacitors ’92DB 2-306 

LTC1052, Zero Drift Op Amp ’90DB 2-197 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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L TC1052CS, Zero Drift Op Amp ’90DB 2-21 7 

L TCI 053, Quad Precision Zero Drift Operational Amplifier with Internal Capacitors ’92DB 2-306 

LT1054, Switched-Capacitor Voltage Converter with Regulator 4-26 

LT1055, Precision, High Speed, JFET Input Op Amp ’90DB 2-219 

LT1055S8, Precision, High Speed, JFET Input Op Amp ’90DB 2-231 

LT1056, Precision, High Speed, JFET Input Op Amp ’90 DB 2-219 

L T1056S8, Precision, High Speed, JFET Input Op Amp ’90DB 2-231 

L T1057, Dual JFET Input Precision, High Speed Op Amp ’90DB 2-235 

LT1057IS, Dual JFET Input Precision High Speed Op Amp ’92DB 2-41 

L T1057IS8, Dual JFET Input Precision High Speed Op Amp ’92DB 2-44 

LT1057S, Dual JFET Input Precision High Speed Op Amp ’92DB 2-41 

L T 1057S8, Dual JFET Input Precision High Speed Op Amp ’92DB 2-44 

L T1058, Quad JFET Input Precision, High Speed Op Amp ’90DB 2-235 

L T1058IS, Quad JFET Input Precision High Speed Op Amp ’92DB 2-41 

L T 1058S, Quad JFET Input Precision High Speed Op Amp ’92DB 2-41 

L TCI 059, High Peformance Switched Capacitor Universal Filter ’90DB 7-3 

L TC1059CS, High Performance Switched Capacitor Universal Filter ’90DB 7-1 1 

L TCI 060, Universal Dual Filter Building Block ’90DB 7-1 5 

L TC1060CS, Universal Dual Filter Building Block ’90DB 7-35 

L TCI 061, High Performance Triple Universal Filter Building Block ’90DB 7-39 

LTC1061CS, High Performance Triple Universal Filter Building Block ’90DB 7-55 

LTC1062, 5th Order Lowpass Filter 8-5 

LTC1063, DC Accurate, Clock-Tunable 5th Order Butterworth Lowpass Filter 8-16 

L TCI 064, Low Noise, Fast, Quad Universal Filter Building Block ’90DB 7-73 

L TCI 064- 1, Low Noise, 8th Order, Clock Sweepable Elliptic Lowpass Filter ’90DB 7-89 

L TCI 064-2, Low Noise, High Frequency, 8th Order Butterworth Lowpass Filter ’92DB 8-5 

L TCI 064-3, Low Noise, High Frequency, 8th Order Linear Phase Lowpass Filter ’92DB 8-1 3 

L TCI 064-4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter ’92DB 8-21 

LTC1 064-7, Linear Phase, 8th Order Lowpass Filter 8-28 

LTC1065, DC Accurate, Clock-Tunable Linear Phase 5th Order Bessel Lowpass Filter 8-39 

LTC1 066-1, 14-Bit DC Accurate Clock-Tunable, 8th Order Elliptic or Linear Phase Lowpass Filter 8-51 

L T1070, 5A High Efficiency Switching Regulator ’90DB 5-37 

LT1071, 2.5A High Efficiency Switching Regulator ’90DB 5-37 

LT1072, 1.25A High Efficiency Switching Regulator 4-232 

LT1073, Micropower DC-DC Converter Adjustable and Fixed 5V, 12V ’92DB 4-1 74 

LT1074, Step-Down Switching Regulator 4-243 

LT1076, Step-Down Switching Regulator 4-243 

L T1 076-5, 5V Step-Down Switching Regulator '92DB 4-208 

L T 1077, Micropower, Single Supply, Precision Operational Amplifier ’92DB 2-45 

LT1078, Micropower, Dual, Single Supply, Precision Operational Amplifier ’92DB 2-56 

LT1079, Micropower, Quad, Single Supply, Precision Operational Amplifier ’92DB 2-56 

L T1080, Advanced Low Power 5V RS232 Dual Driver/Receiver ’90DB 1 0-43 

L T1080CS, 5V Powered RS232 Driver/Receiver with Shutdown ’90DB 1 0-51 

L T1081, Advanced Low Power 5V RS232 Dual Driver/Receiver ’90DB 1 0-43 

LT1081CS, 5V Powered RS232 Driver/Receiver with Shutdown ’90DB 1 0-51 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LT1082, 1A High Voltage , High Efficiency Switching Voltage Regulator 4-257 

LT1083, 7.5A Low Dropout Positive Adjustable Regulator 4-48 

LT1083, 7. 5 A Low Dropout Positive Fixed Output Regulator 4-61 

LT1084, 5A Low Dropout Positive Adjustable Regulator 4-48 

LT1084, 5A Low Dropout Positive Fixed Output Regulator 4-61 

LT1085, 3A Low Dropout Positive Adjustable Regulator 4-48 

LT1085, 3A Low Dropout Positive Fixed Output Regulator 4-61 

LT1086 Series, 1.5A Low Dropout Positive 2.85V, 3.3V, 3.6V, 5V, 12V and Adjustable Regulators 4-72 

L T1087, Adjustable Low Dropout Regulator with Kelvin-Sense Inputs ’92DB 4-56 

L T 1 088, Wideband RMS-DC Converter Building Block ’90D B 11-33 

L T1089, High Side Switch ’90DB 1 1 -45 

L TCI 090, Single Chip 10-Bit Data Acquisition System ’90DB 9-5 

LTC1091, 1 -Channel, 10-Bit Serial I/O Data Acquisition System ’90DB 9-29 

L TCI 092, 2-Channel, 10-Bit Serial I/O Data Acquisition System ’90DB 9-29 

L TCI 093, 6-Channel, 10-Bit Serial I/O Data Acquisition System ’90DB 9-29 

L TCI 094, 8-Channel, 10-Bit Serial I/O Data Acquisition System ’90DB 9-29 

L TCI 095, Complete 10-Bit Data Acquisition System with On Board Reference ’90DB 9-57 

LTC1096, Micropower Sampling 8-Bit Serial I/O A/D Converter 6-8 

L T1097, Low Cost, Low Power Precision Operational Amplifier ’92DB 2-74 

LTC1098, Micropower Sampling 8-Bit Serial I/O A/D Converter 6-8 

LTC1099, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold ’90DB 9-81 

LTC11 00, Precision, Zero Drift Instrumentation Amplifier ’92 D B 3-4 

LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ’92DB 3-1 1 

LT1 102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 10 or 100) .... ’92DB 3-23 

LT1103, Offline Switching Regulator 4-267 

LT1105, Offline Switching Regulator 4-267 

LT1 106, Micropower Step-Up DC/DC Converter for PCMCIA Card Flash Memory 1 3-3 

LT1107, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-294 

LT1108, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-306 

LT1109, Micropower Low Cost DC/DC Converter Adjustable and Fixed 5V, 12V 4-318 

LT1109A, Micropower DC/DC Converter Flash Memory VPP Generator Adjustable and Fixed 5V, 12V 4-325 

LT1110, Micropower DC-DC Converter Adjustable and Fixed 5V, 12V, High Frequency ’92DB 4-245 

LT1111, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-331 

LT1112, Dual Low Power Precision, Picoamp Input Op Amp 2-29 

LT1113, Dual Low Noise, Precision, JFET Input Op Amps 2-40 

LT1114, Quad Low Power Precision, Picoamp Input Op Amp 2-29 

LT1115, Ultra-Low Noise, Low Distortion, Audio Operational Amplifier ’92DB 2-82 

LT1116, 12ns, Single Supply Ground-Sensing Comparator ’92DB 10-7 

LT1117, 800mA Low Dropout Positive Regulator Adjustable and Fixed 2.85V, 3.3V, 5V 4-85 

LT1120, Micropower Regulator with Comparator and Shutdown 4-96 

LT1120A, Micropower Regulator with Comparator and Shutdown 4-107 

LT1121, Micropower Low Dropout Regulator with Shutdown 4-114 

LT1121-3.3, Micropower Low Dropout Regulator with Shutdown 4-114 

LT1121-5, Micropower Low Dropout Regulator with Shutdown 4-114 

LT1122, Fast Settling, JFET Input Operational Amplifier 2-84 

Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LT1123, 5 V Low Dropout Regulator Driver ’92DB 4-75 

LT1124, Dual Low Noise, High Speed Precision Operational Amplifier ’92DB 2-94 

L T 1 125, Quad Low Noise, High Speed Precision Operational Amplifier ’92DB 2-94 

L T 1 126, Dual Decompensated Low Noise, High Speed Precision Operational Amplifier ’92D B 2-105 

L T 1 127, Quad Decompensated Low Noise, High Speed Precision Operational Amplifier ’92DB 2-105 

LT1128, Unity Gain Stable Ultra-Low Noise Precision High Speed Op Amp 2-12 

LT1129, Micropower Low Dropout Regulator with Shutdown 4-125 

LT1 129-3.3, Micropower Low Dropout Regulator with Shutdown 4-125 

LT1 129-5, Micropower Low Dropout Regulator with Shutdown 4-125 

LT1130, 5-Driver/5-Receiver RS232 Transceiver Refer to LT1130A 

LT1130A, Advanced 5-Driver/5-Receiver RS232 Transceiver 5-10 

LT1131, 5-Driver/4-Receiver RS232 Transceiver with Shutdown Refer to LT1 131 A 

LT1131A, Advanced 5-Driver /4-Receiver RS232 Transceiver with Shutdown 5-10 

LT1132, 5-Driver/3-Receiver RS232 Transceiver Refer to LT1132A 

LT1132A, Advanced 5-Driver/3-Receiver RS232 Transceiver 5-10 

LT1133, 3-Driver/5-Receiver RS232 Transceiver Refer to LT1133A 

LT1133A, Advanced 3-Driver /5-Receiver RS232 Transceiver 5-10 

LT1134, 4-Driver/4-Receiver RS232 Transceiver Refer to LT1134A 

LT1134A, Advanced 4-Driver/4-Receiver RS232 Transceiver 5-10 

LT1135, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump Refer to LT1 1 35A 

LT1135A, Advanced 5-Driver/3-Receiver RS232 Transceiver without Charge Pump 5-10 

LT1136, 4-Driver/5-Receiver RS232 Transceiver with Shutdown .... Refer to LT1 1 36A 

LT1136A, Advanced 4-Driver/5-Receiver RS232 Transceiver with Shutdown 5-10 

LT1137, 3-Driver/5-Receiver RS232 Transceiver with Shutdown Refer to LT1 137A 

LT1137A, Advanced 3-Driver/5-Receiver Low Power 5V RS232 Transceiver with Small Capacitors 5-20 

LT1138, 5-Driver/3-Receiver RS232 Transceiver with Shutdown Refer to LT1 1 38A 

LT1138A, Advanced 5-Driver/3-Receiver RS232 Transceiver with Shutdown 5-10 

LT1 139, 4-Driver /4-Receiver RS232 Transceiver with Shutdown Refer to LT1 1 39A 

LT1139A, Advanced 4-Driver/4-Receiver RS232 Transceiver with Shutdown .. 5-10 

LT1140, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump Refer to LT1140A 

LT1140A, Advanced 5-Driver/3-Receiver RS232 Transceiver without Charge Pump 5-10 

LT1141, 3-Driver/5-Receiver RS232 Transceiver without Charge Pump Refer to LT1141A 

LT1141A, Advanced 3-Driver/5-Receiver RS232 Transceiver without Charge Pump 5-10 

LTC1142, Dual High Efficiency Synchronous Step-Down Switching Regulator 4-346 

LTC11 42-AD J, Dual High Efficiency Synchronous Step-Down Switching Regulator 4-346 

LTC1143, Dual High Efficiency Step-Down Switching Regulator Controller 4-365 

LTC1144, Switched-Capacitor Wide Input Range Voltage Converter with Shutdown 4-38 

LTC1145, Low Power Digital Isolater 5-186 

L TC1 146, Low Power Digital Isolater 5-186 

LTC1 147-3.3, High Efficiency Step-Down Switching Regulator Controller 4-380 

LTC1147-5, High Efficiency Step-Down Switching Regulator Controller 4-380 

LTC1148, High Efficiency Synchronous Step-Down Switching Regulator 4-395 

LTC1 148-3.3, High Efficiency Synchronous Step-Down Switching Regulator 4-395 

LTC1 148-5, High Efficiency Synchronous Step-Down Switching Regulator 4-395 

LTC1149, High Efficiency Synchronous Step-Down Switching Regulator 4-414 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LTC11 49-3.3, High Efficiency Synchronous Step-Down Switching Regulator 4-414 

LTC1 149-5, High Efficiency Synchronous Step-Down Switching Regulator 4-414 

LTC1 150, ±15V Zero Drift Operational Amplifier with Internal Capacitors . ’92DB 2-321 

LTC1151, Dual ±15V Zero-Drift Operational Amplifier 2-356 

L TC1 152, Rail-to-Rail Input Rail -to- Rail Output Zero-Drift Op Amp 13-7 

LTC1153, Auto-Reset Electronic Circuit Breaker 4-138 

LTC1154, High-Side Micropower MOSFET Driver 4-152 

L TC1 155, Dual High Side Micropower N-Channel MOSFET Driver with Internal Charge Pump ... ’92DB 4-26 

L TC1 156, Quad High Side Micropower N-Channel MOSFET Driver with Internal Charge Pump ’92DB 4-41 

LTC1157, 3.3V Dual Micropower High-Side/Low-Side MOSFET Driver 4-167 

LT1158, Half Bridge N-Channel Power MOSFET Driver „ ’92DB 4-102 

LTC1159, High Efficiency Synchronous Step-Down Switching Regulator 13-11 

LTC1 159-3.3, High Efficiency Synchronous Step-Down Switching Regulator 13-11 

LTC1 159-5, High Efficiency Synchronous Step-Down Switching Regulator 13-11 

LT1161, Quad Protected High-Side MOSFET Driver 4-175 

LTC1163, Triple 1.8V to 6V High-Side MOSFET Driver 4-186 

L TC1 164, Low Power, Low Noise, Quad Universal Filter Building Block ’92DB 8-29 

LTC1 164-5, Low Power 8th Order Pin Selectable Butterworth or Bessel Lowpass Filter 8-67 

L TC1 164-6, Low Power 8th Order Pin Selectable Elliptic or Linear Phase Lowpass Filter 8-78 

LTC1 164-7, Low Power, Linear Phase 8th Order Lowpass Filter 8-89 

LTC1165, Triple 1.8V to 6V High-Side MOSFET Driver 4-186 

LT1169, Dual Low Noise, Picoampere Bias Current, JFET Input Op Amp 2-55 

LT1170, 100kHz, 5 A High Efficiency Switching Regulator 4-433 

LT1171, 100kHz, 2.5A High Efficiency Switching Regulator 4-433 

LT1172, 100kHz, 1.25A High Efficiency Switching Regulator 4-433 

LT1173, Micropower DC-DC Converter Adjustable and Fixed 5V, 12V ’92DB 4-275 

LTC1174, High Efficiency Step-Down and Inverting DC/DC Converter 4-447 

LTC1174-3.3, High Efficiency Step-Down and Inverting DC/DC Converter 4-447 

LTC1174-5, High Efficiency Step-Down and Inverting DC/DC Converter 4-447 

LT1176, Step-Down Switching Regulator 4-462 

LT11 76-5, Step-Down Switching Regulator 4-462 

LT1178, 17pA Max, Dual, Single Supply, Precision Operational Amplifier ’92DB 2-1 1 2 

LT1178S8, 20pA Max, Dual SO-8 Package, Single Supply Precision Op Amp 2-67 

LT1179, 17pA Max, Quad, Single Supply, Precision Operational Amplifier ’92DB 2-112 

LT1180, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors Refer to LT1 1 80A 

L T1180A, Low Power 5V RS232 Dual Driver/Receiver with 0. 1 /jF Capacitors 5-27 

LT1181, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors Refer to LT1 1 81 A 

LT1181A, Low Power 5V RS232 Dual Driver/Receiver with 0.1 pF Capacitors 5-27 

LT1182, CCFL/LCD Contrast Dual Switching Regulator 13-27 

LT1183, CCFL/LCD Contrast Dual Switching Regulator 13-27 

L T 1 185, Low Dropout Regulator with Adjustable Current Limit ’92DB 4-86 

LT1187, Low Power Video Difference Amplifier 2-92 

LT1 188, 1.5A High Side Switch ’92DB 4-48 

LT1189, Low Power Video Difference Amplifier 2-104 

LT1190, Ultra High Speed Operational Amplifier (Av > 1) ’92DB 2-126 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LT1191, Ultra High Speed Operational Amplifier (Av > 1) ’92DB 2-137 

LT1192, Ultra High Speed Operational Amplifier (Av> 5) ’92DB 2-1 48 

LT1193, Video Difference Amplifier, Adjustable Gain ’92DB 2-1 59 

LT1194, Video Difference Amplifier, Gain of 10 ’92DB 2-171 

LT1195, Low Power, High Speed Operational Amplifier 2-116 

LTC1196, 8-Bit, SO-8, 1MSPS ADCs with Auto-Shutdown Options 6-32 

LTC1198, 8-Bit, SO-8, 750ksps ADCs with Auto-Shutdown Options 6-32 

L T 1200, Low Power High Speed Operational Amplifier ’92DB 2-182 

LT1201, Dual 1mA, 12MHz, 50V/ps Op Amp 2-127 

LT1202, Quad 1mA, 12MHz, 50V/ps Op Amp 2-127 

LT1203, 150MHz Video Multiplexer 2-374 

LT1204, 4-Input Video Multiplexer with 75MHz Current Feedback Amplifier 2-389 

LT1205, 150MHz Video Multiplexer 2-374 

LT1206, 250mA/60MHz Current Feedback Amplifier 2-137 

LT1208, Dual 45MHz, 400V fps Op Amp 2-150 

LT1209, Quad 45MHz, 400V/psOpAmp 2-150 

LT1211, 14MHz, 7V/ps, Single Supply Dual Precision Op Amp 2-160 

LT1212, 14MHz, 7V/ps, Single Supply Quad Precision Op Amp 2-160 

LT1213, 28MHz, 12V/ps, Single Supply Dual Precision Op Amp 2-176 

LT1214, 28MHz, 12V/ps, Single Supply Quad Precision Op Amp 2-176 

LT1215, 23MHz, 50V/ps, Single Supply Dual Precision Op Amp 2-192 

LT1216, 23MHz, 50V/ps, Single Supply Quad Precision Op Amp 2-192 

LT1217, Low Power High Speed Current Feedback Amplifier ’92DB 2-1 90 

LT1220, Very High Speed Operational Amplifier (Av>1) ’92DB 2-1 98 

L T 1221, Very High Speed Operational Amplifier (Av >4) ’92DB 2-21 0 

LT1222, Low Noise, Very High Speed Operational Amplifier (Av > 10) ’92DB 2-218 

LT1223, 100MHz Current Feedback Amplifier ’92DB 2-226 

LT1224, Very High Speed Operational Amplifier (Av> 1) ’92DB 2-237 

LT1225, Very High Speed Operational Amplifier (Av>5) ’92DB 2-245 

LT1226, Low Noise Very High Speed Operational Amplifier (Av>25) ’92DB 2-253 

LT1227, 140MHz Video Current Feedback Amplifier 2-208 

LT1228, 100MHz Current Feedback Amplifier with DC Gain Control ’92DB 2-261 

L T 1229, Dual 100MHz Current Feedback Amplifier ’92DB 2-280 

L T 1230, Quad 100MHz Current Feedback Amplifier ’92DB 2-280 

L TCI 232, Microprocessor Supervisory Circuit ’92DB 9-22 

L TCI 235, Microprocessor Supervisory Circuit with Conditional Battery Backup ’92DB 9-29 

LT1237, 5V RS232 Transceiver with Advanced Power Management and One Receiver Active in SHUTDOWN 5-34 

LT1241, High Speed Current Mode Pulse Width Modulator ’92DB 4-122 

L T 1242, High Speed Current Mode Pulse Width Modulator ’92DB 4-122 

L T 1243, High Speed Current Mode Pulse Width Modulator ’92DB 4-1 22 

L T 1244, High Speed Current Mode Pulse Width Modulator ’92DB 4-1 22 

L T 1245, High Speed Current Mode Pulse Width Modulator ’92DB 4-122 

LT1246, 1MHz Off-Line Current Mode PWM ’92DB 4-134 

L T1248, Power Factor Controller 4-194 

Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LT1249, Power Factor Controller 4-205 

L TCI 250, Very Low Noise Zero-Drift Bridge Amplifier 2-364 

LT1251, 40MHz Video Fader 2-219 

LT1252, Low Cost Video Amplifier . 2-242 

LT1253, Low Cost Dual Video Amplifier 2-249 

LT1254, Low Cost Quad Video Amplifier 2-249 

LTC1255, Dual 24V High-Side MOSFET Driver 4-215 

LT1256, 40MHz DC Gain Controlled Amplifier 2-219 

L TCI 257, Complete Single Supply 12-Bit Voltage Output DAC in SO-8 6-21 0 

LT1259, Low Cost Dual 130MHz Current Feedback Amplifier with Shutdown 2-256 

LT1260, Low Cost Triple 130MHz Current Feedback Amplifier with Shutdown 2-256 

L TCI 262, 12V, 30mA Inductorless Flash Memory Programming Supply . 1 3-35 

LTC1264, Highspeed, Quad Universal Filter Building Block 8-100 

LTC1264-7, Linear Phase, Group Delay Equalized, 8th Order Lowpass Filter 8-115 

LT1268, 7.5 A, 150kHz Switching Regulator .. 4-466 

LT1268B, 7. 5 A, 150kHz Switching Regulator 4-466 

LT1269, 4A High Efficiency Switching Regulator 4-474 

LT1270, 8A High Efficiency Switching Regulator 4-470 

LT1270A, 10A High Efficiency Switching Regulator 4-470 

LT1271, 4 A High Efficiency Switching Regulator 4-474 

LTC1272, 12-Bit, 3ps, 250kHz Sampling A/D Converter ’92DB 6-6 

LTC1273, 12-Bit, 300ksps Sampling A/D Converter with Reference 6-58 

LTC1275, 12-Bit, 300ksps Sampling A/D Converter with Reference 6-58 

LTC1276, 12-Bit, 300ksps Sampling A/D Converter with Reference 6-58 

LTC1278, 12-Bit, 500ksps Samplng A/D Converter with Shutdown 6-80 

LT1280, Advanced Low Power 5V RS232 Dual Driver/Receiver Refer to LT1 280A 

LT1280A, Low Power 5V RS232 Dual Driver/Receiver with 0. IpF Capacitors 5-41 

LT1281, Advanced Low Power 5V RS232 Dual Driver/Receiver Refer to LT1281A 

LT1281A, Low Power 5V RS232 Dual Driver/Receiver with 0. IpF Capacitors 5-41 

LTC1282, 3V 140ksps 12-Bit Sampling A/D Converter with Reference 6-95 

LTC1283, 3V Single Chip 10-Bit Data Acquisition System 6-1 1 7 

LTC1285, 3V Micropower 12-Bit A/D Converter in SO-8 Package 13-39 

L TCI 286, Micropower Sampling 12-Bit A/D Converter in SO-8 Package 6-140 

LTC1287, 3V Single Chip 12-Bit Data Acquisition System ’92DB 6-25 

LTC1288, 3V Micropower 12-Bit A/D Converter in SO-8 Package 13-39 

LTC1289, 3V Single Chip 12-Bit Data Acquisition System . ’92DB 6-40 

LTC1290, Single Chip 12-Bit Data Acquisition System ’92DB 6-67 

LTC1291, Single Chip 12-Bit Data Acquisition System 6-163 

LTC1292, Single Chip 12-Bit Data Acquisition System 6-182 

L TCI 293, Single Chip 12-Bit Data Acquisition System ’92DB 6-1 1 3 

L TCI 294, Single Chip 12-Bit Data Acquisition System ’92DB 6-1 1 3 

LTC1296, Single Chip 12-Bit Data Acquisition System ’92DB 6-113 

LTC1297, Single Chip 12-Bit Data Acquisition System 6-182 

LTC1298, Micropower Sampling 12-Bit A/D Converter in SO-8 Package 6-140 


Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LT1300, Micropower High Efficiency 3. 3/5V Step-Up DC/DC Converter 4-478 

LT1301, Micropower High Efficiency 5V12V Step-Up DC/DC Converter with Flash Memory 4-486 

LT1302, Micropower High Output Current Step-Up Adjustable and Fixed 5V DC/DC Converter 13-47 

LT1302-5, Micropower High Output Current Step-Up Adjustable and Fixed 5V DC/DC Converter 13-47 

LT1303, Micropower High Efficiency DC/DC Converter with Low-Battery Detector Adjustable and Fixed 5V 13-51 

L T1 303-5, Micropower High Efficiency DC/DC Converter with Low-Battery Detector Adjustable and Fixed 5V 1 3-51 

L T1309, 500kHz Micropower DC/DC Converter for Flash Memory 1 3-55 

LT1312, Single PCMCIA VPP Driver/Regulator 13-59 

LT1313, Dual PCMCIA VPP Driver/Regulator 13-71 

LTC1318, Single 5V HS232/HS422/ AppleTalk® Transceiver 13-79 

LTC1320, AppleTalk® Transceiver 5-178 

LTC1321, 2-EIA562/RS232 Transceivers/2-RS485 Transceivers 5-198 

LTC1322, 4-EIA562/RS232 Transceivers/2-RS485 Transceivers 5-198 

LTC1323, Single 5V AppleTalk® Transceiver 13-85 

LTC1325, Microprocessor-Controlled Battery Charger 13-94 

LTC1327, 3.3V Micropower El AfTlA-562 Transceiver 5-48 

LT1330, 5VRS232 Transceiver with 3V Logic Interface and One Receiver Active in SHUTDOWN 5-54 

L T1331, 3V RS232 or 5V/3V RS232 Transceiver with One Receiver Active in SHUTDOWN 5-61 

LT1332, Wide Supply Range Low Power RS232 Transceiver with 12V VPP Output for Flash Memory 5-68 

LTC1335, 4-EIA562 Transceivers/2-RS485 Transceivers withOE 5-198 

LTC1337, 5V Low Power RS232 3-Driver/5-Receiver Transceiver 5-76 

LTC1338 , 5V Low Power RS232 5-Driver /3-Receiver Transceiver 5-82 

LT1341 , 5VRS232 Transceiver with One Receiver Active in SHUTDOWN 5-88 

LT1342, 5V RS232 Transceiver with 3V Logic Interface 5-95 

LTC1347, 5V Low Power RS232 3-Driver/5-Receiver Transceiver with 5 Receivers Active in SHUTDOWN 5-102 

LTC1348, 3.3V Low Power RS232 3-Driver/5-Receiver Transceiver 13-116 

L TCI 349, 5V Low Power RS232 3-Driver/5-Receiver Transceiver with 2 Receivers Active in SHUTDOWN 5-108 

LTC1350, 3.3V Low Power EfA/TlA-552 3-Driver /5-Receiver Transceiver 5-114 

LT1354, 12MHz, 400V/jus Op Amp 2-267 

LT1355, Dual 12MHz, 400V /ps Op Amp 2-278 

LT1356, Quad 12MHz, 400V /ps Op Amp 2-278 

LT1357, 25MHz, 600V /ps Op Amp 2-289 

LT1358, Dual 25MHz, 600V/ps Op Amp 2-300 

LT1359, Quad 25MHz, 600V/fjs Op Amp 2-300 

LT1360, 50MHz, 800V /ps Op Amp 2-311 

LT1361, Dual 50MHz, 800V/ps0pAmp 2-322 

LT1362, Quad 50MHz, 800V /ps Op Amp 2-322 

LT1363, 70MHz, lOOOV/ps Op Amp 2-333 

LT1364, Dual 70MHz, lOOOV/ps Op Amp.. 2-344 

LT1365, Quad 70MHz, lOOOV/ps Op Amp 2-344 

LT1372, 500kHz High Efficiency 1.5 A Step-Up Switching Regulator 13-120 

LT1376, 1.5 A, 500kHz Step-Down Switching Regulator 13-121 

LT1381, Low Power 5 V RS232 Dual Driver/Receiver with 0. IpF Capacitors 5-120 

LTC1382, 5V Low Power RS232 Transceiver with Shutdown 5-127 

Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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LTC1383, 5V Low Power RS232 Transceiver 5-133 

LTC1384, 5V Low Power RS232 Transceiver with 2 Receivers Active in SHUTDOWN 5-139 

LTC1385, 3.3V Low Power EIA/TIA-562 Transceiver 5-145 

LTC1386, 3.3V Low Power EIA/TIA-562 Transceiver 5-151 

LT1413, Single Supply, Dual Precision Op Amp 2-68 

LT1431, Programmable Reference ’92DB 7-13 

LT1432, 5VHigh Efficiency Step-Down Switching Regulator Controller ’92DB 4-145 

LT1457, Dual, Precision JFET Input Op Amp 2-76 

L TCI 481, Ultra-Low Power RS485 Transceiver with Shutdown 13-122 

LTC1483, Ultra-Low Power RS485 Low EMI Transceiver with Shutdown 13-129 

LTC1485, Differential BusTransceiver 5-166 

L T1524, Regulating Pulse Width Modulator ’90DB 5-85 

L T 1525A, Regulating Pulse Width Modulator ’90DB 5-97 

L T 1526, Regulating Pulse Width Modulator , ’90DB 5-1 05 

L T1527A, Regulating Pulse Width Modulator ’90DB 5-97 

LT1585, 4A Low Dropout Fast Response Positive Regulator Adjustable and Fixed Outputs 13-136 

L T1846, Current Mode PWM Controller ’90DB 5-1 1 3 

L T1847, Current Mode PWM Controller ’90DB 5-1 1 3 

L T3524, Regulating Pulse Width Modulator ’90DB 5-85 

L T3525A, Regulating Pulse Width Modulator ’90DB 5-97 

LT3526, Regulating Pulse Width Modulator ’90DB 5-1 05 

L T3527A, Regulating Pulse Width Modulator ’90DB 5-97 

LT3846, Current Mode PWM Controller ’90DB 5-113 

LT3847, Current Mode PWM Controller ’90DB 5-113 

L TC7652, Chopper Stabilized Op Amp ’90DB 2-1 97 

L TC7660, Switched Capacitor Voltage Converter ’90DB 5-9 

L TKOOI, Thermocouple Cold Junction Compensator and Matched Amplifier ’90DB 1 1 -3 

LTZIOOO, Ultra Precision Reference ’90DB 3-9 

LTZIOOOA, Ultra Precision Reference ’90DB 3-9 

OP-05, Internally Compensated Op Amp ’90DB 2-321 

OP-07, Precision Op Amp ’90DB 2-329 

0P-07CS8, Precision Op Amp ’90DB 2-337 

OP-15, Precision, High Speed JFET Input Op Amp ’90DB 2-341 

OP-16, Precision, High Speed JFET Input Op Amp ’90DB 2-341 

OP-27, Low Noise, Precision Op Amp ’90DB 2-345 

OP-37, Low Noise, High Speed Op Amp ’90DB 2-345 

OP-215, Dual Precision JFET Input Op Amp ’90DB 2-275 

OP-227, Dual Matched, Low Noise Op Amp ’90DB 2-357 

OP-237, Dual High Speed, Low Noise Op Amp ’90DB 2-357 

OP-270, Dual Low Noise, Precision Operational Amplifier ’92DB 2-120 

OP-470, Quad Low Noise, Precision Operational Amplifier ’92DB 2-120 

REF-01 , Precision Voltage Reference ’90DB 3-1 25 

REF-02, Precision Voltage Reference ’90DB 3-125 

SGI 524, Regulating Pulse Width Modulator ’90DB 5-85 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks (’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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SG1525A, Regulating Pulse Width Modulator 
SG1527A, Regulating Pulse Width Modulator 
SG3524, Regulating Pulse Width Modulator... 
SG3524S, Regulating Pulse Width Modulator 
SG3525A, Regulating Pulse Width Modulator 
SG3527A, Regulating Pulse Width Modulator 


...’90DB 

5-97 

...’90DB 

5-97 

...’90DB 

5-85 

...’90DB 

5-93 

...’90DB 

5-97 

...’90DB 

5-97 


Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks {’90DB = LTC’s 1990 Databook and ’92DB = LTC’s 1992 Databook Supplement). 
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I. ORDER ENTRY 

Orders for products contained herein should be directed to: LINEAR TECHNOLOGY CORPORATION, 
1630 McCarthy Boulevard, Milpitas, California 95035. Phone: 408-432-1900. 

il. ORDERING INFORMATION 

Minimum order value is $2000.00 per order; minimum value per line item is $1000.00. 

Each item must be ordered using the complete part number exactly as listed on the data sheet. 

F.O.B.: Milpitas, California. 

III. RELIABILITY PROGRAMS 

Linear Technology Corporation currently offers the following Reliability Programs: 


A. JAN QPL devices. 

B. DESC drawings. 

C. MIL-STD-883, Level B, latest revision for all military temperature range devices. 

D. “R-Flow” Burn-In Program for commercial temperature range devices. Consult Factory regarding burn-in program. 

E. Radiation Hardened (RH) products. 

IV. PART NUMBER EXPLANATION 

XXX XXXX X X J/883B 


Screening to MIL-STD-883, Level B, latest revision 

Package Style (see Cross Reference on Page 14-3) 

Temperature Range 
M for Military 
I for Industrial 
C for Commercial 
X for 200°C Extended Range* 

Letter indicates electrical grade of part 


Generic or Product Part Number 


Designator 

LF, LM, OP, REF, and SG are second source devices 
LT are improved or proprietary devices 
LTC indicates proprietary CMOS devices 
RH indicates LTC’s radiation hardened devices 


V. PACKAGE SUFFIX EXPLANATION 
Letter 

Designator Description 

D8 8-Lead Side Brazed Hermetic DIP 

D 14, 16, 18, 20, and 24-Lead Side 
Brazed Hermetic DIP 
F 20-Lead Molded TSSOP 

G 20, 28-Lead Molded SSOP 

H Multi-Lead Metal Can 

J8 8-Lead Ceramic DIP 

J 14, 16, 18, and 20-Lead Ceramic DIP 

K TO-3 Metal Can (Steel) 

M 3-Lead DD package Molded 

N8 8-Lead Molded DIP 

N 14, 16, 18, 20, 24, and 28-Lead Molded DIP 

P 3-Lead TO-3P Molded 

Q 5-Lead DD package Molded 

R 7-Lead DD package Molded 


Letter 

Designator Description 

S8 8-Lead Small Outline (SO) package (Note 1) 
S 14, 16, 18, 20, 24, and 28-Lead Small 
Outline (SO) package (Note 1 , 2) 

ST SOT-223 Molded 

T 3 and 5-Lead TO-220 Molded 

W 10-Lead Flatpack (Cerpak) 

Y 7-Lead TO-220 Molded 

Z 3-Lead TO-92 Molded 

Note 1: Pinout and electrical specifications may differ from standard 

commercial grade N8 package. See SO data sheet for specific 
information. 

Note 2: These devices are delivered in either 150 MIL (SO) or 300 MIL 

(SO-L) wide packages depending on device die size. See specific 
SO data sheet for pin counts and package dimensions. 
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ALTERNATE SOURCE CROSS 
REFERENCE GUIDE 


P/N LTC DIRECT REPL 

P/N LTC DIRECT REPL 

P/N LTC DIRECT REPL 

P/N LTC DIRECT REPL 

AD101A LM101A 

AD232 LT1081* 

AD235 LT1130A** 

AD237 LT1138A** 

AD238 LT1139A** 

AD239 LT1137A** 

AD241 LT1137A** 

AD381 LT 1 022** 

AD510 LT1001* 

AD517 LT1001** 

AD518 LM1 18** 

LT118A** 

AD524 LT1101** 

AD536 LT 1 088** 

AD580 LT580 

AD581 LT581 

LT1031** 

AD586 LT 1 027* 

AD589 LT1034** 

AD636 LT 1 088** 

AD637 LT 1 088** 

AD642 LT 1 057** 

AD647 LT 1 057** 

AD704 LT1114* 

AD705 LT 1 097 

AD706 LT1112* 

AD707 LT 1 097 

AD711 LT 1 056** 

AD712 LT 1 057** 

AD713 LT 1 058** 

AD736 LT 1 088** 

AD737 LT 1 088** 

AD743 LT1113* 

AD744 LT1122 

AD790 LT1016** 

AD810 LT1252** 

AD811 LT 1 252** 

AD813 LT 1 260** 

AD817 LT 1 360* 

AD818 LT 1 363 

AD821 LT 1 006** 

AD822 LT1169* 

AD824 LT1014** 

AD826 LT1361* 

AD827 LT1229** 

AD828 LT 1 364* 

AD840 LT1222** 

AD841 LT1220** 

AD842 LT1221** 

AD844 LT 1 223** 

AD845 LT1122 

AD846 LT1223** 

AD847 LT 1 360 

AD848 LT1192** 

AD849 LT 1 226 

LT1192 

AD7306 LT1318** 

AD7572 LTC 1272** 

AD7579 LTC1091** 

AD7580 LTC 1092** 

AD7820 LTC 1099* 

AD7821 LTC1096/ 

LTC 1098** 

AD7870 LTC1275** 

AD7875 LTC 1273** 

AD7876 LTC 1276** 

AD7883 LTC 1282** 

AD7890 LTC1290** 

AD7892-1 ,2 LTC 1278-5** 

AD7892-3 LTC1279** 

AD9617 LT1223 

AD9618 LT1223 

AD9686 LT1016** 

ADC0820 LTC1099* 

ADC0832 LTC 1098* 

ADC08061 LTC1198** 

ADC08231 LTC1196 

ADC1031 LTC1091** 

ADC 1034 LTC 1093** 

ADC 1038 LTC 1094** 

ADG201A LTC201A 

ADG202 LTC202 

ADG221 LTC221 

ADG222 LTC222 

ADOP07 OP07 

LT1001* 

ADOP27 OP27 

LT 1 007* 

ADS7800 LTC1276** 

ADS7803 LTC1293** 

ADS7804 LTC1 272-8** 

CLC406 LT 1 227** 

CLC414 LT 1 252 

CLC415 LT 1 230 

CLC430 LT 1 206** 

CLC520 LT1228** 

CLC532 LT 1 203** 

CMP01 LT1011** 

CMP02 LT1011** 

DAC8512 LTC 1257** 

DG201A LTC201 

DG202 LTC202 

DS1232 LTC 1232 

DS14C335 LT1331** 

DS3695 LTC485* 

EL2020 LT 1 223* 

EL2028 LT 1 220 

EL2029 LT1221 

EL2030 LT 1 223 

EL2038 LT 1 222 

EL2039 LT 1 222 

EL2040 LT 1 222 

EL2041 LT 1 220 

EL2044 LT 1 252** 

EL2045 LT 1 363* 

EL2082 LT 1 228** 

EL2090 LT1228** 

EL2099 LT 1 206** 

EL2120 LT1 1 91 ** 

LT 1 223** 

LT 1 227** 

EL2130 LT1227** 

EL2210 LT1361* 

EL2211 LT 1 364* 

EL2224 LT 1 229** 

LT 1 208** 

EL2232 LT 1 229** 

EL2242 LT 1 229** 

LT 1 358* 

EL2244 LT1361* 

EL2245 LT 1 364* 

EL2260 LT 1 229 

EL2444 LT 1 362 

EL2445 LT 1 254** 

EL2460 LT 1 230 

EL4089 LT1228** 

EL4393 LT1260** 

EL4094/5 LT 1 256** 

GT4123 LT 1 256** 

GY4102 LT 1 203** 

GX4314 LT 1 205** 

HA2500 LT 1 220 

HA2502 LT 1 220 

HA2505 LT 1 220 

HA2510 LT118A** 

LM118** 

HA2512 LT118A** 

LM118A** 

HA2515 LT318A** 

LM318** 

HA2520 LT 1 220 

HA2541 LT 1 220 

HA2544 LT 1 224 

HA5004 LT 1 223 

HA5 130-2 OP07A 

LT1001 AM* 

HA5130-5 OP07E 

LT1001C* 

HA5 135-2 OP07 

LT1001M* 

HA5135-5 OP07C 

LT1001C* 

HAOP07 OP07 

LT1001M* 

HAOP07A OP07A 

LT1001 AM* 

HAOP07C OP07C 

LT1001C* 

HAOP07E OP07E 

LT1001C* 

HI 58 10 LTC 1272-8 

ICL232 LT1081 

ICL7650 LTC 1050* 

LTC 1052** 

ICL7652 LTC7652 

LTC 1052* 

ICL7660 y LTC 1044* 

LTC 1054** 

ICL7662 LTC1144* 

ICL8069C LM385-1 .2 

LT1004C-1.2* 
ICL8069M LM185-1.2 

LT1004M-1 .2* 
ISO150 LTC 1 145** 

LF155 LF155 

LT1055M* 

LF155A LF155A 

LT 1055AM* 

LF156 LF156 

LT1056M* 

LT1022M* 

LF156A LF156A 

LT1 056AM* 

LT1 022AM* 

LF198 LF198 

LF198A LF198A 

LF355A LF355A 

LT1055AC* 

LF356A LF356A 

LT1056AC* 

LT1022AC* 

LF357 LT 1 022* 

LF398 LF398 

LF398A LF398A 

LF400 LT1122DC 

LT1122CC 

LF400A LT1122BC 

LT1122AC 

LH0002 LT1010M** 

LH0044 LT1001M* 

LH0070 LH0070 

LT 1 031 M* 

LH2108 LH2108 

LH2108A LH2108A 

LM10 LM10 

LM10B LM10B 

LM10C LM10C 

LM101A LM101A 

LM107 LM107 

LM108 LM108 

LT1008M* 

LM108A LM108A 

LT1008M* 

LM111 LM111 

LT111A* 

LT1011M* 

LM112 LT1012M* 

LM113 LT1004M-1 .2* 

LM117 LM117 

LT117A* 

LM117HV LM117HV 

LT117AHV* 

LM118 LM118 

LT118A* 

LM119 LM119 

LT119A* 

LM123 LM123 

LT123A* 

LT1003M* 

LM124 LT1014M* 

LM129A LM129A 

LM129B LM129B 

LM129C LM129C 

LM133 LT1033M* 

LM134 LM134 

LM 134-3 LM 134-3 

LM 134-6 LM 134-6 

LM1 36-2.5 LT1 36-2.5 

LT1009M* 

LM 136-5 LT1029M** 

LM136A LM136A 

LT1009M* 

LM137 LM137 

LT137A 

LT1033M** 

LM137HV LM137HV 

LT137AHV* 

LM138 LM138 

LT138A* 

LM148 LT1014M* 

LM150 LM150 

LT150A* 

LM158 LT1013M* 

LM168BY-5.0 LT1019M-5** 

LM168BY-10.0 LT1019M-10** 
LM185-1 .2 LM 185- 1.2 

LT1004M-1 .2* 

LM 185-2.5 LM 185-2.5 

LT 1 004M-2.5* 

LM185BX-1.2 LT1034BM-1.2* 

LM185BX-2.5 LT1034BM-2.5* 

LM185BY-1.2 LT1034M-1.2* 

LM185BY-2.5 LT1034M-2.5* 

LM196 LT1038M** 

LM199 LM199 

LM199A LM199A 

LM199A-20 LM199A-20 

LM234-3 LM234-3 

LM234-6 LM234-6 

LM308A LM308A 

LT1008C* 

LM311 LM311 

LT311A* 

LT1011C* 

LM318 LM318 

LT318A* 

LM319 LM319 

LT319A* 

LM323 LM323 

LT323A* 

LT1003C** 

LM329A LM329A 

LM329B LM329B 

LM329C LM329C 

LM329D LM329D 


* LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications. 

** Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications. 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 


P/N 

LTC DIRECT REPL 

P/N 

LTC DIRECT REPL 

P/N 

LTC DIRECT REPL 

P/N 

LTC DIRECT REPL 

LM333 

LT1033C* 

MAX400 

LT1001 

MX7572 

LTC 1272* 


LT1055C* 

LM333A 

LT1033C 

MAX420 

LTC1150* 

MX7820 

LTC1099* 

PM356A 

LF356A 

LM334 

LM334 

MAX422 

LTC1150** 

OPA27 

OP27 


LT1056C* 

LM336-2.5 

LM336 

MAX430 

LTC1150 


LT 1 007* 

PM1008 

LT 1 008 


LT1009C* 

MAX432 

LTC 1150** 

OPA37 

OP37 

PM1012 

LT1012 

LM336-5 

LT1029C* 

MAX441 

LT1204** 


LT 1 037* 

PM 1558 

LT1013M* 

LM336B-2.5 

LM336B 

MAX454 

LT 1 204** 

OPA177 

LT1001A 

PM2108 

LH2108 


LT1009C* 

MAX478 

LT1178 


LT1097 

PM2108A 

LH2108A 

LM338 

LM338 

MAX479 

LT1179 

OPA404 

LT 1216** 

REF01 

REF01 


LT338A* 

MAX480 

LT 1 077* 

OPA603 

LT 1 252 


LT1019-10* 

LM350 

LM350 

MAX481 

LTC 1481 

OPA620 

LT1227** 


LT1021-10** 


LT350A* 

MAX485 

LTC485 

OPA1013 

LT1013 

REF02 

REF02 

LM368-5.0 

LT1019AC-5* 

MAX487 

LTC 1487* 


LT1211 


LT1019-5* 

LM368-10.0 

LT1019C-10** 

MAX538 

LTC1257** 

OPA2107 

LT1169** 


LT1021-5** 

LM368Y-5.0 

LT1019AC-5* 

MAX539 

LTC1257** 

OPA2111 

LT 1 1 69** 

REF03 

LT1 01 9-2.5* 

LM368Y-10.0 

LT1019C-10** 

MAX560 

LT1331** 

OPA2604 

LT 1 1 24** 

REF43 

LT1019A-2.5* 

LM385-1 .2 

LM385-1 .2 

MAX561 

LTC1327** 

OP04 

LT1013* 

REF101 

LT1019-10 


LT1004C-1 .2* 

MAX630 

LT 1 1 73** 

OP05 

OP05 


LT1021-10 

LM385-2.5 

LM385-2.5 

MAX631 

LT1 173-5** 


LT1001 

REF102 

LT1019-10 


LT1004C-2.5* 

MAX632 

LT1 173-12** 

OP07 

OP07 


LT1021-10 

LM385BX-1 .2 

LT1034BC-1 .2* 

MAX633 

LT 1 1 73** 


LT1001 

REG1117 

LT1 11 7-2.85 

LM385BX-2.5 

LT1034BC-2.5* 

MAX634 

LT1173** 

OP10 

LT 1 002 

SGI 524 

SGI 524 

LM385BY-1 .2 

LT1034C-1.2* 

MAX635 

LT1 173-5** 

OP11 

LT1014* 


LT 1 524* 

LM385BY-2.5 

LT1034C-2.5* 

MAX636 

LT1 173-12** 

OP12 

LT1012 

SGI 525 A 

SG1525A 

LM396 

LT1038C** 

MAX637 

LT1173** 

OP14 

LT1013** 


LT1525A* 

LM399 

LM399 

MAX638 

LT1 173-5** 

OP1 5 

OP15 

SGI 526 

LT1 526 

LM399A 

LM399A 

MAX639 

LTC 1174* 


LT 1 055* 

SG1527A 

SG1527A 

LM399A-20 

LM399A-20 

MAX 641 

LT1 173-5** 

OP1 6 

OP16 


LT1527A* 

LM399A-50 

LM399A-50 

MAX642 

LT1 173-12** 


LT 1 056* 

SGI 558 

LT1013M* 

LM1524 

SGI 524 

MAX643 

LT1173** 

OP27 

OP27 

SG3524 

SG3524 


LT 1 524* 

MAX654 

LT1 073-5 


LT 1 007* 


LT3524* 

LM2575 

LT1076** 

MAX655 

LT1 173-5** 

OP37 

OP37 

SG3525A 

SG3525A 

LM2575N 

LT1176 

MAX656 

LT1 073-5** 


LT 1 037* 


LT3525A* 

LM2576 

LT1074** 

MAX657 

LT 1 073** 

OP42 

LT 1 1 22* 

SG3526 

LT3526 

LM2577 

LT1071** 

MAX658 

LT1 108-5** 

OP77 

LT1001 

SG3527A 

SG3527A 

LM2935 

LT1005** 

MAX659 

LT1 108-5** 


LT 1 097* 


LT3527A* 

LM2940 

LT 1 086** 

MAX660 

LT1054** 

OP97 

LT1012 

SN75172 

LTC486* 

LM3524 

SG3524 

MAX662 

LTC 1262* 


LT 1 097* 

SN75174 

LTC487* 


LT3524* 

MAX667 

LT1129** 

OP177 

LT1001 

SN75176 

LTC485* 

LM6181 

LT 1 227** 

MAX680 

LT 1 026 

OP207 

LT 1 002 

SN75186 

LT1134** 

LM6218 

LT1203** 

MAX690 

LTC690 

OP215 

OP215 

SP301 

LTC1321* 

LM6361 

LT1195** 

MAX691 

LTC691 


LT 1 057 

SP302 

LTC 1322* 

LP2950-5 

LT1117-5** 

MAX692 

LTC692* 

OP220 

LT1078* 

TL431A 

LT1431* 

LP2951 

LT1121** 

MAX693 

LTC693* 

OP221 

LT1013* 

TLC2543 

LTC 1296 

I0.A96172 

LTC486 

MAX694 

LTC694 

OP227 

OP227 

TSC04 

LT1004-1.2 

|iA96174 

LTC487 

MAX695 

LTC695 

OP270 

OP270 

TSC05 

LT1 004-2.5 

HA96176 

LTC485 

MAX699 

LTC699 


LT1124* 

TSC170 

LT3846** 

MAXI 20 

LT1 278-5** 

MAX741 D 

LTC1147** 

OP290 

LT 1 078** 

TSC171 

LT3847** 

MAXI 22 

LTC 1276** 

MAX741U 

LT1171** 

OP297 

LT1112* 

TSC232 

LT1080** 

MAXI 53 

LTC1198** 


LT1172** 

OP400 

LT1014* 


LT1081** 

MAX 162 

LTC 1273* 

MAX756 

LT1 303-5** 


LT1114* 

TSC911 

LTC 1050* 

MAXI 63 

LTC1273* 

MAX757 

LT 1 303** 

OP420 

LT 1 079* 

TSC913 

LT1078** 

MAXI 64 

LTC 1275* 

MAX873 

LT1 01 9-2.5 

OP421 

LT1014* 


LTC 1051* 

MAXI 65 

LTC1198** 

MAX875 

LT 1 01 9-5 

OP467 

LT 1 359* 

TSC914 

LT1079** 

MAXI 67 

LTC1275** 


LT 1 021 -5 

OP470 

OP470 


LTC 1053* 

MAXI 72 

LTC 1272* 


LT 1 027 


LT1125* 

TSC918 

LTC7652** 

MAX202 

LT1381* 

MAX876 

LT1 019-10 

OP490 

LT 1 079** 

TSC962 

LTC 1046** 

MAX207 

LT1138A** 


LT1021-10 

OP497 

LT1114* 

TSC7650 

LTC 1050* 

MAX211 

LTC 1337** 

MAXI 232 

LTC 1232 

PM108 

LM108 

TSC7652 

LTC7652 

MAX212 

LTC 1348** 

MAX9686 

LT1016 


LT1008M* 


LTC 1052 

MAX220 

LT1281A** 

MC78T05 

LM323T 

PM108A 

LM108A 

TSC7660 

LTC 1044* 

MAX222 

LT1280A* 


LT323AT* 


LT1008M* 

TSC9491 

LT1004-1.2 

MAX223 

LT 1 237 

MC1400AU2 

LT1019CN8-2.5** 

PM 155 

LF155 

TSC9495 

REF02 

MAX232A 

LT1281A* 

MC1400AU5 

LT1019CN8-5** 


LT1055M* 


LT1019M-5 

MAX235A 

LT1130A** 

MC1400AU10 

LT1019CN8-10** 

PM155A 

LF155A 


LT1021-5** 

MAX237A 

LT1138A** 

MC1400U2 

LT1019CN8-2.5* 


LT1055M* 

TSC9496 

REF01 

MAX238A 

LT1139A** 

MC1400U5 

LT1019CN8-5* 

PM156 

LF156 


LT1021-10** 

MAX239A 

LT1 I37A** 

MC1400U10 

LT1019CN8-10* 


LT1056M* 

UC117 

LM117 

MAX241A 

LT1136A** 

MCI 558 

LT1013M* 

PM156A 

LF156A 


LT117A* 


LT1137A** 

MCI 45406 

LT1039-16* 


LT1056M* 

UC137 

LM137 

MAX242 

LTC 1384* 

MC34166 

LT1074 

PM308A 

LM308A 


LT137A* 

MAX280 

LTC 1062 

MF5 

LTC 1059* 


LT1008C* 


LT1033M** 

MAX281 

LTC 1065** 

MF10 

LTC 1060 

PM355A 

LF355A 

UC150 

LM150 




LTC 1060* 




LT150A* 


*LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications. 

** Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications. 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 


P/N LTC DIRECT REPL 

P/N LTC DIRECT REPL 

P/N LTC DIRECT REPL 

P/N LTC DIRECT REPL 

UC317 LM317 

LT317A* 

UC337 LM337 

LT337A* 

LT1033C** 

UC350 LM350 

LT350A* 

UC1524 SGI 524 

LT 1 524* 

UC1525A SG1525A 

LT1525A* 

UC1527A SG1527A 

LT1527A* 

UC1846 LT 1 846 

UC1847 LT 1 847 

UC2525A SG3525A 

LT3525A* 

UC3524 SG3524 

LT3524* 

UC3527A SG3527A 

LT3527A* 

UC3842 LT 1 242* 

UC3843 LT 1 243* 

UC3844 LT 1 244* 

UC3845 LT 1 245* 

UC3854 LT 1 248* 

! 




*LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications. 

** Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications. 
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TECHNOLOGY 


INDEX 


SECTION 2— AMPLIFIERS 

INDEX 2-2 

SELECTION GUIDES 2-3 

PROPRIETARY PRODUCTS 

PRECISION OPERATIONAL AMPLIFIERS 2-11 

LT1028/LT1128, Ultra Low Noise Precision High Speed Op Amps 2-12 

LT1112/LT1114, Dual/Quad Low Power Precision , Picoamp Input Op Amps 2-29 

LT1113 , Dual Low Noise, Precision, JFET Input Op Amps .. 2-40 

LT1169, Dual Low Noise, Picoampere Bias Current, JFET Input Op Amp 2-55 

LT1178S8, 20/jA Max, Dual SO-8 Package, Single Supply Precision Op Amp 2-67 

LT1413, Single Supply, Dual Precision Op Amp 2-68 

LT1457, Dual, Precision JFET Input Op Amp . 2-76 

HIGH SPEED AMPLIFIERS 2-83 

LT1122, Fast Settling, JFET Input Operational Amplifier 2-84 

LT1187, Low Power Video Difference Amplifier 2-92 

LT1189, Low Power Video Difference Amplifier 2-104 

LT1195, Low Power, High Speed Operational Amplifier 2-116 

LT1201/LT1202, Dual and Quad 1mA, 12MHz, 50V /ps Op Amps 2-127 

LT1206, 250mA/60MHz Current Feedback Amplifier 2-137 

LT1208/LT1209, Dual and Quad 45MHz, 400V/ps Op Amps 2-150 

LT1211/LT1212, 14MHz, 7 V//js, Single Supply Dual and Quad Precision Op Amps 2-160 

LT1213/LT1214, 28MHz, 12V/us, Single Supply Dual and Quad Precision Op Amps 2-176 

LT1215/LT1216, 23MHz, 50V /ps, Single Supply Dual and Quad Precision Op Amps 2-192 

LT1227, 140MHz Video Current Feedback Amplifier 2-208 

LT1251/LT1256, 40MHz Video Fader and DC Gain Controlled Amplifier 2-219 

LT1252, Low Cost Video Amplifier 2-242 

LT1253/LT1254, Low Cost Dual and Quad Video Amplifiers 2-249 

LT1259/LT1260, Low Cost Dual and Triple 130MHz Current Feedback Amplifiers with Shutdown 2-256 

LT1354, 12MHz, 400V/ps Op Amp 2-267 

LT1355/LT1356, Dual and Quad 12MHz, 400V/ps Op Amps 2-278 

LT1357, 25MHz, 600V /ps Op Amp 2-289 

L T1358/L T1359, Dual and Quad 25MHz, 600V /ps Op Amps 2-300 

LT1360, 50MHz, 800V/ps Op Amp 2-311 

LT1361/LT1362, Dual and Quad 50MHz, 800V/ps Op Amps 2-322 

LT1363, 70MHz, lOOOV/ps Op Amp 2-333 

LT1364/LT1365, Dual and Quad 70MHz, lOOOV/ps Op Amps 2-344 

ZERO DRIFT OPERATIONAL AMPLIFIERS 2-355 

LTC1151, Dual ±15V Zero-Drift Operational Amplifier 2-356 

LTC1152, Rail-to-Rail Input Rail -to- Rail Output Zero- Drift Op Amp . 13-7 

L TCI 250, Very Low Noise Zero-Drift Bridge Amplifier 2-364 

MULTIPLEXERS 2-373 

LT1203/LT1205, 150MHz Video Multiplexers 2-374 

LT1204, 4-Input Video Multiplexer with 75MHz Current Feedback Amplifier 2-389 
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u\m 




OP AMPS 


Precision 


Low Power 



Zero Drift 


LTC1047 (D.IOjiV) 
LTC1049 (S,10pV) 
LTC1050 (S. 5fj.V) 
LTC1051 (D, 5 jiV) 
LTC1052 (S, 5p.V) 
LTC1053 (Q, 5pV) 
LTC1150 (S, 5|iV) 
LTC1151 (D, 5pV) 
LTC1152 (S,10fiV) 
LTC1250 (S, 10pV) 


Bipolar 


Zero Drift 


LTC1047 (D, 50pA) 
LTC1049 (S, 50pA) 
LTC1050 (S, 30pA) 
LTC1051 (D, 50pA) 
LTC1052 (S, 30pA) 
LTC1053 (Q, 50pA) 
LTC1150 (S, lOOpA) 
LTC1151 (D, lOOpA) 
LTC1152 (S, lOOpA) 


Bipolar 


LT1007 (S, 3.8nV/VHz) 
LT1028 (S, I.InV/VHz) 
LT1037 (S, 3.8nV/Vfiz) 
LT1113 (D, 6nVA/Hz)_ 
LT1115 (S, I.InV/VHz) 
LT1124 (D, 4.2nV/VHz) 
LT1125 (Q, 4.2nVA/Hz) 
LT1126 (D, 4.2nV/VHz) 
LT1127 (Q, 4.2nVA/Hz) 
LT1128 (S, I.InV/VHz) 


LT1006 (S, 1 M) 
LT1007 (S, 7M) 
LT1012 (S, 300k) 
LT1013 (D, 1.5M) 
LT1014 (Q, 1.5M) 
LT1028 (S, 7M) 
LT1037 (S, 7M) 
LTC1049 (S, 3M) 
LTC1050 (S,3M) 
LTC1051 (D, 1 M) 
LTC1052 (S, 3M) 
LTC1053 (Q,1M) 
LT1077 (S, 1 M) 
LT1078 (D, 1 M) 


LT1079 (Q,1M) 
LT1097 (S, 700k) 
LT 1112 (D, 5M) 
LT 1113 (D, 1.2M) 
LT 1114 (Q, 5M) 
LT1115 (S, 7M) 
LT1124 (D, 5M) 
LT1125 (Q, 5M) 
LT 1 1 26 (D, 5M) 
LT1127 (D, 5M) 
LT 1 1 28 (S, 7M) 
LTC1152 (S,3M) 
LT1169 (D, 1.2M) 
LT1413 (D, 1.5M) 


LT1 001 (S, 25pV) LT1 077 (S, 40 pV) 
LT1 002 (D, 60p.V) LT1 078 (S, 40pV) 

LT1 006 (S, 50|iV) LT1 079 (Q, 7Q\i\l) 
LT1 007 (S, 25(iV) LT1 097 (S, 50pV) 
LT1008 (S, 1 20(xV) LT1112 (D, 60pV) 
LT1 01 2 (S, 25pV) LT1 1 1 4 (Q, 60pV) 
LT1 024 (D, 50nV) LT1 1 24 (D, 70pV) 
LT1 028 (S, 40pV) LT1 1 25 (Q, 1 0OpV) 

LT1413 (D, 60pV) 


LT1 008 (S, 1 0OpA) LT1 097 (S, 250pA) 
LT1 01 2 (S, 1 0OpA) LT1 1 1 2 (D, 1 80pA) 
LT1 022 (S, 50pA) LT1 1 1 3 (D, 320pA) 
LT1024 (D, 120pA) LT1114 (Q, 180pA) 
LT1055 (S, 50pA) LT1 122 (S, 75pA) 
LT1 056 (S, 50pA) LT1 1 69 (S, 20pA) 
LT1 057 (D, 50pA) LT1457 (D, 75pA) 

LT1058 (Q, 50pA) 



LT1006 (S, 520pA) LT1078 (D, lOOpA) 
LT1 01 3 (D, 1 mA) LT1 079 (Q, 200pA) 
LT1014 (Q, 2mA) LT1178 (D, 36pA) 
LTC1 047 (S, 55(iA) LT1 179 (Q, 72pA) 
LTC1049 (S, 300pA) LT1413 (D, 330pA) 
LT1077 (S, 60pA) 



LT1006 (S, 5 OnV, 520|iA) 
LT 1013 (D, 150pV,1mA) 
LT1014 (Q, 180jiV, 2mA) 
LTC1049 (S, 10^V, 300mA) 
LT1112 (D, 60pV, 800pA) 
LT1114 (Q, 60^V, 1.6mA) 
LTC1152 (S, IOjiV, 1.2mA) 
LT1413 (D, 280p.V, 0.9pA) 


Video 


LTC1047 (D, 10fiV, 55^A) 
LT1077 (S, 40p.V,60(xA) 
LT1078 (D, 70|iV, lOOpA) 
LT1079 (Q, lOOfiV, 200jnA) 
LT1178 (D, 70pV, 36pA) 
LT1179 (Q, 100|iV, 72pA) 


LT1211 (D, 150(iV, 14MHz) 
LT1212 (Q, 275pV, 14MHz) 
LT1213 (D, 150p.V, 28MHz) 
LT1214 (Q, 275(iV, 28MHz) 
LT1215 (D, 300(jiV, 23MHz) 
LT1216 (Q, 450pV, 23MHz) 


Non-Video 


Low Power 


LT 1 1 22 (S, 80V/ns) 

LT 1 1 87 (S, 1 65V/|iS) 
LT1189 (S,165V/|is) 
LT 1190 (S, 450V/ps) 
LT1191 (S, 450V/|is) 
LT 1192 (S, 450V/ps) 
LT 1193 (S, 500V4is) 
LT 1194 (S, 500V/ps) 
LT1195 (S, 1 65V/|0.S) 
LT1200 (S, 50V/fiS) 
LT1201 (D, 50V/ps) 
LT1202 (Q, 50V/ps) 
LT1204 (S, 1000V/(Lts)' 
LT1206 (S, 900V/p.s)* 
LT1208 (D, 400V/(is) 
LT1209 (Q, 400V/(xs) 
LT1215 (D, 50V/ps) 
LT1216 (Q, 50V/|xS) 
LT1220 (S, 250V/ns) 
LT1221 (S, 250V/(i.s) 
LT1222 (S, 200V/ns) 
LT1223 (S, 1000V/|is)’ 


LT1224 (S, 400Wns) 
LT1225 (S, 400V/ps) 
LT1226 (S, 400V/p.s) 
LT1227 (S, IIOOV/jis) 
LT1229 (D, 1000V/ps)’ 
LT1230 (Q,1000V/ps)’ 
LT1252 (S, 250V/fis)* 
LT1253 (D, 250V/|xs)* 
LT1254 (Q, 250V/|iS)* 
LT1354 (S, 400V/(xs) 
LT 1 355 (D, 400V/HS) 
LT1356 (Q, 400V/ns) 
LT1357 (S, 600V/(xs) 
LT1358 (D, 600V/fiS) 
LT1359 (Q, 600V/(is) 
LT1360 (S, 800V/(is) 
LT1361 (D, 800V/HS) 
LT1362 (Q, 800V/^s) 
LT1363 (S, 1000V/(JS) 
LT1364 (D, 1 0OOV/jxs) 
LT1365 (Q, lOOOV/ps) 


LT1187 (S, 50MHz) 
LT 1 1 89 (S, 35MHz) 
LT 1 1 90 (S, 50MHz) 
LT1191 (S, 90MHz) 
LT1192 (S, 40MHz) 
LT1193 (S, 70MHz) 
LT 1 1 94 (S, 40MHz) 
LT1195 (S, 50MHz) 
LT1204 (S, 70MHz)* 
LT1206 (S, 60MHz)* 
LT1223 (S, 100MHz)* 
LT1227 (S, 140MHz)* 
LT1229 (D, 100MHz)' 


LT1230 (Q, 100MHz)* 
LT1252 (S, 100MHz)* 
LT1253 (D, 90MHz)* 
LT1254 (Q, 90MHz)* 
LT1259 (D, 130MHz)* 
LT1260(T, 130MHz)* 
LT1360 (S, 50MHz) 
LT1361 (D, 50MHz) 
LT1362 (Q, 50MHz) 
LT1363 (S, 70MHz) 
LT1364 (D, 70MHz) 
LT1365 (Q, 70MHz) 


LT1220 (S, 45MHz) 
LT1221 (S, 37MHz) 
LT1222 (S, 50MHz) 
LT1224 (S, 45MHz) 
LT1225 (S, 30MHz) 
LT1226 (S, 40MHz) 
LT1208 (D, 45MHz) 
LT1209 (Q, 45MHz) 
LT1358 (D, 25MHz) 
LT1359 (Q, 25MHz) 



LT1200(S, 1mA, 10MHz) 
LT1201 (D, 1mA, 11MHz) 
LT1202 (Q, 1mA, 11MHz) 
LT1217 (S, 1mA, 10MHz)* 
LT1354 (S, 1mA, 12MHz) 
LT1355 (D, 1mA, 12MHz) 
LT1356 (Q, 1mA, 12MHz) 


‘Current feedback amplifier 


LT1101 LTC1100 LT 1 1 02 
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HIGH SPEED AMPLIFIERS 


HIGH SPEED 

I 


Color, B/W Video and Multimedia 

■ Frame Grabbers 

■ Video Gain Blocks 

■ Video Cable Drivers 

■ Building Security 

■ Video MUXs 

■ Image Recognition 

■ Cable Tappers 

■ Video Keyer/Fader 


Instrumentation and Data Acquisition 

■ Fast DAC Amplifiers 

■ RADAR 

■ Signal Processing 

■ Fiber-Optic Systems 

■ RF Amplification 

■ Copiers/Laser Printers 


Lowest Offsets, 
Lowest Bias Current 


Single Supply, DC Precision 

■ Low Vos with High Bandwidth/Slew Rate 
(150pVMax, A-Grades) 

« Single Supply 3.3V, 5 V or Dual +15V 
Operation 

« Low Power (1.3mA/Amp): LT1211/12 
p Fast Settling to 0.01%, 250ns, 2 V Step: 
LT1215/16 

■ SO-8 (Duals) and 0.150" SO-16 (Quads) 


BW 

(Typ) 

MHz 


SR V 0S $ 

(Typ) (Max) (100’s) 
V/gs pV 


LT1211 (D) 14 
LT1212 (Q) 14 
LT1213 (D) 28 
LT1214 (Q) 28 
LT1215 (D) 23 
LT1216 (Q) 23 


7 150/275 3.40 

7 275 6.10 

12 150/275 3.40 
12 275 6.10 

50 300/450 4.10 
50 450 7.40 


Voltage Feedback Op Amps 

■ 90ns Settling Time to 0.1%: LT1220, 
LT1226. 

■ ImV Max V os , 300nA Max l B : LT1 220/1/2 

■ 12-Bit Accurate: LT1 220/1/2. 

■ 10-Bit Accurate: LT1 225/6 



BW 

(Typ) 

MHz 

Vos 

(Max) 

mV 

Av 

(Min) 

V/V 

$ 

(100’s) 

LT1220 

45 

1 

1 

3.85 

LT1221 

37 

1 

4 

3.85 

LT1222 

50 

1 

10 

3.85 

LT1225 

30 

1 

5 

2.85 

LT1226 

40 

1 

25 

2.85 


(D) = Dual, (Q) = Quad 


Fastest Slew Rate, 

Fastest Settling | 




Dual Supplies, 
Largest Bandwidth 


±5V, or Single 5V 
Supplies, Lowest Cost 


NEW AMPLIFIER ARCHITECTURE! 

Voltage Feedback Op Amps with 
Current Feedback Speed 

■ Low Supply Current/Amplifier (1mA): LT1 355/6 

■ Very High Slew Rate (lOOOV/ps): LT1363 

■ Low Vqs (0.6mV Maximum): LT1 358/9 

■ Low Power (6mA/Amplifier for lOOOV/ps Slew Rate) 

■ Fast Settling (80ns to 0.01%, 50ns to 0.1%, 10V Step) 


Single 

Dual 

Quad 

BW 

MHz 

SR 

V/gs 

Is/Amp 

(mA) 

$(100’s) 
(Dual Amp) 

LT 1 354 

LT1355 

LT1356 

12 

400 

1 

3.95 

LT1357 

LT1358 

LT1359 

25 

600 

2 

4.10 

LT1360 

LT1361 

LT1362 

50 

800 

4 

3.50 

LT1363 

LT1364 

LT1365 

70 

1000 

6 

3.80 


Current Feedback Amps 

■ Bandwidth Independent of Gain 1 

■ “Shutdown” Feature: LT1217, LT1223, 

LT1227. | 

■ Single Supply Operation/Best for Video: 

LT1227, LT1229, LT1230. \ 

■ 12-Bit Accurate: LT1223 

■ Low Power (ls=1 mA): LT1 21 7 

■ Lowest Cost: LT1 252/3/4 

■ Operates on ±2 V to ±15V Supplies* 

* LT1 223 & LT1 21 7 Min Supply Voltage = ±5V 1 


BW 

(Typ) 

MHz 

SR 

(Typ) 

V/gs 

Vos $ 

(Max) (100’s) 
mV 

LT1227 140 

1100 

10 

2.45 

LT1223 100 

1300 

3 

2.85 

LT1229 (D) 100 

1000 

10 

3.95 

LT1230 (Q) 100 

1000 

10 

7.25 

LT1217 10 

500 

3 

3.25 

LT1252 100 

250 

15 

1.75 

LT1 253(D) 90 

250 

15 

2.49 

LT1254 (Q) 90 

250 

15 

4.49 


Low Cost Video Op Amps 

■ Specified Operation with ±5V and Single 
5 V Supplies 

■ Color Video Performance 

■ “Shutdown” Feature: LT1 190/1/2 

■ Directly Drives Cables: 50mA Iout 

■ 450V/ps Slew Rate 

■ Low Power: LT1195 


BW SR A v $ 

(Typ) (Typ) (Min) (100's) 
MHz V/ps WV 


LT1190 

50 

450 

1 

1.65 

LT1191 

90 

450 

1 

1.65 

LT1192 

350 

450 

5 

1.65 

LT1195 

50 

165 

1 

1.65 
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VIDEO AND MULTIMEDIA PRODUCTS 


Video Products 


In addition to high speed amplifiers, LTC offers the following products tailored to video, multimedia and computer graphics applications. 


Low Cost Dual/Triple 130MHz 
CFAs with Shutdown 

■ LT1260: Triple CFA for RGB Video, $4.49 

■ LT1259: Dual CFA with Shutdown, $3.95 

■ 90MHz Bandwidth on ±5V 

■ 0.1 dB Gain Flatness, 30MHz: Good for HDTV 

■ 1600V/ps Slew Rate 

■ ±2V to ±1 5V Supply Range 

■ 1 00ns/40ns Turn On/Off Times 

■ Makes 2 or 3 Input MUX Amp 

■ Low Supply Current (5mA/Amp) 

■ Narrow SOIC Packages 


±5V Video Difference Amps 

■ 50dB CMRR@ 10MHz 

■ Input Voltage Range: (-2.5V to 3.5V) 

■ ±4V Output Voltage Swing 

■ Color Video Performance 

■ “Shutdown” Feature 

■ Can Directly Drive Cables 

■ 500V/ps Slew Rate: LT1 1 93/LT1 1 94 

■ Low Power: LT1187/LT1 189 



Gain 

Av 

(Min) 

V/V 

BW 

(Typ) 

MHz 

$ 

(100’s) 

LT1187 

Adj. 

2 

50 

2.95 

LT1189 

Adj. 

10 

35 

2.95 

LT1193 

Adj. 

2 

70 

2.95 

LT1194 

10 

- 

350 

2.95 


, • 


Multimedia 


Video Distribution Amplifier 

■ LT1206: 250mA Minimum Output Current 

■ 60MHz, 900V/jns Current Feedback Amplifier 

■ Drives 10 Video Cables 

■ Drives Low Impedance of High Capacitances | 

■ Color Video Performance 

■ Low Current "Shutdown” Mode Available 

■ 8-Pin P DIP ($3.45), 7-Lead DD ($4.45), 
and 7-Lead TO-220 ($4.45) 

■ 8-Pin SOIC ($3.95) 

2:1 and 4:1 Video Multiplexers 
Very Fast for Pixel Switching 

■ LT1203 (2:1), LT1205 (2x2:1 or 4:1) 

- 150MHz, -3dB Bandwidth 

■ 90dB Channel Separation 

■ 30MHz, 0.1 dB Gain Flatness (HDTV) 

■ 25ns Channel Switching Time 

■ 50mV Switching Transient 

■ 1 0MQ Disabled Output Impedance 

■ Expandable 

■ 8- and 1 6-Pin Narrow SOIC Packages 

■ LT1203 PDIP $2.85, LT1205CS $5.30 



VIDEO-^ A1 ,1 „ RGB GRAPHICS 


4:1 Video Muitipiexer with 

■ LT1204: 4:1 MUX w/ Current Feedback Amp 

■ 0.1 dB Gain Flatness to >30MHz: for HDTV 

■ 1 000V/ps Slew Rate 

■ 75MHz, -3dB Bandwidth (A v = 2) 

■ 90dB Channel Separation 

■ Expandable 

■ 16-Pin SOL and P DIP Packages 

■ PDIP $4.95, SOL $5.40 


Current Feedback Amp with 
DC Gain Control 

■ LT1228: 75MHz Transconductance Amp 
with 100MHz Current Feedback Amplifier 

■ Color Video Performance 

■ Differential Input 

■ Operates on ±2 V to ±1 5V Supplies 

■ For Auto-Gain, Tunable Filters, and 
Specialized Video Circuits. 


Video Fader/Gain-Controlled 
Amplifier 

■ LT1251: 40MHz Video Fader 

■ LT1256: 40MHz Gain-Controlled Amplifier 

■ Accurate 1% Linear Gain Control 

■ Low Differential Gain/Phase, 0.1%/0.1% 


Multimedia systems combine audio, composite video (broadcast quality TV) and high resolution computer graphics. 

Typical requirements are: 


Video: NTSC or PAL need minimum 50MHz, -3dB bandwidth 
HDTV needs 0.1 dB flatness to 30MHz 
Suggested Products (Refer to above and reverse): 

General Purpose LT1 360/63: Single/Dual/Quad Voltage Feedback 
Gain Blocks/Video Op Amps with Current Feedback Speed 
A/D Buffers LT1 227/29/30: Single/Dual/Quad Current 


Feedback Amplifiers 

LT1 252/3/4: Low Cost Curent Feedback Amplifiers 


Multiplexer 

LT1204: 4:1 Video MUX with Current 

Feedback Amplifier 

Video Distribution 

LT1206: 250mA Output Current Feedback Amplfiers 

DC Restoration 

LT1228: Current Feedback Amplifier with 

Gain Control 

Gain Control 

LT1228: Current Feedback Amplifier with 

Gain Control 

COAX Loopthrough/ 
Twisted-Pair Receiver 

LT1 187/89/93/94: Video Difference Amplifiers 


— ' - I 


Graphics: VGA needs >50MHz, 19" monitors need >100MHz f 

RGB, YUV, YC, Amps LT1 259/60: Dual/Triple, 130MHz, 1800V/jxs 
Current Feedback Amplifiers with Shutdown 

Pixel Switching 

LT1 203/05: 2:1 and 4:1 Video Multiplexers 



Audio: For 8x Oversampling, 200kHz Bandwidth is Required 

Gain Blocks 

LT1 1 1 5: Low Noise Preamplifier 

LT1 1 24/26: Dual Low Noise Preamplifier 

LT121 1/12: High Slew Rate, Single Supply 
Dual/Quad Op Amps 

LT1 1 22: Ultra-Low Distortion Op Amp with 1 
Symmetric Slew Rates. 

LT1 355/56: Ultra-High Slew Rate, 

Low Supply Current Op Amps 

• ■ 
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OP AMP SELECTION GUIDE 


Commercial Precision Op Amps 


PART 

NUMBER 

ELECTRICAL CHARACTERISTICS [ 

IMPORTANT FEATURES 

Vos 

MAX 

(ftV) 

TC 

Vos 

(nV/°C) 

>B 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 
MIN 

(V/|is) 

NOISE 

MAX 10Hz 
(nV/VHz) 

PACKAGES 

AVAILABLE 

MIL / 
IND 
TEMP 

SINGLE | 

LT1001AC 

25 

0.6 

2.0 

450 

0.15 

18 

H, J8, N8 

M 

Extremely Low Offset Voltage, Low Noise, 

Low Drift 

LT1001C 

60 

1.0 

3.8 

400 

0.15 

18 

H, J8, N8, S8 

M 

LT1006AC 

50 

1.3 

15 

1000 

0.25 

24 + 

H,J8 

M 

Single Supply Operation, Fully Specified for 

5V Supply 

LT1006C 

80 

1.8 

25 

700 

0.25 

2 4 f 

H, J8, N8 

M 

LT1006S8 

400 

3.5 

25 

700 

0.25 

25 

S8 


LT1007AC 

25 

0.6 

35 

7000 

1.7 

4.5 

H, J8, N8 

M 

Extremely Low Noise, Low Drift 

LT1007C 

60 

1.0 

55 

5000 

1.7 

4.5 

H, J8, N8, S8 

M.l 

LT1008C 

120 

1.5 

0.1 

200 

0.1 

30 

H, N8 

M, I 

Low Bias Current, Low Power 

LT1012C 

25 

0.6 

100 

300 

0.1 

30 

H, N8 

M, 1 

Low Vos, Low Power 

LT1012AC 

50 

1.5 

0.15 

200 

0.1 

30 

H, N8 

M 

LT1012D 

60 

1.7 

150 

200 

0.1 

30 

H, N8 


LT1012S8 

120 

1.8 

0.28 

200 

0.1 

30 

S8 


LT1022AC 

250 

5.0 

0.05 

150 

23 

50 

H 

M 

Very High Speed JFET Input Op Amp with 

Very Good DC Specs 

LT1022C 

600 

9.0 

0.05 

120 

18 

60 

H 

M 

LT1022CN8 

1000 

15.0 

0.05 

100 

18 

60 

N8 


LT1028AC 

40 

0.8 

90 

7000 

11 

1.7 

H, J8, N8 

M 

Lowest Noise, High Speed, Low Drift 

LT1028C 

80 

1.0 

180 

5000 

11 

1.9 

H, J8, N8, S 

M 

LT1037AC 

25 

0.6 

35 

7000 

11 

4.5 

H, J8, N8 

M 

Extremely Low Noise, High Speed 

LT1037C 

60 

1.0 

55 

5000 

11 

4.5 

H, J8, N8, S8 

M, 1 

LT1055AC 

150 

4 

0.05 

150 

10 

50 

H 

M 

Lowest Offset, JFET Input Op Amp Combines 

High Speed and Precision 

LT1055C 

400 

8 

0.05 

120 

7.5 

60 

H 

M 

LT1055CN8 

700 

12 

0.05 

120 

7.5 

60 

N8 


LT1055S8 

1500 

15 

0.1 

120 

7.5 

70 

S8 


LT1056AC 

180 

4 

0.05 

150 

12 

50 

H 

M 

LT1056C 

450 

8 

0.05 

120 

9 

60 

H 

M 

LT1056CN8 

800 

12 

0.05 

120 

9 

60 

N8 


LT1056S8 

1500 

15 

0.1 

120 

9.0 

70 

S8 


LT1077AC 

40 

0.4 

9 

250 

0.12 

40 

H, J8, N8 

M, 1 

Micropower, Single Supply, Precision, 

Low Noise 

LT1077C 

60 

0.4 

11 

200 

0.12 

29 + 

H, J8, N8 

M, 1 

LT1077S8 

150 

3.0 

11 

240 

0.05 

28 + 

S8 


LT1097C 

50 

1.0 

0.250 

700 

0.1 

16 + 

N8 

1 

Low Cost, Low Power Precision 

LT1097S8 

60 

1.4 

0.350 

700 

0.1 

16 + 

S8 

1 

LT1115C 

280 

0.5 (Typ) 

380 

2000 

10 

1.8 

N8, S 


Lowest Noise, Ultra Low Distortion Audio 

Optimized Op Amp 

LT1128AC 

40 

1.0 

90 

7000 

5.0 

1.7 

J8, N8, S8 

M, 1 

Lowest Noise, High Speed, Precision 

LT1128C 

80 

1.0 

180 

5000 

4.5 

1.9 

J8, N8, S8 

M, 1 

LTC1049C 

10 

0.1 

0.050 

3162 

0.8 + 

1.0(xVp.p** 

J8, N8 

M, 1 

Auto Zeroed Precision Op Amp, No External 
Capacitors Required 

LTG1050AC 

5 

0.05 

0.035 

3162 

4 + 

0.6(uVp-p* * 

H, J8, N8, S8 

M, 1 

LTC1050C 

5 

0.05 

0.050 

1000 

4 + 

0.6|iVp.p** 

H, J8, N8, S8 

M, 1 

LTC1052C 

5 

0.05 

0.03 

1000 

3 f 

0.5|xVp.p** 

H, N8, N 

M.l 

Low Noise, Auto Zeroed Precision Op Amp 

LTC7652C 

5 

0.05 

0.03 

1000 

3 f 

0.5|iVp.p** 

H, N8 

M, 1 

LTC1150C 

5 

0.05 

0.03 

10000 

3 + 

0.6|xVp.p** 

H, J8, N8, S8 

M, 1 

Auto Zeroed Precision Op Amp That Operates 
on Standard ±15V Supplies. No External 

Capacitors Required 

LTC1152C 

10 

0.1 

0.1 

316 

1 + 

0.5|iVp.p 

N8, S8 


Rail-to-Rail Input and Output, Auto Zeroed 

Precision Op Amp. C-Load™ Stable. 

LTC1250C 

10 

0.05 

0.02 

10000 

10 + 

0.3mVp.p** 

J8, N8, S8 

M 

Low Noise, Auto Zeroed Precision Op Amp 


+ Typical spec * 100Hz noise ** DC to 1Hz noise C-Load is a trademark of Linear Technology Corporation 

NOTE: See page 14-3 for DESC cross reference numbers. Check data sheet for specifications on industrial and military temperature produced and surface mount. 
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OP AMP SELECTION GUIDE 


Commercial Precision Op Amps 


PART 

NUMBER 

ELECTRICAL CHARACTERISTICS 

IMPORTANT FEATURES 

Vos 

MAX 

(MV) 

TC 

Vos 

(MV/ 0 C) 

Ib 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 
MIN 

(V/jus) 

NOISE 
MAX 10Hz 
(nV/VHz) 

PACKAGES 

AVAILABLE 

MIL/ 

IND 

TEMP 

| SINGLE 

LF355A 

2000 

5 

0.05 

75 

5 

25 + * 

H, N8 


JFET Inputs, Low l B , No Phase Reversal 

LF356A 

2000 

5 

0.05 

75 

10 

15 + * 

H,N8 


LM10B 

2000 

2 + 

20 

120 

- 

50 + 

H, J8 

M 

On-Chip Reference Operates with +1.2V 

Single Battery 

LM10BL 

2000 

2 + 

20 

60 

- 

50 + 

H, J8 


LM10C 

4000 

5 + 

30 

80 

- 

50 f 

H, J8, N8 


LM10CL 

4000 

5 + 

30 

80 

- 

50 + 

H, J8, N8 


LM308A 

500 

5 

7 

60 

0.1 

30 f 

H, N8 

M 

Low Bias, Supply Current 

LT318A 

1000 


250 

200 

50 

42 + 

H, J8, N8 

M 

High Speed, 15MHz 

LM318 

10000 


500 

25 

50 

42 t 

H, J8, N8, S8 

M 

High Speed, 15MHz 

0P-05C 

1300 

4.5 

7 

120 

0.1 

20 

H, J8, N8 

M 

Low Noise, Low Offset Drift with Time 

0P-05E 

500 

2.0 

4 

200 

0.1 

18 

H, J8, N8 

M 

OP-07C 

150 

1.8 

7 

120 

0.1 

20 

H, J8, N8, S8 

M 

Low Initial Offset, Low Noise, Low Drift 

OP-07E 

75 

1.3 

4 

200 

0.1 

18 

H, J8, N8 

M 

0P-15E 

500 

5 

0.05 

100 

10 

20 + * 

H, N8 

M 

Precision JFET Input, Low Bias Current, 

No Phase Reversal 

0P-15F 

1000 

10 

0.1 

75 

7.5 

20 f * 

H, N8 

M 

0P-15G 

3000 

15 

0.2 

50 

5 

20 + * 

H, N8 

M 

0P-16E 

500 

5 

0.05 

100 

18 

20 + * 

H, N8 

M 

Precision JFET Input, High Speed, 

No Phase Reversal 

0P-16F 

1000 

10 

0.1 

75 

12 

20 + * 

H, N8 

M 

0P-16G 

3000 

15 

0.2 

50 

9 

20 + * 

H,N8 

M 

0P-27E 

25 

0.6 

40 

1000 

1.7 

5.5 

H, J8, N8 

1 

Very Low Noise, Unity Gain Stable 

OP-27G 

100 

1.8 

80 

700 

1.7 

8.0 

H, N8 

1 

0P-37E 

25 

0.6 

40 

1000 

11 

5.5 

H, J8, N8 

1 

Very Low Noise, Stable for Gains > 5 

0P-37G 

100 

1.8 

80 

700 

11 

8.0 

H, N8 

1 

0P-97E 

25 

0.6 

±0.1 

300 

0.1 

30 

H, N8 

M 

Low Power, Low l B , Precision 

| DUAL | 

LT1002AC 

60 

0.9 

3.0 

400 

0.15 

20 

J, N 

M 

Dual, Matched LT1001 High CMRR, 

PSRR Matching 

LT1002C 

100 

1.3 

4.5 

350 

0.15 

20 

J, N 

M 

LT1013AC 

150 

2.0 

20 

1500 

0.2 

24 + 

H, J8 

M 

Precision Dual Op Amp in 8-Pin Package 

LT1013C 

300 

2.5 

30 

1200 

0.2 

24 + 

H, J8, N8 

M, 1 

LT1013D 

800 

5.0 

30 

1200 

0.2 

24 + 

N8, S8 


LT1024AC 

50 

1.5 

0.12 

250 

0.1 

33 

N 

M 

Low Vos, Low Power, Matching Specs 

LT1024C 

100 

2.0 

0.20 

180 

0.1 

33 

N 

M 

LTC1047C 

10 

0.01 

0.02 

1000 

0.2 + 

0.8mVp-p** 

N8,S 


No External Capacitors Required 

Dual, Precision Auto Zeroed Op Amp 

LTC1051C 

5 

0.05 

0.05 

1000 

4 f 

0.4|iVp-p** 

J8, N8, S 

M, 1 

LT1057AC 

450 

7 

0.05 

150 

10 

26 + 

H, J8 

M 

Low Offset JFET Input Multiple Op Amps 

Combine High Speed and Excellent DC Specs 

LT1057ACN8 

450 

10 

0.05 

150 

10 

26 + 

N8 


LT1057C 

800 

12 

0.075 

100 

8 

26* 

H,J8 

M, 1 

LT1057CN8 

800 

16 

0.075 

100 

8 

26 + 

N8, S8 

1 

LT1078AC 

70 

2.0 

8 

250 

0.07+ 

40 

H, J8, N8 

M 

Micropower, Precision, 

Single Supply, Low Noise Dual 

LT1078C 

120 

2.5 

10 

200 

0.07 f 

29 + 

H, J8, N8, S8 

M, 1 

LT1112A 

60 

0.50 

0.25 

1000 

0.16 

15 + 

J8, N8, S8 

M, 1 

Low Power, Precision, Matching Specs 

LT1112C 

75 

0.75 

0.28 

800 

0.16 

15* 

J8, N8, S8 

M, 1 

LT1113AC 

1500 

15 

0.45 

1200 

2.5 

w 

N8, J8, S8 

M, 1 

Dual Low Noise, Precision JFET Input 

LT1113C 

1800 

20 

0.48 

1000 

2.5 

17* 

N8, J8, S8 

M, 1 

LT1124AC 

70 

1 

55 

2000 

3 

5.5 

N 

M, 1 

Dual Precision Op Amp, 

Low Noise, High Speed 

LT1124C 

100 

1.5 

70 

1500 

2.7 

5.5 

J, N,S 

M, 1 


+ Typical spec * 1 00Hz noise * * DC to 1 Hz noise NOTE: See page 1 4-3 for DESC cross reference numbers 
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OP AMP SELECTION GUIDE 


Commercial Precision Op Amps 


PART 

NUMBER 

ELECTRICAL CHARACTERISTICS j 

IMPORTANT FEATURES 

Vos 

MAX 

m 

TC 

Vos 

(fiVfC) 

■b 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 
MIN 

(V/(l1S) 

NOISE 
MAX 10Hz 
(nV/VHz) 

PACKAGES 

AVAILABLE 

MIL / 
IND 
TEMP 

DUAL | 

LT1126AC 

70 

1.0 

20 

2000 

8 

5.5 

N8 

M, 1 

Dual Precision Op Amp, Low Noise, High Speed 

LT1126C 

100 

1.5 

30 

1500 

8 

5.5 

J8, N8, S8 

M, 1 

LT1169A 

1500 

15 

3 

1200 

2.4 

17 + 

J8, N8, S8 


Dual Low Noise, Picoampere Bias Current 

JFET Input Op Amp 

LT1169C 

1800 

20 

5 

1000 

2.4 

17 + 

J8, N8, S8 


LT1178AC 

70 

2.2 

5 

140 

0.013 

75 

H, J8, N8 


17^A Max, Single Supply, Precision Dual 

LT1178C 

120 

3.0 

6 

110 

0.013 

50 + 

H, J8, N8 

1 


LT1211C 

275 

0.6 

125 

250 

4 

12.5 

J8, N8, S8 

M, 1 

Fast, Precise, Single Supply Op Amps. 

Industrial Temperature (-40°C to 85°C) 

Specs Included with Commercial Temperature 
Devices 

LT1211AC 

150 

0.5 

100 

250 

4 

12.5 

J8, N8, S8 

M, 1 

LT1213C 

275 

0.6 

200 

250 

8.5 

10 

J8, N8, S8 

M, 1 

LT1213AC 

150 

0.5 

160 

250 

8.5 

10 

J8, N8, S8 

M, 1 

LT1215C 

450 

1.0 

600 

150 

30 

15 

J8, N8, S8 


LT1215AC 

300 

0.8 

500 

150 

30 

15 

J8, N8, S8 


LT1413AC 

150 

2 

15 

400 

0.2 

24 + 

N8 

1 

Dual Single Supply Precision Op Amp 

Optimized for 5 V and GND 

LT1413C 

280 

2.5 

18 

350 

0.2 

24 t 

I\I8, S8 

1 

LT1413S 

380 

2.5 

18 

350 

0.2 

24 + 

S8 


LT1457C 

800 

16 

0.075 

100 

2 

28 

N8, S8 


Dual Precision JFET Input Op Amp. 

C-Load Stable 

LF412AC 

1000 

10 

0.1 

100 

10 

2Q+* 

H, J8, N8 

M 

High Performance Dual JFET Input Op Amp 

OP-21 5E 

1000 

10 

0.1 

150 

10 

20 + * 

H, J8, N8 

M 

OP-21 5G 

3000 

20 

0.2 

50 

8 

20 + * 

H, J8, N8 

M 

0P-227E 

80 

1.0 

40 

3000 

1-7 

6 

J, N 

M 

Dual Matched OP-27 

OP-227G 

180 

1.8 

80 

2000 

1.7 

9 

J, N 

M 

OP-237E 

80 

1.0 

40 

3000 

10 

6 

J, N 

M 

Dual Matched OP-37 

0P-237G 

180 

1.8 

80 

2000 

10 

9 

J, N 

M 

0P-270A 

75 

1 

20 

750 

1.7 

6.5 

J 

M 

Dual Op Amp, Low Noise 

OP-270C 

250 

3 

60 

350 

1.7 

3.6 t 

N, S 

M 

| QUAD | 

LT1014AC 

180 

2.0 

20 

1500 

0.2 

24 + 

J 

M 

Precision Quad Op Amp in 14-Pin Package 

LT1014C 

300 

2.5 

30 

1200 

0.2 

24 + 

J, N 

M, 1 

LT1014D 

800 

5.0 

30 

1200 

0.2 

24* 

N, S 


LT1058AC 

600 

10 

0.05 

150 

10 

26 + 

J 

M 

Low Offset JFET Input Multiple Op Amps 

Combine High Speed and Excellent DC Specs 

LT1058C 

1000 

15 

0.075 

100 

8 

26 + 

J, N, S 

M, 1 

LT1079AC 

120 

2.0 

8 

250 

0.07* 

40 

J, N 

M 

Micropower, Precision, Single Supply, 

Low Noise Quad 

LT1079C 

150 

2.5 

10 

200 

0.07 t 

29 + 

J, N, S 

M, 1 

LT 111 4 AC 

60 

0.50 

0.25 

1000 

0.16 

15* 

J8, N8, S8 

M, 1 

Low Power, Precision, Matching Specs 

LT1114C 

75 

0.75 

0.28 

800 

0.16 

15* 

J8, N8, S8 

M, 1 

LT1125AC 

90 

1 

20 

2000 

3 

5.5 

N 

M 

Precision Quad Op Amp, 

Low Noise, High Speed 

LT1125C 

140 

1.5 

30 

1500 

2.7 

5.5 

J, N, S 

M, 1 

LT1127AC 

90 

1.0 

20 

2000 

8 

5.5 

N 

M 

LT1127C 

140 

1.5 

30 

1500 

8 

5.5 

N, J, S 

M, 1 

LT1179AC 

100 

2.2 

5 

140 

0.013 

75 

J, N 


17|aA Max, Single Supply, Precision Quad 

LT1179C 

150 

3.0 

6 

110 

0.013 

50* 

J, N 

1 

LT1212C 

275 

0.6 

125 

250 

4 

12.5 

N, S 

1 

Fast, Precise, Single Supply Op Amps. 

Industrial Temperature (-40°C to 85°C) 

Specs Included with Commercial Temperature 
Devices 

LT1214C 

275 

0.6 

200 

250 

8.5 

10 

N, S 

1 

LT1216C 

450 

1.0 

600 

150 

30 

15 

N, S 

1 

LTC1053C 

5 

0.05 

0.05 

1000 

4 + 

0.4|iVp-p** 

N, S 

1 

Quad, Precision Auto Zeroed Op Amp. 

No External Capacitors Required 

OP-470A 

400 

2 

25 

500 

1.4 

6.5 

J 

M 

Quad Op Amp, Low Noise 

OP-470C 

1000 

2 + 

60 

400 

1.4 

6.5 

N, S 



+ Typical spec * 100Hz noise ** DC to 1Hz noise 
NOTE: See page 14-3 for DESC cross reference numbers 
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OP AMP SELECTION GUIDE 


High Speed Op Amps 


PART 

NUMBER 

ELECTRICAL CHARACTERISTICS 

IMPORTANT FEATURES 

MIN 

SLEW 

RATE 

(VAis) 

TYP 

SETTLING TIME 

TO 0.1 % 

(M-S) 

TYPICAL GAIN 
BANDWIDTH 
PRODUCT 
(MHz) 

MIN 

Avol 
(V/ mV) 

MAX 

Vos 

(jLtV) 

MAX 

(nA) 

PACKAGES 

AVAILABLE 

MIL / 
IND 
TEMP 

| SINGLE i 

LT1122AC 

60 

0.340* 

0.540** 

14 

180 

600 

0.075 

J8, N8 

M 

JFET Input. Faster and Better DC 

Specs Than OP-42. A and C Have 

Grades 100% Tested Settling Time 

LT1122BC 

60 

0.350* 

14 

180 

600 

0.075 

J8, N8 

M 

LT1122CC 

50 

0.350* 

0.590** 

13 

150 

900 

0.1 

J8, N8, S8 

M 

LT1122DC 

50 

0.360* 

13 

150 

900 

0.1 

J8, N8, S8 

M 

LT1187C 

130 

0.1*** 

50 (A v = 2) 


10000 

2000 

N8, S8 


Low Power Video Difference Amplifier 

LT1189C 

175 

r** 

35 (Ay = 10) 


3000 

2000 

N8, S8 


LT1190C 

450 + 

0.1 

50 

3.5 

10000 

2500 

J8, N8, S8 

M 

±5 V Supply Color Video Op Amps 

LT1191C 

450 + 

0.1 

90 

6 

5000 

2500 

J8, N8, S8 

M 

LT1192C 

450 + 

0.1 

400 (A v >5) 

16 

2.5 

2500 

J8, N8, S8 

M 

LT1193C 

450 + 

0.1 

70 


12000 

3500 

J8, N8, S8 

M 

Color Video Differential Amplifier 

LT1194C 

450 + 

0.1 

40 


6000 

3500 

J8, N8, S8 

M 

LT1195C 

140 

0.22*** 

50 

0.5 

8000 

2000 

J8, N8, S8 


Low Power, High Speed 

LT1200C 

30 

0.430 

11.0 

4 

1000 

1000 

N8, S8 


Low Supply Current Op Amp 

LT1206C 

600 


50 

0.6 

15000 

20000 

N8, R, Y, S8 


250mA Current Feedback Amplifier 

LT1217C 

100 

280 

10.0 

3.2 

3000 

500 

N8, S8 


Low Power Current Feedback Amplifier 

LT1220C 

200 

0.09 

45 

20 

1000 

300 

N8 


Ultra High Speed, Good DC Specs 

LT1221C 

200 

0.09 

150 (A v >4) 

50 

1000 

300 

I\I8 


LT1222C 

200 

0.09 

500 (A v > 10) 

100 

1000 

300 

I\I8 


LT1223C 

800 

0.075 

100 

3.2 

3000 

3000 

J8, N8, S8 

M 

Current Feedback Amplifier 

LT1224C 

250 

0.090 

45 

3.3 

2000 

8000 

J8, N8, S8 

M 

High Speed, DC Precision, Can Drive 

Unlimited Capacitive Load While 

Remaining Stable 

LT1225C 

250 

0.070 

150 (A v >5) 

12.5 

1000 

8000 

J8, I\I8, S8 

M 

LT1226C 

250 

0.075 

1000 (A v >25) 

50 

1000 

8000 

J8, N8, S8 

M 

LT1227C 

500 

0.050 

140.0 

0.6 

10000 

10000 

J8, N8, S8 

M 

Current Feedback Amplifier 

LT1228C 

300 

0.045 

100 

0.6 

10000 

10000 

J8, N8, S8 

M 

Electronic DC Gain Control 

LT1252C 

250 


100 

0.56 

15000 

15000 

N8, S8 


Low Cost Video Amplifier 

LT1354C 

200 

0.280 

12 

12 

800 

300 

N8, S8 


1mA, 12MHz, 400V/ps C-Load 

LT1357C 

300 

0.220 

25 

20 

600 

500 

N8, S8 


2mA, 25MHz, 600V/|us C-Load 

LT1360C 

600 

0.090 

50 

4.5 

1000 

1000 

N8, S8 


4mA, 50MHz, 800V/^is C-Load 

LT1363C 

750 

0.080 

70 

4.5 

1500 

2000 

N8, S8 

_ _ 1 

6mA, 70MHz, lOOOV/ps C-Load 

DUAL | 

LT1201C 

30 

330 

12 

4 

2000 

1000 

N8, S8 


1mA, 12MHz, 50V/ps Dual C-Load 

LT1208C 

250 

0.090 

45 

3.3 

3000 

8000 

N8, S8 


45MHz, 450|os Dual C-Load 

LT1211C 

5 

2.2 

14 

1200 

550 

120 

N8, S8 


14MHz, 7V/ps Single Supply Precision 

LT1211A 

5 

2.2 

14 

1200 

400 

95 

N8, S8 


LT1213C 

10 

1.1 

28 

1200 

550 

190 

N8, S8 


28MHz, 12V/ps, Single Supply Precision 

LT1213A 

10 

1.1 

28 

1200 

400 

150 

N8, S8 


LT1215C 

40 

0.480 

23 

1000 

650 

550 

N8, S8 


23MHz, 50V/jis, Single Supply Precision 

LT1215A 

40 

0.480 

23 

1000 

500 

500 

N8, S8 


LT1229C 

300 

0.045 

100 

0.6 

650 

550 

J8, N8, S8 

M 

Fast Slew Rate, Current Feedback Architecture 

LT1253C 

250 


90 

0.560 

15000 

15000 

N8, S8 


Low Cost Video Amplifier 

LT1259C 

900 

0.075 

130 

0.71 

10000 

3000 

N14, SI 4 


Low Cost 130MHz Dual CFAs with 

Individual Shutdowns 

LT1355C 

200 

0.023 

12 

12 

800 

300 

N8, S8 


1mA, 12MHz, 400V/jus Dual C-Load 

LT1358C 

300 

0.220 

25 

20 

600 

500 

N8, S8 


2mA, 25MHz, 600V/ps Dual C-Load 

LT1361C 

600 

0.090 

50 

4.5 

1000 

1000 

N8, S8 


4mA, 50MHz, 800V/ps Dual C-Load 

LT1364C 

750 

0.080 

70 

4.5 

1500 

2000 

N8, S8 


6mA, 70MHz, lOOOV/ps Dual C-Load 


+ Typical value *10V step, to ImVatsum node. **Maximum value, 10V step, to ImV at sum node. ***3VStep 
NOTE: See page 14-3 for DESC cross reference numbers 
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OP AMP SELECTION GUIDE 


High Speed Op Amps 


PART 

NUMBER 

ELECTRICAL CHARACTERISTICS 

IMPORTANT FEATURES 

MIN 

SLEW 

RATE 

(V/|is) 

TYP 

SETTLING TIME 

TO 0.1% 

(fts) 

TYPICAL GAIN 
BANDWIDTH 
PRODUCT 
(MHz) 

MIN 

Avol 
(V/ mV) 

MAX 

Vos 

(nV) 

•b 

MAX 

(nA) 

PACKAGES 

AVAILABLE 

MIL/ 

IND 

TEMP 

TRIPLE | 

LT1260C 

900 

0.075 

130 

0.71 

10000 

3000 

N16, SI 6 


Low Cost Triple 130MHz CFAs 
with Individual Shutdowns 

QUAD i 



LT1202C 

30 

0.330 

12 

4 

2000 

1000 

N14, S16 


1mA, 12MHz, 50V/ps Quad C-Load 

LT1209C 

250 

0.090 

45 

3.3 

3000 

8000 

N14, SI 6 


45MHz, 450V/ps Quad C-Load 

LT1212C 

5 

2.2 

14 

1200 

550 

120 

N14, SI 6 


14MHz, 7V/ps Single Supply Precision 

LT1214C 

10 

1.1 

28 

1200 

550 

190 

N14, SI 6 


28MHz, 12V/ps, Single Supply Precision 

LT1216C 

40 

0.480 

23 

1000 

650 

550 

N14, SI 6 


23MHz, 50V/ps, Single Supply Precision 

LT1230C 

300 

0.045 

100 

0.6 

15000 

10000 

J, N, S 


Fast Slew Rate, Current Feedback Architecture 

LT1254C 

250 


90 

0.560 

15000 

15000 

N14, S14 


Low Cost Video Amplifier 

LT1356C 

200 

0.280 

12 

12 

800 

300 

N14, SI 6 


1mA, 12MHz, 400V/ps Quad C-Load 

LT1359C 

300 

0.220 

25 

20 

600 

500 

N14, SI 6 


2mA, 25MHz, 600V/ps Quad C-Load 

LT1362C 

600 

0.090 

50 

4.5 

1000 

1000 

N14, SI 6 


4mA, 50MHz, 800V/ps Quad C-Load 

LT1365C 

750 

0.080 

70 

4.5 

1500 

2000 

N14.S16 


6mA, 70MHz, lOOOV/ps Quad C-Load 


+ Typical value * 1 0V step, to 1 mV at sum node. "Maximum value, 10V step, to ImV at sum node. * * *3V Step 
NOTE: See page 14-3 for DESC cross reference numbers 
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FCRTURCS 

■ Voltage Noise 

I.InVA/HzMax. at 1kHz 
0.85nV/VHzTyp. at 1kHz 
1 .OnV/VHz Typ. at 10Hz 
35nV P _p Typ., 0.1 Hz to 10Hz 

■ Voltage and Current Noise 100% Tested 

■ Gain-Bandwidth Product 

LT1028: 50MHz Min. 

LT1128: 13MHz Min. 

■ Slew Rate 

LT1028: IIV/ps Min. 

LT1128: 5V/ps Min. 

■ Offset Voltage: 40pV Max. 

■ Drift with Temperature: 0.8p.V/°C Max. 

■ Voltage Gain: 7 Million Min. 

■ Available in 8-Pin SO Package 

nppucnnons 

■ Low Noise Frequency Synthesizers 

■ High Quality Audio 

■ Infrared Detectors 

■ Accelerometer and Gyro Amplifiers 

■ 350Q Bridge Signal Conditioning 

■ Magnetic Search Coil Amplifiers 

■ Hydrophone Amplfiers 


LT1028/LT1 128 

Ultra Low Noise Precision 
High Speed Op Amps 

D6SCRIPTIOR 

The LT1028(gain of — 1 stable)/LT1128(gain of +1 stable) 
achieve a new standard of excellence in noise performance 
with 0.85nV/VHz 1 kHz noise, 1 .OnV/VRz 1 0Hz noise. This 
ultra low noise is combined with excellent high speed 
specifications (gain-bandwidth product is 75MHz for 
LT1028, 20MHzfor LT1128), distortion-free output, and 
true precision parameters (0.1pV/°C drift, lOpV offset 
voltage, 30 million voltage gain). Although the LT1028/ 
LT1128 input stage operates at nearly 1mA of collector 
current to achieve low voltage noise, input bias current is 
only 25nA. 

The LT 1 028/LT 1 1 28’s voltage noise is less than the noise 
of a 50Q resistor. Therefore, even in very low source 
impedance transducer or audio amplifier applications, the 
LT 1 028/LT 1 1 28’s contribution to total system noise will 
be negligible. 


Flux Gate Amplifier 



DEMODULATOR 

SYNC 

OUTPUT TO 
DEMODULATOR 


1028/1 128 TAOI 



0.1 1 10 100 Ik 

FREQUENCY (Hz) 


1028/11 28 TA02 
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LT1028/LT1128 


MisoiuTc mnximum nnnnGS 

Supply Voltage 

-55 d G’to 105°C ±22V 

105°C to 125°C ±16V 

Differential Input Current (Note 8) ±25mA 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 


Operating Temperature Range 

LT1028/LT1 128AM, M -55°C to 125°C 

LT 1 028/LT1 1 28AC, C -40°Cto 85°C 

Storage Temperature Range 

All Devices -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PflCKflG€/ORD€R IRFORITlRTIOn 


TOP VIEW 
Vqs TRIM 



H PACKAGE 

8-LEAD TO-5 METAL CAN 
Tjmax = 175°C, 0 JA = 140°C/W, e JC = 40°C/W 


ORDER PART 
NUMBER 


LT1028AMH 

LT1028MH 

LT1028ACH 

LT1028CH 


TOP VIEW 


J] Vos 
- SJ TRIM 

~ II OUT 


Tjmax = 135°C, 0 JA = 14O°C/W 


ORDER PART 
NUMBER 


LT1028CS8 

LT1128CS8 


S8 PART MARKING 


1028 

1128 


TOP VIEW 

Vos 
TRIM 
-IN 
+IN 
V~ 

J8 PACKAGE 
8-LEAD CERAMIC DIP 
N8 PACKAGE 
8-LEAD PLASTIC DIP 



Tjmax = 165°C, 0j A = 100°C/W (J8) 
Tjmax = 130°C, 0 JA = 130°C/W (N8) 


LT1 028AMJ8 

LT1028MJ8 

LT1028ACJ8 

LT1028CJ8 

LT1028ACN8 

LT1028CN8 

LT1128AMJ8 

LT1128MJ8 

LT1128CJ8 

LT1128ACN8 

LT1128CN8 




NC [T 
NC[j[ 
TRIM \J 
-IN |T H 
+IN IT 


V"|A 
NC [7 
ncQ[ 


5U NC 
5H NC 
TRIM 

iU v + 

-T2] OUT 
771 OVER 
HI COMF 
To] NC 

T\ NC 


S PACKAGE 
16-LEAD PLASTIC SOL 

Tjmax = 140°C, 0 JA = 130°C/W 


ORDER PART 
NUMBER 


LT1028CS 


NOTE: THIS DEVICE IS NOT 
RECOMMENDED FOR NEW 
DESIGNS. 


Consult factory for Industrial grade parts. 


€l€CTRICfll CHRRnCTCRISTICS V S = ±15V S T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1028AM/AC 

LT1 1 28AM/AC 

MIN TYP MAX 

LT1028M/C 

LT1128M/C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 

! 10 

40 | 

20 80 

mV 

AVqs 

ATime 

Long Term Input Offset 

Voltage Stability 

(Note 2) 

0.3 

0.3 

M-V/Mo 

los 

Input Offset Current 

V C M = 0V 

12 

50 

18 100 

nA 

Ib 

Input Bias Current 

Vcm = 0V 

±25 

±90 

±30 ±180 

nA 

!o | 

Input Noise Voltage 

0.1Hz to 10Hz (Note 3) 

35 

75 

35 90 

nVp.p 
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LT1Q28/LT1128 


ELECTRICAL CHARACTERISTICS Vs = ±15V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1028AM/AC 

LT1128AM/AC 

MIN TYP MAX 

LT1028M/C 
LT1128M/C 
MIN TYP 

MAX 

UNITS 


Input Noise Voltage Density 

f 0 = 10Hz (Note 4) 


1.00 

1.7 


1.0 

1.9 

nVA/Hz 



f 0 = 1000Hz, 100% tested 


0.85 

1.1 


0.9 

1.2 

nV/VHz 

In 

Input Noise Current Density 

fo = 10Hz (Note 3 and 5) 


4.7 

10.0 


4.7 

12.0 

pA/VHz 



f 0 = 1000Hz, 100% tested 


1.0 

1.6 


1.0 

1.8 

paM£ 


Input Resistance 










Common Mode 



300 



300 


m 


Differential Mode 



20 



20 


kQ 


Input Capacitance 


5 

1 5 1 

PF 


Input Voltage Range 


±11.0 

±12.2 


±11.0 

±12.2 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = ±11V 

114 

126 


110 

126 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4V to ±1 8V 

117 

133 


110 

132 


dB 

Avol 

Large-Signal Voltage Gain 

R L >2k, V 0 = ±12V 

7.0 

30.0 


5.0 

30.0 


V/jjlV 



R l > 1 k, V o = ±10V 

5.0 

20.0 


3.5 

20.0 


V/piV 



R l > 600Q, V o = ±10V 

3.0 

15.0 


2.0 

15.0 


V/(j.V 

VoUT 

Maximum Output Voltage Swing 

R L >2k 

±12.3 

±13.0 


±12.0 

±13.0 


V 



R l > 600Q 

±11.0 

±12.2 


±10.5 

±12.2 


V 

SR 

Slew Rate 

A VC l = -1 LT 1 028 

11.0 

15.0 


11.0 

15.0 


V/|os 



Avcl = -1 LT1128 

5.0 

6.0 


4.5 

6.0 


V/jLiS 

GBW 

Gain-Bandwidth Product 

f 0 = 20kHz (Note 6) LT1028 

50 

75 


50 

75 


MHz 



f 0 = 200kHz (Note 6) LT1128 

13 

20 


11 

20 


MHz 

Zo 

Open-Loop Output Impedance 

V 0 = 0, l 0 = 0 

80 

1 80 

a 

is 

Supply Current 



7.4 

9.5 


7.6 

10.5 

mA 


ELECTRICAL CHRRRCT€RISTICS V s = ±15V, -55°C < Ta < 125°C, unless otherwise noted. 





LT1 028AM 



LT1028M 






LT1128AM 



LT1128M 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 



30 

120 


45 

180 

mV 

AVos 

Average Input Offset Drift 

(Note7) 

• 


0.2 

0.8 


0.25 

1.0 

p.V/°C 

ATemp 











los 

Input Offset Current 

> 

CD 

II 

• 


25 

90 


30 

180 

nA 

Ib 

Input Bias Current 

< 

CD 

II 

CD 

< 

• 


±40 

±150 


±50 

±300 

nA 


Input Voltage Range 


• 

±10.3 

±11.7 


±10.3 

±11.7 


v 

CMRR 

Common-Mode Rejection Ratio 

V cm = ±10.3V 

• 

106 

122 


100 

120 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±4.5V to ±1 6V 

• 

110 

130 


104 

130 


dB 

Avol 

Large-Signal Voltage Gain 

R l > 2k, V 0 = ±1 0V 

• 

3.0 

14.0 


2.0 

14.0 


V/|i V 



R L >1k, V o = ±10V 


2.0 

10.0 


1.5 

10.0 


V/|xV 

Vout 

Maximum Output Voltage Swing 

R l > 2k 

• 

±10.3 

±11.6 


±10.3 

±11.6 


V 

Is 

Supply Current 


• 


8.7 

11.5 


9.0 

13.0 

mA 
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€L€CTf)ICf)L CHRRRCTCRISTICS Vs = ±15V, 0°C < T A < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1028AC 
LT1128AC 
MIN TYP 

MAX 

MIN 

LT1028C 

LT1128C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 

• 


15 

80 


30 

125 

mV 

AVos 

Average Input Offset Drift 

(Note7) 

• 


0.1 

0.8 


0.2 

1.0 

jjV/°C 

ATemp 











•os 

Input Offset Current 

V C M = 0V 

• 


15 

65 


22 

130 

nA 

•b 

Input Bias Current 

V C M = 0V 

• 


±30 

±120 


±40 

±240 

nA 


Input Voltage Range 


• 

±10.5 

±12.0 


±10.5 

±12.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±1 0.5V 

• 

110 

124 


106 

124 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±1 8V 

• 

114 

132 


107 

132 


dB 

Avol 

Large-Signal Voltage Gain 

R l > 2k, V o = ±10V 

• 

5.0 

25.0 


3.0 

25.0 


V/|iV 



R l > Ik, V 0 = ±10V 


4.0 

18.0 


2.5 

18.0 


V/m-V 

V OUT 

Maximum Output Voltage Swing 

R L >2k 

• 

±11.5 

±12.7 


±11.5 

±12.7 


V 



R L > 6000 (Note 9) 


±9.5 

±11.0 


±9.0 

±10.5 


V 

•s 

Supply Current 


• 


8.0 

10.5 


8.2 

11.5 

mA 


€l€CTRICRl CHRRRCT€RISTICS Vs = ±15V, -40°C < Ta < 85°C, unless otherwise noted. (Note 10) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1028AC 

LT1128AC 

MIN TYP MAX 

LT1028C 

LT1128C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 

20 95 

35 150 

mV 

AVos 

ATemp 

Average Input Offset Drift 


• 

0.2 0.8 

0.25 1.0 

|iV/°C 

•os 

Input Offset Current 

V C M = 0V 

• 

20 80 

28 160 

nA 

•b 

Input Bias Current 

V CM = 0V 

• 

±35 ±140 

±45 ±280 

nA 


Input Voltage Range 


• 

±10.4 ±11.8 

±10.4 ±11.8 

V 

CMRR 

Common-Mode Rejection Ratio 

V cm = ±10.5V 

• 

108 123 

102 123 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±4.5V to ±1 8V 

• 

112 131 

106 131 

dB 

Avol 

Large-Signal Voltage Gain 

R l > 2k, V 0 = ±1 OV 

R L >1k, V o = ±10V 

• 

4.0 20.0 

3.0 14.0 

2.5 20.0 

2.0 14.0 

V/m-V 

V/m-V 

Vout 

Maximum Output Voltage Swing 

R l > 2k 

• 

±11.0 ±12.5 

±11.0 ±12.5 

V 

Is 

Supply Current 


• 

8.5 11.0 

8.7 12.5 

mA 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 sec. after application of power. In 
addition, at T A = 25°C, offset voltage is measured with the chip heated to 
approximately 55°C to account for the chip temperature rise when the 
device is fully warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average 
trend line of Offset Voltage vs. Time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in 
Vos during tfi e first 30 days are typically 2.5pV. 

Note 3: This parameter is tested on a sample basis only. 

Note 4: 10Hz noise voltage density is sample tested on every lot with the 
exception of the S8 and SI 6 packages. Devices 100% tested at 10Hz are 
available on request. 

Note 5: Current noise is defined and measured with balanced source 
resistors. The resultant voltage noise (after subtracting the resistor noise 


on an RMS basis) is divided by the sum of the two source resistors to 
obtain current noise. Maximum 10Hz current noise can be inferred from 
100% testing at 1kHz. 

Note 6: Gain-bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

Note 7: This parameter is not 100% tested. 

Note 8: The inputs are protected by back-to-back diodes. Current-limiting 
resistors are not used in order to achieve low noise. If differential input 
voltage exceeds ±1.8V, the input current should be limited to 25mA. 

Note 9: This parameter guaranteed by design, fully warmed up at T A = 
70°C. It includes chip temperature increase due to supply and load 
currents. 

Note 10: The LT1028/LT1 128 are not tested and are not quality- 
assurance-sampled at -40°C and at 85°C. These specifications are 
guaranteed by design, correlation and/or inference from -55°C, 0°C, 
25°C, 70°C and /or 125°C tests. 
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TYPICAL PCRFORmnnCC CHRRRCTtRISTICS 


10Hz Voltage Noise Distribution 


Wideband Noise, DC to 20kHz 


Wideband Voltage Noise 
(0.1Hz to Frequency Indicated) 



o wnicc omi v 



3 10 30 100 300 Ik 3k 10k 

MATCHED SOURCE RESISTANCE (Q) 




1 3 10 30 100 300 Ik 3k 10k 

UNMATCHED SOURCE RESISTANCE (Q) 


100 Ik 

FREQUENCY (Hz) 


.1Hz to 10Hz Voltage Noise 






0.01Hz to 1Hz Voltage Noise 



imuiuiMiuirjul 


Voltage Noise vs Temperature 




4 6 

8 10 

0 

20 

40 60 80 100 

-50 -25 0 25 50 75 100 125 

TIME (SEC) 




TIME (SEC) 

TEMPERATURE (°C) 


LT1 028/1 1 28 • TPC07 



LT1028/1128"TPC07 

LT1 028/11 28 •TPC09 
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Distribution of Input Offset Voltage 


1 1 — 1 — 

V s = ±1 5V 
~T A = 25°C 
ann units tfstf 
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-50 -40-30 -20-10 0 10 20 30 40 50 
OFFSET VOLTAGE (jiV) 

' LT 1028/11 28 • TPC1 0 


Offset Voltage Drift with Temperature 
of Representative Units 

50 
40 
30 

1 20 

CD 10 

I o 

> 

t -10 

CO 

£-20 
-30 
-40 
-50 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



LT1 028/11 28 •TPC11 


Long-Term Stability of Five 
Representative Units 

10 
8 

| 6 

o 4 
2 


o ~2 
> 

fc -4 

CO 

£ -6 
-8 
-10 

0 1 2 3 4 5 

TIME (MONTHS) 



LT1 028/1 1 28 • TPC1 2 


Warm-Up Drift 



TIME AFTER POWER ON (MINUTES) 


LT1 028/1 1 28 • TPC1 3 



SUPPLY VOLTAGE (V) 

LT1 028/1 1 28 • TPC1 6 


Input Bias and Offset Currents Over 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE fC) 


Bias Current Over the Common- 
Mode Range 



COMMON-MODE INPUT VOLTAGE (V) 


LT1 028/1 128 • TPC14 


LT1 028/1 128 *TPC 15 


Supply Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Short-Circuit Current 
vs Time 



TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 


LT1 028/1128 • TPC1 7 


LT1 028/1 1 28 • TPC1 8 
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Voltage Gain vs Frequency 


LT1028 

Gain, Phase vs Frequency 


LT1028 

Capacitance Load Handling 
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FREQUENCY (Hz) 

LT1 028/1 1 28 • TPC1 9 

10k 100k 1M 10M 100M 

FREQUENCY (Hz) 

LT1 028/1 128 • TPC20 

10 100 1000 
CAPACITIVE LOAD (pF) 

LT1 028/1 128' 

Gain Error vs Frequency 

Closed-Loop Gain = 1000 

LT1128 

Gain Phase vs Frequency 

LT1128 

Capacitance Load Handling 




FREQUENCY (Hz) 

LT1 028/1 128 *T 

Voltage Gain vs Supply Voltage 

-Ta 1 25°C' = = = = 

R L = 2k-^- — — 

// ^ R l = 6QQO~ " — — . 


> ±10 ±15 

SUPPLY VOLTAGE (V) 


FREQUENCY (Hz) 

LT1 028/11 28 ‘TPC. 

Voltage Gain vs Load Resistance 
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l LMA x = 35mAAT-55 0 C 
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vs Frequency 
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Voltage Noise vs Current Noise 

The LT 1 028/LT 1 1 28’s less than 1 nV/VHz voltage noise is 
three times better than the lowest voltage noise heretofore 
available (on the LT 1 007/1 037). A necessary condition for 
such low voltage noise is operating the input transistors at 
nearly 1 mA of collector currents, because voltage noise is 
inversely proportional to the square root of the collector 
current. Current noise, however, is directly proportional to 
the square root of the collector current. Consequently, the 
LT 1 028/LT 1 1 28’s current noise is significantly higher 
than on most monolithic op amps. 

Therefore, to realize truly low noise performance it is 
important to understand the interaction between voltage 
noise (e„), current noise (l n ) and resistor noise (r n ). 

Total Noise vs Source Resistance 

The total input referred noise of an op amp is given by 
e t = [e n 2 + r n 2 + (l n R eq ) 2 ] 1/2 

where R eq is the total equivalent source resistance at the 
two inputs, and 

r n = V4kTR^ = 0.1 3VReq in nV/VHz at 25°C 

As a numerical example, consider the total noise at 1kHz 
of the gain 1 000 amplifier shown below. 

ioon look 



R eq = 100L2 + lOOfi II 100k = 200fl 
r n = 0.13V200 = 1 .84nWflz 
e n = 0.85n\h/Hz 
l n = 1 -OpA/VHi 

e t = [0.85 2 + 1 ,84 2 + (1 .0 x 0.2) 2 ] 1/2 = 2.04nV/VHz 

Output noise = 1 000 et = 2.04|iV/VHz 

At very low source resistance (R eq < 40Q) voltage noise 
dominates. As R efl is increased resistor noise becomes the 


largest term, as in the example above, and the LT 1 028/ 
LT1 1 28’s voltage noise becomes negligible. As R eq is 
further increased, current noise becomes important. At 
1kHz, when R eq is in excess of 20k, the current noise 
component is largerthan the resistor noise. The total noise 
versus matched source resistance plot illustrates the 
above calculations. 

The plot also shows that current noise is more dominant 
at low frequencies, such as 1 0Hz. This is because resistor 
noise is flat with frequency, while the 1/f corner of current 
noise is typically at 250Hz. At 10Hz when R eq > Ik, the 
current noise term will exceed the resistor noise. 

When the source resistance is unmatched, the total noise 
versus unmatched source resistance plot should be con- 
sulted. Note that total noise is lower at source resistances 
below Ik because the resistor noise contribution is less. 
When R s > Ik total noise is not improved, however. This 
is because bias current cancellation is used to reduce 
input bias current. The cancellation circuitry injects two 
correlated current noise components into the two inputs. 
With matched source resistors the injected current noise 
creates a common-mode voltage noise and gets rejected 
by the amplifier. With source resistance in one input only, 
the cancellation noise is added to the amplifier’s inherent 
noise. 

In summary, the LT1028/LT1128 are the optimum ampli- 
fiers for noise performance, provided that the source 
resistance is kept low. The following table depicts which 
op amp manufactured by Linear Technology should be 
used to minimize noise, as the source resistance is in- 
creased beyond the LT 1 028/LT 1 1 28’s level of usefulness. 


Best Op Amp for Lowest Total Noise vs Source Resistance 


SOURCE RESIS- 
TANCE(Q) (Note i) 

BEST OP AMP 

AT LOW FREQ(IOHz) WIDEBAND(lkHz) 

0 to 400 

LT 1 028/LT 1128 

LT 1 028/LT 1128 

400 to 4k 

LT1 007/1 037 

LT 1 028/LT 1128 

4k to 40k 

LT1001 

LT1 007/1 037 

40k to 500k 

LT1012 

LT1001 

500k to 5M 

LT1012 or LT1055 

LT1012 

>5M 

LT1055 

LT1055 


Note 1: Source resistance is defined as matched or unmatched, e.g., 

Rs = Ik means: 1 k at each input, or 1 k at one input and zero at the other. 
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Noise Testing - Voltage Noise 

The LT1028/LT1128's RMS voltage noise density can be 
accurately measured using the Quan Tech Noise Analyzer, 
Model 51 73 or an equivalent noise tester. Care should be 
taken, however, to subtract the noise of the source resistor 
used. Prefabricated test cards for the Model 51 73 set the 
device under test in a closed-loop gain of 31 with a 60Q 
source resistor and a 1 ,8k feedback resistor. The noise of 
this resistor combination is 0.13V58 = I.OnV/VHz. An 
LT1 028/LT1 1 28 with 0.85nV/VHz noise will read (0.85 2 + 
1 ,0 2 ) 1/2 = 1 .31 nV/VHz. For better resolution, the resistors 
should be replaced with a 1 0Q source and 3000 feedback 
resistor. Even a 10Q resistor will show an apparent noise 
which is 8% to 10% too high. 

The 0.1Hz to 10Hz peak-to-peak noise of the LT1028/ 
LT1128 is measured in the test circuit shown. The fre- 
quency response of this noise tester indicates that the 
0.1 Hz corner is defined by only one zero. The test time to 
measure 0.1Hz to 10Hz noise should not exceed 10 
seconds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1 Hz. 


Measuring the typical 35nV peak-to-peak noise perfor- 
mance of the LT1028/LT1128 requires special test pre- 
cautions: 

(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically lOpV due to its chip temperature 
increasing 30°C to 40°C from the moment the power 
supplies are turned on. In the 10 second measure- 
ment interval these temperature-induced effects can 
easily exceed tens of nanovolts. 

(b) For similar reasons, the device must be well shielded 
from air current to eliminate the possibility of thermo- 
electric effects in excess of a few nanovolts, which 
would invalidate the measurements. 

(c) Sudden motion in the vicinity of the device can also 
“feedthrough” to increase the observed noise. 

A noise-voltage density test is recommended when mea- 
suring noise on a large number of units. A 10Hz noise- 
voltage density measurement will correlate well with a 
0.1Hz to 10Hz peak-to-peak noise reading since both 
results are determined by the white noise and the location 
of the 1/f corner frequency. 


0.1Hz to 10Hz Noise Test Circuit 


0.1 nF 



0.1Hz to 10Hz Peak-to-Peak Noise 
Tester Frequency Response 



0.01 0.1 1.0 10 100 
FREQUENCY (Hz) 

LT1028/1 1 28 • AI03 
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Noise Testing - Current Noise 

Current noise density (l n ) is defined by the following 
formula, and can be measured in the circuit shown: 

! _ [e no 2 - (31 x 18.4nVA/flz) 2 ] 1/2 
n “ 20k x 31 


1.8k 



If the Quan Tech Model 51 73 is used, the noise reading is 
input-referred, therefore the result should not be divided 
by 31 ; the resistor noise should not be multiplied by 31 . 

100% Noise Testing 

The 1 kHz voltage and current noise is 1 00% tested on the 
LT 1 028/LT 1 1 28 as part of automated testing; the approxi- 
mate frequency response of the filters is shown. The limits 
on the automated testing are established by extensive 
correlation tests on units measured with the Quan Tech 
Model 5173. 


10Hz voltage noise density is sample tested on every lot. 
Devices 1 00% tested at 1 0Hz are available on request for 
an additional charge. 

1 0Hz current noise is not tested on every lot but it can be 
inferred from 1 00% testing at 1 kHz. A look at the current 
noise spectrum plot will substantiate this statement. The 
only way 10Hz current noise can exceed the guaranteed 
limits is if its 1/f corner is higher than 800Hz and/or its 
white noise is high. If that is the case then the 1 kHz test will 
fail. 



_50 i i i i i iiiii i i i 1 1 1 in i i\ i i i inn 
100 Ik 10k 100k 

FREQUENCY (Hz) 


RPPUCOTIOnS IRFORfllRTIOn 

General 

The LT 1 028/LT 1128 series devices may be inserted di- 
rectly into OP-07, OP-27, OP-37, LT1007 and LT1037 
sockets with or without removal of external nulling com- 
ponents. In addition, the LT1028/LT1 1 28 may be fitted to 
5534 sockets with the removal of external compensation 
components. 

Offset Voltage Adjustment 

The input offset voltage of the LT1028/LT1 1 28 and its drift 
with temperature, are permanently trimmed at wafer test- 
ing to a low level. However, if further adjustment of Vos is 
necessary, the use of a Ik nulling potentiometer will not 
degrade drift with temperature. Trimming to a value other 



than zero creates a drift of (Vos/300)|xV/°C, e.g., if V 0 s is 
adjusted to 300|i/, the change in drift will be 1jrV/°C. 

The adjustment range with a Ik pot is approximately 
±1.1 mV. 

Offset Voltage and Drift 

Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input 
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terminals, can exceed the inherent drift of the amplifier 
unless proper care is exercised. Air currents should be 
minimized, package leads should be short, the two input 
leads should be close together and maintained at the same 
temperature. 

The circuit shown to measure offset voltage is also used 
as the burn-in configuration for the LT1028/LT1 128. 

Test Circuit for Offset Voltage 
and Offset Voltage Drift with Temperature 

10k* 



Unity-Gain Buffer Applications (LT1128 Only) 


When Rf < 1 OOO and the input is driven with a fast, large- 
signal pulse (>1V), the output waveform will look as 
shown in the pulsed operation diagram. 



During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input and acurrent, limited only bythe output short-circuit 
protection, will be drawn by the signal generator. With Rp 
> 5000, the output is capable of handling the current 
requirements (II < 20mA at 10V) and the amplifier stays 
in its active mode and a smooth transition will occur. 


As with all operational amplifiers when Rp > 2k, a pole will 
be created with Rp and the amplifier’s input capacitance, 
creating additional phase shift and reducing the phase 
margin. A small capacitor (20pF to 50pF) in parallel with Rp 
will eliminate this problem. 


Frequency Response 

The LT 1 028’s Gain, Phase vs Frequency plot indicates that 
the device is stable in closed-loop gains greater than +2 or 
-1 because phase margin is about 50° at an open-loop 
gain of 6dB. In the voltage follower configuration phase 
margin seems inadequate. This is indeed true when the 
output is shorted to the inverting input and the noninvert- 
ing input is driven from a 500 source impedance. How- 
ever, when feedback is through a parallel R-C network 
(provided Cf < 68pF), the LT1 028 will be stable because of 
interaction between the input resistance and capacitance 
and the feedback network. Larger source resistance at the 
noninverting input has a similar effect. The following 
voltage follower configurations are stable: 


33pF 




Another configuration which requires unity-gain stability 
is shown below. When Cp is large enough to effectively 
short the output to the input at 15MHz, oscillations can 
occur. The insertion of R $2 > 5000 will prevent the 
LT 1 028 from oscillating. When R$i > 5000, the additional 
noise contribution due to the presence of Rs 2 will be 
minimal. When Rsi < 1000, R $2 is not necessary, be- 
cause Rsi represents a heavy load on the output through 
the Cp short. When 1 0OO < Rsi < 5000, Rs 2 should match 
Rsi . For example, Rsi = Rs 2 = 3000 will be stable. The 
noise increase due to Rs 2 is 40%. 


ci 
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If Cp is only used to cut noise bandwidth, a similar effect 
can be achieved using the over-compensation terminal. 

The Gain, Phase plot also shows that phase margin is 
about 45° at gain of 10 (20dB). The following configura- 


10pF 



tion has a high (=70%) overshoot without the 1 0pF 
capacitor because of additional phase shift caused by the 
feedback resistor - input capacitance pole. The presence 
of the lOpF capacitor cancels this pole and reduces 
overshoot to 5%. 

Over-Compensation 

The LT1028/LT1 128 are equipped with a frequency over- 
compensation terminal (pin 5). A capacitor connected 
between pin 5 and the output will reduce noise bandwidth. 
Details are shown on the Slew Rate, Gain-Bandwidth 
Product vs Over-Compensation Capacitor plot. An addi- 
tional benefit is increased capacitive load handling capa- 
bility. 


TYPICAL APPUCflTIOn 


Strain Gauge Signal Conditioner with Bridge Excitation Low Noise Voltage Regulator 


28V 10 



X7TJBHS 
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LT1028/LT1128 


TVPicm flppLicnnon 


Paralleling Amplifiers to Reduce Voltage Noise 



1 . ASSUME VOLTAGE NOISE OF LT1028 AND 7.5Q SOURCE RESISTOR = 0.9nV/VHz. 

2. GAIN WITH n LT1 028s IN PARALLEL = n x 200. 

3. OUTPUT NOISE = Vnx 200 x 0.9nV/VHz. 

4. INPUT REFERRED NOISE = — nV/VHz. 

n x 200 Vn 

5. NOISE CURRENT AT INPUT INCREASES Vn TIMES. 

6. IF n = 5, GAIN = 1000, BANDWIDTH = 1MHz, RMS NOISE, DC TO 1MHz = ^ = 0.9iiV. 

V 5 


10Q 


Phono Preamplifier 



INPUT 


1028/11 28 TA06 


Tape Head Amplifier 



Low Noise, Wide Bandwidth Instrumentation Amplifier 



IF BW LIMITED TO DC TO 100kHz = 0.55|iV RM s 


Gyro Pick-Off Amplifier 


GYRO TYPICAL- 
NORTHROPCORP. 
GR-F5AH7-5B 
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LT1028/LT1128 


scHcmnnc DinGirom 
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LT1112/LT1114 


rrutmi 

TECHNOLOGY Dual/Quad Low Power 

Precision, Picoamp Input Op Amps 


F€fflUR€S 

■ S8 Package - Standard Pinout 

■ Offset Voltage - Prime Grade: 60|iV Max 

■ Offset Voltage - Low Cost Grade 

(Including Surface Mount Dual/Quad): 75nV Max 

■ Offset Voltage Drift: 0.5uV/°C Max 

■ Input Bias Current: 250pA Max 

■ 0.1 Hz to 10Hz Noise: 0.3|xVp.p, 2.2pAp.p 

■ Supply Current per Amplifier: 400pA Max 

■ CMRR: 120dB Min 

« Voltage Gain: 1 Million Min 

■ Guaranteed Specs with ±1.0V Supplies 

■ Guaranteed Matching Specifications 

■ LT1114 in Narrow Surface Mount Package 

nppucOTions 

■ Picoampere/Microvolt Instrumentation 

■ Two and Three Op Amp Instrumentation Amplifers 

■ Thermocouple and Bridge Amplifiers 

• Low Frequency Active Filters 

• Photo Current Amplifiers 
« Battery-Powered Systems 


DCSCMPTIOn 

The LT1 1 1 2 dual and LT1 1 1 4 quad op amps achieve a new 
standard in combining low cost and outstanding precision 
specifications. 

The performance of the selected prime grades matches or 
exceeds competitive devices. In the design of the LT1 1 1 2/ 
LT1 1 14 however, particular emphasis has been placed on 
optimizing performance in the low cost plastic and SO 
packages. For example, the 75prV maximum offset voltage 
in these low cost packages is the lowest on any dual or 
quad non-chopper op amp. 

The LT1 1 1 2/LT 1114 also provide a full set of matching 
specifications, facilitating their use in such matching 
dependent applications as two and three op amp instru- 
mentation amplifiers. 

Another set of specifications is furnished at±1 Vsupplies. 
This, combined with the low 320pA supply current per 
amplifier, allows the LT1 1 1 2/LT 1114 to be powered by 
two nearly discharged AA cells. 

Protected by U.S. Patents 4,575,685; 4,775,884 and 4,837,496 


Dual Output, Buffered Reference (On Single 3V Supply) 


Distribution of Input Offset Voltage 
(In All Packages) 



TOTAL SUPPLY CURRENT = 700^iA 

2 V REFERENCE: SOURCES 1.7mA, SINKS 5mA 

OPTIONAL R x = 300C2 INCREASES SOURCE 

CURRENT TO 5mA 

0.765V REFERENCE: SOURCES 5mA, 

SINKS 0.5mA 

TEMPERATURE COEFFICIENT LIMITED 
BY REFERENCE = 20ppm/°C 
MINIMUM SUPPLY = 2.7V 



g l i i l t J 1— J 

-70 -50 -30 -10 10 30 50 70 

INPUT OFFSET VOLTAGE (piV) 


LT1112/14-TA02 


rrunm 
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LT1112/LT1114 


rbsoiutc mnximum rrtidgs 


Supply Voltage ±20V 

Differential Input Current (Note 1) ±10mA 

Input Voltage (Equal to Supply Voltage) ±20V 

Output Short-Circuit Duration Indefinite 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Operating Temperature Range 
LT1112AM/LT1112M 

LT1 1 1 4AM/LT 1 1 1 4M -55°Cto125°C 

LT1 1 1 2AC/LT1 1 1 2C/LT1 1 1 2S8 

LT1 1 1 4AC/LT1 1 1 4C/LT1 1 1 4S -40°Cto85°C 


PRCKRG€/ORD€R MFORfRATIOn 



TOP VIEW 

11 


ORDER PART 
NUMBER 

TOP VIEW 

ORDER PART 
NUMBER 



T| V + 

T] OUTB 

T| -INB 

J] +IN B 


J] V + 

7] OUTB 

T| -INB 

J] +INB 

-IN A |T 
+IN A [T 

v [T 

1 

uui « u_ 

-IN A E 

+ INA E 

V" E 



LT1112AMJ8 

LT1112MJ8 

LT1112ACN8 

LT1112CN8 

LT1112S8 

S8 PART MARKING 

J8 PACKAGE N8 PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

Tjmax = 160 o C, e JA = 100°C/W(J8) 

Tjmax = 140°C, 0j A = 130°C/W (N8) 


S8 PACKAGE 

0 

o°c/w 

8-LEAD PLASTIC 

Tjmax = 140°C, 0ja = 19 

1112 


TOP VIEW 


ORDER PART 


TOP VIEW 


ORDER PART 

OUT A (T 

1| 

T4| OUT D 

NUMBER 

outaE 

II 

16| OUT D 

NUMBER 

-IN A E 
+IN A E 


13) -IND 

12] +IN D 


-IN A E 

+INA nr 

^ II 

m -iND 

14] +IND 



LT1114AMJ 


LT1114S 

v + E 


m V- 

LT1114MJ 

V + E 


1 V" 


+INB E 


io| +INC 

LT1114ACN 

+INB E 

TbS,^ - 

iH +INC 


-INB E 

l^irxl 

El -INC 

LT1114CN 

-INB E 


ni -Inc 


OUT B E 

JL-, 

El OUT C 


outbE 

11 

H OUT C 


J PACKAGE N PACKAGE 


NC E 


E NC 


14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 



c: pap.kagf 



Tjmax 

160°C, 0 JA = 80°C/W (J) 


16-LEAD PLASTIC SO (NARROW) 


Tjmax = 

140°C, 0 JA =11 0°C/W (N) 


Tjmax = 

140°C, 0 JA = 150°C/W 



Consult factory for Industrial grade parts. 


€l€CTRICfll CHRRRCTCRISTICS Vs = ±15V, Vqm = 0V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 2) 

LT1112AM/AC 

LT1114AM/AC 

MIN TYP MAX 

LT1112M/C/S8 

LT1114M/C/S 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


20 

60 

25 

75 

mV 



V s = ±1.0 V 

40 

110 

45 

130 

mV 

AVos 

Long Term Input Offset 


0.3 


0.3 


mV/mo 

ATime 

Voltage Stability 







■os 

Input Offset Current 


50 

180 

60 

230 

pA 



LT1114S 



75 

330 

pA 

<B 

Input Bias Current 


±70 

±250 

±80 

±280 

pA 



LT1114S 



±100 

±450 

pA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 9) 

0.3 

0.9 

0.3 

0.9 

MVp-p 
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LT1112/LJ1114 


16 CTRICAI CHRRRCT€RISTICS Vs = ±15V, V C m = OV, Ta = 25°C, unless otherwise noted. 


rMBOL 

PARAMETER 

CONDITIONS (Note 2) 

LT1112AM/AC 

LT1114AM/AC 

MIN TYP MAX 

LT1112M/C/S8 

LT1114M/C/S 

MIN TYP MAX 

UNITS 


Input Noise Voltage Density 

f 0 = 10Hz (Note 9) 


16 

28 


16 

28 

nVA/Fiz 



f 0 = 1000Hz (Note 9) 


14 

18 


14 

18 

nV/VHz 


Input Noise Current 

0.1 Hz to 10Hz 

| 2.2 | 

2.2 

pAp.p 


Input Noise Current Density 

f 0 = 10Hz 


0.030 



0.030 


p/WHz 



f 0 = 1000Hz 


0.008 



0.008 


pA/VHz 

M 

Input Voltage Range 


±13.5 

±14.3 


±13.5 

±14.3 


V 

m 

Common-Mode Rejection Ratio 

Vq M = ±13.5V 

120 

136 


115 

136 


dB 

;rr 

Power Supply Rejection Ratio 

Vs = ±1 .OV to ±20V 

116 

126 


114 

126 


dB 


Minimum Supply Voltage 

(Note 4) 

±1.0 ! 

±1.0 

V 

\i 

Input Resistance 










Differential Mode 

(Note 3) 

20 

50 


15 

40 


MQ 


Common Mode 



800 



700 


GQ 

OL 

Large-Signal Voltage Gain 

V 0 = ±12V, R l = 1 OkQ 

1000 

5000 


800 

5000 


V/ mV 



V o = ±10V, R L = 2kQ 

800 

1500 


600 

1300 


V/mV 

lUT 

Output Voltage Swing 

R L = 1 OkQ 

±13.0 

±14.0 


±13.0 

±14.0 


V 



R l = 2kQ 

±11.0 

±12.4 


±11.0 

±12.4 


V 

t 

Slew Rate 


0.16 

0.30 


0.16 

0.30 


V/jUS 

IW 

Gain-Bandwidth Product 

f 0 = 10kHz 

450 

750 


450 

750 


kHz 


Supply Current per Amplifier 



350 

400 


350 

450 

pA 



V S = ±1.0V 


320 

370 


320 

420 

pA 


Channel Separation 

f 0 = 10Hz 

150 

150 

dB 

bs 

Offset Voltage Match 

(Note 5) 


35 

100 


40 

130 

HV 

B + 

Noninverting Bias Current Match 



100 

450 


100 

500 

pA 


(Notes 5, 6) 

LT1114S 





120 

680 

pA 

;mrr 

Common-Mode Rejection Match 

(Notes 5, 7) 

117 

136 


113 

136 


dB 

>SRR 

Power Supply Rejection Match 

(Notes 5, 7) 

114 

130 


112 

130 


dB 


LCCTRICRL CHRRRCTCRISTICS Vs = ±15V, -55°C < Ta < 125°C, unless otherwise noted. 


rMBOL 

PARAMETER 

CONDITIONS (Note 2) 

LT1112AMJ8 

LT1114AMJ 

MIN TYP MAX 

LT1112MJ8 

LT1114MJ 

MIN TYP MAX 

UNITS 

IS 

Input Offset Voltage 

V s = ±1 ,2V 

• 

• 

35 120 

60 220 

45 150 

70 260 

mV 

mV 

Vos 

r emp 

Average Input Offset Voltage Drift 

(Note 8) 

• 

0.15 0.5 

0.20 0.75 

mW°c 

5 

Input Offset Current 


• 

80 400 

100 500 

pA 


Input Bias Current 


• 

±150 ±600 

±170 ±700 

pA 

M 

Input Voltage Range 


• 

±13.5 ±14.1 

±13.5 ±14.1 

V 

/IRR 

Common-Mode Rejection Ratio 

V CM = ±13.5V 

• 

116 130 

111 130 

dB 

;rr 

Power Supply Rejection Ratio 

V s = ±1 .2V to ±20V 

• 

112 124 

110 124 

dB 

r OL 

Large-Signal Voltage Gain 

V 0 = ±12V, R l = 1 0kQ 

V o = ±10V, R l = 2kQ 

• 

500 2500 

200 600 

400 2500 

170 500 

V/mV 

V/mV 


LTUffi® 
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LT1112/LT1114 


€L€CTRiCm CHRRnCTCRISTICS Vs = ±15V, -55°C <Ta < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

■ 

• 

CONDITIONS (Note 2) 

LT1112AMJ8 

LT1114AMJ 

MIN TYP MAX 

MIN 

LT1112MJ8 

LT1114MJ 

TYP MAX 

UNIT! 

V 0UT 

Output Voltage Swing 

R L = 10kQ 

• 

±13.0 

±13.85 


±13.0 

±13.85 



SR 

Slew Rate 



0.12 

0.22 


0.12 

0.22 


V/p 

Is 

Supply Current per Amplifier 


• 


380 

460 


380 

530 


AVos 

Offset Voltage Match 

(Note 5) 

• 


55 

200 


70 

240 

P 


Offset Voltage Match Drift 

(Notes 5, 8) 

• 


0.2 

0.7 


0.3 

1.0 

pV/° 

ai b + 

Noninverting Bias Current Match 

(Notes 5, 6) 

• 


150 

750 


170 

850 

p 

ACMRR 

Common-Mode Rejection Ratio 

(Notes 5, 7) 

• 

112 

130 


106 

130 


d 

APSRR 

Power Supply Rejection Ratio 

(Notes 5, 7) 

• 

109 

126 


106 

126 


d 


tt€CTMCRl CHflRflCT€RISTICS Vs = ±15V, 0°C < Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 2) 

LT1112ACN8 

LT1114ACN 

MIN TYP MAX 

LT1112N8/S8 

LT1114CN/S 

MIN TYP MAX 

UNIT! 

Vos 

Input Offset Voltage 

LT1112N8 

• 


27 

100 


30 

125 




LT1112S8, LT1114N/S 

• 


35 

125 


45 

150 




V S = ±1.2V 

• 


50 

175 


65 

210 


AVqs ' 

Average Input Offset Voltage Drift 

LT1112N8 

• 


0.15 

0.5 


0.2 

0.75 

|iV/° 

ATemp 

(Note 8) 

LT1112S8, LT1114N/S 

• 


0.3 

1.1 


0.4 

1.3 

pV/° 

•os 

Input Offset Current 


• 


60 

220 


70 

290 

P 



LT1114S 

• 





90 

420 

P 

Ib 

Input Bias Current 


• 


±80 

±300 


±90 

±350 

P 



LT1114S 

• 





±115 

±550 

P 

Vcm 

Input Voltage Range 


• 

±13.5 

±14.2 


±13.5 

±14.2 



CMRR 

Common-Mode Rejection Ratio 

V CM = ±1 3.5V 

• 

118 

133 


113 

133 


d 

PSRR 

Power Supply Rejection Ratio 

V s = ±1 .2V to ±20V 

• 

114 

125 


112 

125 


d 

Avol 

Large-Signal Voltage Gain 

V 0 = ±12V, R L = 10kQ 

• 

800 

4000 


650 

4000 


V/m 



V 0 = ±1 0V, R L = 2kQ 


500 

1300 


400 

1000 


V/m 

Vout 

Output Voltage Swing 

R L = 1 0k£2 

• 

±13.0 

±13.9 


±13.0 

±13.9 



SR 

Slew Rate . 



0.14 

0.27 


0.14 

0.27 


V/p 

•s 

Supply Current per Amplifier 


• 


370 

440 


370 

500 


AVos 

Offset Voltage Match 

LT1112N8 

• 


45 

170 


55 

210 

M 


(Note 5) 

LT1112S8, LT1114N/S 

• 


55 

220 


70 

270 

M 


Offset Voltage Match Drift 

LT1112N8 

• 


0.2 

0.7 


0.3 

1.0 

piV/ 0 


(Notes 5, 8) 

LT1112S8, LT1114N/S 

• 


0.4 

1.6 


0.5 

1.9 

jjV/° 

AI B + 

Noninverting Bias Current Match 


• 


120 

530 


135 

620 

P 


(Notes 5, 6) 

LT1114S 

• 





160 

880 

P 

ACMRR 

Common-Mode Rejection Ratio 

(Notes 5, 7) 

• 

114 

134 


109 

134 


d 

APSRR 

Power Supply Rejection Ratio 

(Notes 5, 7) 

• 

110 

128 


108 

128 


d 
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LT1112/LT1114 


IlCCTRICfll CHRRRCTCRISTICS v s =±i 5 v, -40°C < Ta < 85°C, (Note 1 0) 


YMBOL 

PARAMETER 

CONDITIONS (Note 2) 

LT1112ACN8 

LT1114ACN 

MIN TYP MAX 

LT1112N8/S8 

LT1114CN/S 

MIN TYP MAX 

UNITS 

os 

Input Offset Voltage 

LT1112N8 

• 


30 

110 


35 

135 

txV 



LT1112S8, LT1114N/S 

• 


40 

135 


45 

160 

mV 



V S = ±1.2V 

• 


55 

200 


60 

240 

mV 

Wos 

Average Input Offset Voltage Drift 

LT1112N8 



0.15 

0.50 


0.20 

0.75 

M.V/°C 

Temp 


LT1112S8, LT1114N/S 

• 


0.30 

1.10 


0.40 

1.30 

pV/°C 

)S 

Input Offset Current 


• 


70 

330 


85 

400 

pA 



LT1114S 

• 





110 

600 

pA 

i 

Input Bias Current 


• 


±110 

±500 


±120 

±550 

pA 



LT1114S 

• 





±150 

±800 

pA 

CM 

Input Voltage Range 


• 

±13.5 

±14.1 


±13.5 

±14.1 


V 

MRR 

Common-Mode Rejection Ratio 

V CM = ±1 3.5V 

• 

117 

132 


112 

132 


dB 

SRR 

Power Supply Rejection Ratio 

V s = ±1 .2V to ±20V 

• 

113 

125 


111 

125 


dB 

VOL 

Large-Signal Voltage Gain 

V 0 = ±12V, R l = 10kQ 

• 

700 

3300 


600 

3300 


V/mV 



V o = ±10V, R l = 2k£i 

• 

400 

1100 


300 

900 


V/mV 

OUT 

Output Voltage Swing 

R L = 10kQ 

• 

±13.0 

±13.85 


±13.0 

±13.85 


V 

R 

Slew Rate 


• 

0.13 

0.24 


0.13 

0.24 


V/^s 

5 

Supply Current per Amplifier 


• 


370 

450 


370 

510 

MA 

Vos 

Offset Voltage Match 

LT1112N8 

• 


50 

180 


60 

225 

mV 


(Note 5) 

LT1112S8, LT1114N/S 

• 


60 

230 


70 

270 

mV 


Offset Voltage Match Drift 

LT1112N8 

• 


0.2 

0.7 


0.3 

1.0 

mV / 0 c 


(Notes 5) 

LT1112S8, LT1114N/S 

• 


0.4 

1.6 


0.5 

1.9 

mV/°C 

V 

Noninverting Bias Current Match 


• 


140 

660 


155 

770 

pA 


(Notes 5, 6 ) 

LT1114S 

• 





190 

1300 

pA 

CMRR 

Common-Mode Rejection Ratio 

(Notes 5, 7) 

• 

113 

133 


109 

133 


dB 

PSRR 

Power Supply Rejection Ratio 

(Notes 5, 7) 

• 

110 

127 


107 

127 


dB 


he • denotes specifications which apply over the operating temperature 
inge. 

lote 1: Differential input voltages greater than IV will cause excessive 
urrent to flow through the input protection diodes unless limiting 
jsistance is used. 

lote 2: Typical parameters are defined as the 60% yield of parameter 
istributions of individual amplifiers; i.e., out of 100 LT1114s (or 100 
Til 12s) typically 240 op amps (or 120) will be better than the indicated 
pecification. 

lote 3: This parameter is guaranteed by design and is not tested. 

lote 4: Offset voltage, supply current and power supply rejection ratio 

re measured at the minimum supply voltage. 

lote 5: Matching parameters are the difference between amplifiers A and 

i and between B and C on the LT1 1 14; between the two amplifiers on the 

T1112. 


Note 6: This parameter is the difference between two noninverting 
input bias currents. 

Note 7: ACMRR and APSRR are defined as follows: (1) CMRR and 
PSRR are measured in jiV/V on the individual amplifiers. (2) The 
difference is calculated between the matching sides in jllV/V. (3) The 
result is converted to dB. 

Note 8: This parameter is not 100% tested. 

Note 9: These parameters are not tested. More than 99% of the op 
amps tested during product characterization have passed the 
maximum limits. 100% passed at 1kHz. 

Note 10: The LT1 1 12/LT1 1 14 are not tested and are not quality 
assurance sampled at -40°C and at 85°C. These specifications are 
guaranteed by design, correlation and/or inference from -55°C, 0°C, 
25°C, 70°C and/or 125°C tests. 
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PERCENT OF UNITS PERCENT OF INPUTS , INPUT BIA f ’ 0FFSET - MATCH CURRENT (pA) 


LT1112/LTm4 

TVPicni P€RFonmnnc€ chrrrctcristics 


Input Bias and Offset Current, 

Noninverting Bias Current Match Input Bias Current Over Distribution of Input Bias Current 

vs Temperature Common-Mode Range (In All Packages Except LT1114S) 



TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V) INPUT BIAS CURRENT (pA) 


LT1112/14-TPC01 


LT11 12/14 •TPC02 


IT1112/14 •TPC03 


Drift with Temperature 
LT1112N8/J8, LT1114J 



- 0.8 - 0.6 - 0.4 - 0.2 0 0.2 0.4 0.6 0.8 

OFFSET VOLTAGE DRIFT WITH TEMPERATURE (p.V/°C) 


Drift with Temperature 
LT1112S8, LT1114N/S 



- 1.4 - 1.0 - 0.6 - 0.2 0.2 0.6 1.0 1.4 

OFFSET VOLTAGE DRIFT WITH TEMPERATURE (nV/°C) 


Distribution of Offset Voltage at 
Vs = ±1 .OV (In All Packages) 



-80 -60 -40 -20 0 20 40 60 80 10 

INPUT OFFSET VOLTAGE (nV) 


Distribution of Offset 
Voltage Match 



- 100 - 80 - 60 - 40-20 0 20 40 60 80 100 
AV 0S , OFFSET VOLTAGE MATCH (nV) 


Distribution of Offset Voltage 
Match Drift (LT1112J8, LT1112N8, 
LT1114J Packages) 



- 0.8 - 0.6 - 0.4 - 0.2 0 0.2 0.4 0.6 0.8 

OFFSET VOLTAGE MATCH DRIFT (nW°C) 


Distribution of Offset Voltage 
Match Drift (LT1112S8, LT1114N, 
LT1114S Packages) 



- 1.6 - 1.2 - 0.8 - 0.4 0 0.4 0.8 1.2 1 . 

OFFSET VOLTAGE MATCH DRIFT (nV/°C) 


LT1112/14- TPC07 


LT1112/14 - TPC08 


LT1112/14»TPC09 
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LT1112/LT1114 


TVPICRl P€RFORmnnC€ CHARACTERISTICS 


Noise Spectrum 



1 10 100 1000 


FREQUENCY (Hz) 

LT1 112/14 •TPC10 


0.1Hz to 10Hz Noise 


1 

■ 

■ 

■ 

■ 


■ 

■ 


m 

m 

m 

m 


n 





■! 

I 

I 

I 

1 

■ 


0 2 4 6 8 10 

TIME (SEC) 

LT1112/14-TPC11 



0 20 40 60 80 100 


TIME (SEC) 

LT1 112/14 • TPC12 


Warm-Up Drift 


v s = ±i 

T A = 25 

— 

5 V 
°C 



■ 






■ 

LT 1111 

S8.LT11 

I4N/S PA 

CKAGES 

■ 


■ 




■ 

LT 1112 

— 

J8, N8 PA 

— 

CKAGES 







0 0.5 1.0 1.5 2.0 2.5 

TIME AFTER POWER ON (MINUTES) 


Long Term Stability of Three 
Representative Units 



TIME (MONTHS) 


Supply Current per Amplifier 
vs Supply Voltage 

600 

1 

| 500 


ot 400 


| 300 

a! 

CL 
ZD 
CO 

200 

0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (V) 




■ 

■ 






Ta=125°Cj 




— — i 

T A = 25°C 




T a = -55°c| 


■ 


LT1 1 1 2/1 4 • TPC1 3 


LT1112/14-TPC14 


LT1 1 1 2/1 4 • TPC1 5 


Minimum Supply Voltage vs Temp 
Voltage Gain at Minimum Supply 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1 1 12*14 -TPC16 


Common-Mode Range and 
Voltage Swing with Respect to 
Supply Voltages 


Output Voltage Swing 
vs Load Current 
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IDTH PRODUCT (kHz) SLEW RATE (V/^is) COMMON-MODE REJECTION RATIO (dB) CHANGE IN OFFSET VOLTAGE (jiV) 


LT1112/LT1114 


TVPICRl P€RFORmnnC€ CHRRRCT€RISTICS 


Voltage Gain 



OUTPUT VOLTAGE (V) 

LT1112/14*TPC19 



0.01 0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

LT1 1 12/1 4 • TPC20 



0.1 1 
FREQUENCY (MHz) 


100 

120 

5 

140 § 


3 

160-0 


180 

200 


LT1112/14*TPC21 


Common-Mode Rejection 
vs Frequency 


Power Supply Rejection 
vs Frequency 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


LT1112/14 •TPC22 


LT11 12/14 -TPC23 


Slew Rate, Gain-Bandwidth 
Product and Phase Margin 

vs Temperature Closed-Loop Output Impedance 



IT1112/14-TPC25 IT1112/14*TPC26 


Channel Separation vs Frequency 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


LT11 12/14 -TPC24 


Capacitive Loading Handling 



CAPACITIVE LOAD (|iF) 

LT1112/14*TPC27 
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LT1112/LT1114 


typical P€RFORmnnc€ chrrrctcristics 


Small-Signal Transient Response 


2ms/DIV 

A v = +1 
C L = 500pF 
V s = ±1 5V 



Large-Signal Transient Response 



50jus/DIV 

A v = +1 
R F = 1 0k 
C F = lOOpF 
V S = ±15V 


Undistorted Output Voltage 
vs Frequency 



1 10 100 1000 
FREQUENCY (kHz) 


LT11 12/14 *TPC30 


RPPUCRTIORS IRFORfYIRTIOn 

The LT1112 dual and LT1114 quad in the plastic and 
ceramic DIP packages are pin compatible to and directly 
replace such precision op amps as the OP-200, OP-297, 
AD706 duals and OP-400, OP-497, AD704 quads with 
improved price/performance. 

The LT1112 in the S8 surface mount package has the 
standard pin configuration, i.e., the same configuration as 
the plastic and ceramic DIP packages. 

The LT11 14 quad is offered in the narrow 16-pin surface 
mount package. All competitors are in the wide 16-pin 
package which occupies 1 .8 times the area of the narrow 
package. The wide package is also 1 .8 times thicker than 
the narrow package. 

The inputs of the LT1 1 1 2/1 1 1 4 are protected with back-to- 
back diodes. In the voltage follower configuration, when 


the input is driven by a fast large-signal pulse (>1V), the 
input protection diodes effectively short the output to the 
input during slewing, and a current, limited only by the 
output short-circuit protection, will flow through the 
diodes. 

The use of a feedback resistor is recommended because 
this resistor keeps the current below the short-circuit limit, 
resulting in faster recovery and settling of the output. 

The input voltage of the LT1 1 1 2/1 1 1 4 should never exceed 
the supply voltages by more than a diode drop. However, 
the example below shows that as the input voltage exceeds 
the common-mode range, the LT1112’s output clips 
cleanly, without any glitches or phase reversal. The OP-297 
exhibits phase reversal. The photos also illustrate that both 
the input and output ranges of the LT1112 are within 


Voltage Follower with Input Exceeding the Common-Mode Range (V$ = ±5V) 



INPUT: ±5.2V Sine Wave LT1 1 12 Output OP-297 Output 


rrunm 
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LT1112/LT1114 


nppucrmons mFORmnnon 

800mV of the supplies. The effect of input and output 
overdrive on the other amplifiers in the LT1112 or 
LT1114 packages is negligible, as each amplifier is 
biased independently. 

Advantages of Matched Dual and Quad Op Amps 

In many applications the performance of a system de- 
pends on the matching between two operational amplifi- 
ers rather than the individual characteristics of the two op 
amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters are 
some of the circuits requiring matching between two op 
amps. 

The well-known triple op amp configuration illustrates 
these concepts. Output offset is a function of the differ- 
ence between the offsets of the two halves of the LT1 1 1 2. 
This error cancellation principle holds for a considerable 
number of input referred parameters in addition to offset 
voltage and its drift with temperature. Input bias current 
will be the average of the two noninverting input currents 
(Ib + ). The difference between these two currents (AIb + ) is 
the offset current of the instrumentation amplifier. Com- 
mon-mode and power supply rejections will be dependent 
only on the match between the two amplifiers (assuming 
perfect resistor matching). 

The concepts of common-mode and power supply rejec- 
tion ratio match (ACMRR and APSRR) are best demon- 
strated with a numerical example: 

Assume CMRRa = +1p.V/V or 120dB, 
and CMRR b = +0.75pV/V or 122.5dB, 
then ACMRR = 0.25pV/V or 132dB; 
if CMRR b = -0.75|iV/V which is still 122.5dB, 
then ACMRR = 1.75pV/V or 115dB. 

Clearly the LT1 1 1 2/LT 1 1 1 4, by specifying and guarantee- 
ing all of these matching parameters, can significantly 
improve the performance of matching-dependent 
circuits. 

Typical performance of the instrumentation amplifier: 

Input offset voltage = 35g.V 
Offset voltage drift = 0.3pV/°C 
Input bias current = 80pA 


Input offset current = lOOpA 
Input resistance = 800GQ 
Input noise = 0.42pV P . P 


Three Op Amp Instrumentation Amplifier 



When the instrumentation amplifier is used with high 
impedance sources, the LT1114 is recommended be- 
cause its CMRR vs frequency performance is better than 
the LT1 1 1 2’s. For example, with two matched 1 Mil source 
resistors, CMRR at 1 00Hz is 1 0OdB with the LT1 1 1 4, 76dB 
with theLT1 11 2. 

This difference is explained by the fact that capacitance 
between adjacent pins on an 1C package is about 0.25pF 
(including package, socket and PC board trace capaci- 
tances). 

On the dual op amp package, positive input A is next to the 
V" pin (AC ground), while positive input B has no AC 
ground pin adjacent to it, resulting in a 0.25pF input 
capacitance mismatch. At 100Hz, 0.25pF represents a 
6.4 x 1 0 9 input impedance mismatch, which is only 76dB 
higher than the IMil source resistors. 

On the quad package, all four inputs are adjacent to a 
power supply terminal— therefore, there is no mismatch. 
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LTH12/LT1114 


typical nppucnnon 

Dual Buffered ±0.61 7V Reference Powered by Two AA Batteries 



TOTAL SUPPLY CURRENT = 700pA 
WORKS WITH BATTERIES DISCHARGED 
TO ±1.3V 

AT ±1.5V: MAXIMUM LOAD CURRENT = 800jxA; 
CAN BE INCREASED WITH OPTIONAL R x , R Y ; 
AT R x = Ry = 750£2 LOAD CURRENT = 2mA 
TEMPERATURE COEFFICIENT LIMITED BY 
REFERENCE = 20ppm/°C 


LT1 1 1 2/1 4 • TA03 


scHcmnTic DinGRpm (1/2 LT1112, 1/4 LT1114) 

v + 
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LT1113 


TECHNOLOGY 


Dual Low Noise, 


Precision, JFET Input Op Amps 


F€fflUft€S 


DCSCRIPTIOn 


100% Tested Low Voltage Noise 6nV/VHz Max 
S8 Package Standard Pinout 
Voltage Gain 1.2 Million Min 

Offset Voltage 1 ,5mV Max 

Offset Voltage Drift 1 5|iV/°C Max 

Input Bias Current, Warmed Up 450pA Max 

Gain-Bandwidth Product 6.3MHz Typ 

Guaranteed Specifications with ±5V Supplies 
Guaranteed Matching Specifications 


nppucOTions 

■ Photocurrent Amplifiers 

■ Hydrophone Amplifiers 

■ High Sensitivity Piezoelectric Accelerometers 

■ Low Voltage and Current Noise Instrumentation 
Amplifier Front Ends 

■ Two and Three Op Amp Instrumentation Amplifiers 

■ Active Filters 


The LT1113 achieves a new standard of excellence in 
noise performance for a dual JFET op amp. The 4.5nV/VHz 
1kHz noise combined with low current noise and 
picoampere bias currents makes the LT1113 an ideal 
choice for amplifying low level signals from high imped- 
ance capacitive transducers. 

The LT1113 is unconditionally stable for gains of 1 or 
more, even with load capacitances up to lOOOpF. Other 
key features are 0.4mV Vos, voltage gain of 4 million. Each 
individual amplifier is 1 00% tested for voltage noise, slew 
rate, and gain-bandwidth. 

The design of the LT1 1 13 has been optimized to achieve 
true precision performance with an industry standard 
pinout in the S8 package. A set of specifications are 
provided for +5V supplies and a full set of matching 
specifications are provided to facilitate their use in such 
matching dependent applications as instrumentation 
amplifier front ends. 


TVPICRl APPUCRTIOn 


Low Noise Hydrophone Amplifier with DC Servo 


1kHz Input Noise Voltage Distribution 
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LT1113 


absolute mnximum ratirgs 


Supply Voltage 

-55°C to 105°C ±20V 

105°C to 125°C ±16V 

Differential Input Voltage ±40V 

Input Voltage (Equal to Supply Voltage) ±20V 

Output Short Circuit Duration 1 Minute 


Operating Temperature Range 

LT1 1 1 3AM/LT1 1 1 3M -55°Cto125°C 

LT1 1 1 3AC/LT 111 3C -40°Cto85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


package/order inFORmATion 


OUT A [TJ 



8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 


TjMAX = 160 o C,e JA = 100°C/W(J8) 
Tjmax = 140°C, 0j A = 130°C/W (N8) 


ORDER PART 
NUMBER 


LT1113AMJ8 

LT1113MJ8 

LT1113ACN8 

LT1113CN8 


TOP VIEW 

OUT A 
-IN A 
+IN A 
V“ 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 



Tjmax = 160°C, 0 JA = 190°C/W 


ORDER PART 
NUMBER 


LT1113CS8 


S8 PART MARKING 


1113 


Consult factory for Industrial grade parts. 


ELECTRICAL CHARACTERISTICS 


V$ = +15V, Vcm = 0V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

LT1113AM/AC 

MIN TYP MAX 

LT1113M/C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


0.40 1.5 

0.50 1.8 

mV 



V s = ±5V 

0.45 1.7 

0.55 2.0 

mV 

•os 

Input Offset Current 

Warmed Up (Note 2) 

30 100 

35 150 

PA 

•b 

Input Bias Current 

Warmed Up (Note 2) 

300 450 

320 480 

pA 

e n 

Input Moise Voltage 

0.1 Hz to 10Hz 

2.4 

2.4 

pVp.p 


Input Noise Voltage Density 

f 0 = 10Hz 

17 

17 

nV/VHz 



f 0 = 1000Hz 

4.5 6.0 

4.5 6.0 

nVA/Hz 

■n 

Input Noise Current Density 

fo=10Hz, f 0 = 1000Hz (Note 3) 

10 

10 

fAA/Hz 

Rin 

Input Resistance 






Differential Mode 


10 11 

10 11 

Q 


Common Mode 

V CM = -10V to 8V 

10 11 

10 11 

Q 



Vcm = 8V to 11V 

10 10 

10 10 

Q 

C|N 

Input Capacitance 


14 

14 

PF 



V S = ±5V 

27 

27 

PF 

Vcm 

Input Voltage Range (Note 4) 


13.0 13.5 

13.0 13.5 

V 




-10.5 -11.0 

-10.5 -11.0 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -10V to 13V 

85 98 

82 95 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 4.5V to ± 20V 

86 100 

83 98 

dB 

Avol 

Large-Signal Voltage Gain 

V 0 = ±1 2V, R l = 10k 

1200 4800 

1000 4500 

V/m V 



V o = ±10V, R L = Ik 

600 4000 

500 3000 

V/mV 
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LT1113 


ELECTRICAL CHARACTERISTICS 


Vs = ±15V, Vcm = OV, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1113AM/AC 

MIN TYP MAX 

MIN 

LT1113M/C 

TYP 

MAX 

UNITS 

VOUT 

Output Voltage Swing 

-2£ 

o 

ii 
_ i 

cc 

±13.5 

±13.8 


±13.0 

±13.8 


V 



R L = Ik 

±12.0 

±13.0 


±11.5 

±13.0 


V 

SR 

Slew Rate 

R L > 2k (Note 6) 

2.5 

4.2 


2.5 

4.2 


V/ps 

GBW 

Gain-Bandwidth Product 

f 0 = 100kHz 

4.5 

6.3 


4.5 

6.3 


MHz 


Channel Separation 

f 0 = 10Hz, V o = ±10V, R L = Ik 

! 130 

| 126 | 

dB 

Is 

Supply Current per Amplifier 



5.3 

6.25 


5.3 

6.50 

mA 



V s = ±5V 


5.3 

6.20 


5.3 

6.45 

mA 

AVos 

Offset Voltage Match 



0.8 

2.5 


0.8 

3.3 

mV 

aIb + 

Noninverting Bias Current Match 

Warmed Up (Note 2) 


10 

80 


10 

120 

pA 

ACMRR 

Common-Mode Rejection Match 

(Note 8) 

81 

94 


78 

94 


dB 

APSRR 

Power Supply Rejection Match 

(Note 8) 

82 

95 


80 

95 


dB 


Vs = ±15V, Vqm = OV, 0°C < Ta < 70°C, unless otherwise noted. (Note 9) 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1113AC 

TYP 

MAX 

MIN 

LT1113C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


0.6 

2.1 


0.7 

2.5 

mV 



V S = ±5V 

• 


0.7 

2.3 


0.8 

2.7 

mV 

AVos 

Average Input Offset 

(Note 5) 

• 


7 

15 


8 

20 

*iV/°C 

ATemp 

Voltage Drift 










los 

Input Offset Current 




50 

350 

. 

55 

450 

pA 

Ib 

Input Bias Current 




600 

1200 


700 

1600 

pA 

Vcm 

Input Voltage Range 


# 

12.9 

13.4 


12.9 

13.4 


V 




• 

-10.0 

-10.8 


-10.0 

-10.8 


V 

CMRR 

Common-Mode Rejection Ratio 

Vcm = -10V to 12.9V 

• 

81 

97 


79 

94 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±20V 

• 

83 

99 


81 

97 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = ±1 2V, R L = 10k 

• 

900 

3600 


800 

3400 


V/mV 



V o = ±10V, R L = Ik 

• 

500 

2600 


400 

2400 


V/mV 

VOUT 

Output Voltage Swing 

R L = 10k 

• 

±13.2 

±13.5 


±12.7 

±13.5 


V 



R L = Ik 

• 

±11.7 

±12.7 


±11.3 

±12.7 


V 

SR 

Slew Rate 

R L >2k (Note 6) 

• 

2.3 

4.0 


1.9 

4.0 


V/ps 

GBW 

Gain-Bandwidth Product 

f 0 = 100kHz 

! 

3.6 

5.1 


3.6 

5.1 


MHz 

Is 

Supply Current per Amplifier 


• 


5.3 

6.35 


5.3 

6.55 

mA 



V s = ±5V 

• 


5.3 

6.30 


5.3 

6.50 

mA 

AVos 

Offset Voltage Match 


• 


0.9 

3.5 


0.9 

4.5 

mV 

AIb + 

Noninverting Bias Current Match 


• 


30 

300 


35 

400 

pA 

ACMRR 

Common-Mode Rejection Match 

(Note 8) 

• 

76 

93 


74 

93 


dB 

APSRR 

Power Supply Rejection Match 

(Note 8) 

• 

79 

93 


77 

93 


dB 
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LT1113 


CL6CTRICRL CHARACTERISTICS 


Vs = ±15V, Vqm = OV, -40°C < Ta < 85°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1113AC 

TYP 

MAX 

MIN 

LT1113C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


0.7 

2.4 


0.8 

2.8 

mV 



V s = ±5V 

• 


0.8 

2.6 


0.9 

3.0 

mV 

AVqs 

Average Input Offset 


• 


7 

15 


8 

20 

|iV/°C 

ATemp 

Voltage Drift 










•os 

Input Offset Current 


• 


80 

700 


90 

1000 

pA 

•b 

Input Bias Current 


• 


1750 

3000 


1800 

5000 

pA 

Vcm 

Input Voltage Range 


• 

12.6 

13.0 


12.6 

13.0 


V 




• 

-10.0 

-10.5 


-10.0 

-10.5 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -10V to 12.6V 

• 

80 

96 


78 

93 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±20V 

• 

81 

98 


79 

96 


dB 

a vol 

Large-Signal Voltage Gain 

V 0 = ±12V, R l = 10k 

• 

850 

3300 


750 

3000 


V/m V 



V o = ±10V, R L = Ik 

• 

400 

2200 


300 

2000 


V/mV 

VoUT 

Output Voltage Swing 

R L = 10k 

• 

±13.0 

±12.5 


±12.5 

±12.5 


V 



R L = Ik 

• 

±11.5 

±12.0 


±11.0 

±12.0 


V 

SR 

Slew Rate 

R L > 2k 

• 

2.2 

3.8 


1.8 

3.8 


V/jas 

GBW 

Gain-Bandwidth Product 

f 0 = 100kHz 

• 

3.3 

4.8 


3.3 

4.8 


MHz 

•s 

Supply Current per Amplifier 


• 


5.30 

6.35 


5.30 

6.55 

mA 



V s = ±5V 

• 


5.25 

6.30 


5.25 

6.50 

mA 

AVos 

Offset Voltage Match 


• 


1.0 

4.4 


1.0 

5.1 

mV 

ai b + 

Noninverting Bias Current Match 


• 


50 

600 


55 

900 

pA 

ACMRR 

Common-Mode Rejection Match 

(Note 8) 

• 

76 

93 


73 

93 


dB 

APSRR 

Power Supply Rejection Match 

(Note 8) 

• 

77 

92 


75 

92 


dB 


Vs = ±15V, V C m = OV, -55°C < Ta < 125°C, unless otherwise noted. (Note 9) 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1113AM 

TYP 

MAX 

MIN 

LT1113M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


0.8 

2.7 


0.9 

3.3 

mV 



V S = ±5V 

• 


0.8 

2.8 


0.9 

3.4 

mV 

AVqs 

Average Input Offset 

(Note 5) 

• 


5 

12 


8 

15 

|iV/°C 

ATemp 

Voltage Drift 










•os 

Input Offset Current 


• 


0.8 

15 


1.0 

25 

nA 

•b 

Input Bias Current 


• 


25 

50 


27 

70 

nA 

Vcm 

Input Voltage Range 


• 

12.6 

13.0 

! 

12.6 

13.0 


V 





-10.0 

-10.4 


-10.0 

-10.4 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -10V to 12.6V 


79 

95 


77 

92 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±20V 

* 

80 

97 


78 

95 


dB 
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LT1113 


€l€CTRICRl CHRRRCTCRISTICS 


Vs = ±15V, Vcm = OV, -55°C < T a < 125°C, unless otherwise noted. (Note 9) 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1113AM 

TYP 

MAX 

MIN 

LT1113M 

TYP 

MAX 

UNITS 

Avol 

Large-Signal Voltage Gain 

V 0 = ±12V, R L = 1 0k 

• 

800 

2700 


700 

2500 


V/mV 



V o = ±10V, R L = Ik 

• 

400 

1500 


300 

1000 


V/mV 

VoUT 

Output Voltage Swing 

R L = 10k 

• 

±13.0 

±12.5 


±12.5 

±12.5 


V 



R L = Ik 

• 

±11.5 

±12.0 


±11.0 

±12.0 


V 

SR 

Slew Rate 

R l > 2k (Note 6) 

• 

2.1 

3.6 


1.8 

3.6 


V4is 

GBW 

Gain-Bandwidth Product 

f 0 = 100kHz 

• 

2.5 

3.8 


2.5 

3.8 


MHz 

Is 

Supply Current Per Amplifier 




5.30 

6.35 


5.30 

6.55 

mA 



V S = ±5V 



5.25 

6.30 


5.25 

6.50 

mA 

AVos 

Offset Voltage Match 




1.0 

5.0 


1.0 

5.5 

mV 

ai b + 

Noninverting Bias Current Match 




1.8 

12 


2.0 

20 

nA 

ACMRR 

Common-Mode Rejection Match 

(Note 8) 

• 

75 

92 


73 

92 


dB 

APSRR 

Power Supply Rejection Match 

(Note 8) 

• 

76 

91 


74 

91 


dB 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers, i.e., out of 100 LT1113s (200 op 
amps) typically 120 op amps will be better than the indicated specification. 
Note 2: Warmed-up Ib and los readings are extrapolated to a chip 
temperature of 50°C from 25°C measurements and 50°C characterization 
data. 

Note 3: Current noise is calculated from the formula: 
i n = (2ql B ) 1/2 

where q = 1 .6 x 10~ 19 coulomb. The noise of source resistors up to 
200M swamps the contribution of current noise. 

Note 4: Input voltage range functionality is assured by testing offset 
voltage at the input voltage range limits to a maximum of 2.3mV (A grade), 
to 2.8mV (C grade). 

Note 5: This parameter is not 100% tested. 


Note 6: Slew rate is measured in Ay = -1; input signal is ±7.5V, output 
measured at ± 2.5V. 

Note 7: The LT1113 is not tested and not quality assurance sampled at 
85°C and at -40°C. These specifications are guaranteed by design, 
correlation and/or inference from -55°C, 0°C, 25°C, 70°C and/or 125°C 
tests. 

Note 8: ACMRR and APSRR are defined as follows: 

(1) CMRR and PSRR are measured in |iV/V on the individual 
amplifiers. 

(2) The difference is calculated between the matching sides in ^V/V. 

(3) The result is converted to dB. 

Note 9: The LT1113 is measured in an automated tester in less than one 
second after application of power. Depending on the package used, power 
dissipation, heat sinking, and air flow conditions, the fully warmed-up chip 
temperature can be 10°C to 50°C higher than the ambient temperature. 
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COMMON-MODE LIMIT (V) 

REFERRED TO POWER SUPPLY VOLTAGE NOISE (ATI kHz)(nV/VRi) VOLTAGE NOISE (1 nV/DIV) 


LT1113 


TYPICAL PCRFORRIRRCC CHRRRCT6RISTICS 


0.1Hz to 10Hz Voltage Noise 
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OUTPUT VOLTAGE SWING (V) < VOLTAGE GAIN (dB) 

i i i i i 20mV/DIV , 


LT1113 

TYPICAL PCRFORmnnct CHRRRCTCRISTICS 


Voltage Gain vs Gain and Phase Shift vs 

Voltage Gain vs Frequency Chip Temperature Frequency 



Small-Signal Transient Response 


\ 



gcwi I i j , \»i 
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A v = 1 
C L = 1 0pF 
V S = ±15V,±5 V 

1113 G13 


Output Voltage Swing vs 
Load Current 
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1113 G14 


Capacitive Load Handling 



CAPACITIVE LOAD (pF) 
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Supply Current vs Supply Voltage 
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GAIN-BANDWIDTH PRODUCT (f 0 = 100kHz)(MHz) 
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LT1113 


flppucfflions inFORmnnon 

The LT1 113 dual in the plastic and ceramic DIP packages 
are pin compatible to and directly replace such JFET op 
ampsastheOPA2111 and OPA2604 with improved noise 
performance. Being the lowest noise dual JFET op amp 
available to date, the LT1 1 1 3 can replace many bipolar op 
amps that are used in amplifying low level signals from 
high impedance transducers. The best bipolar op amps 
will eventually loose out to the LT1113 when transducer 
impedance increases due to higher current noise. The low 
voltage noise of the LT1 1 1 3 allows it to surpass every dual 
and most single JFET op amps available. For the best 
performance versus area available anywhere, the LT1 1 1 3 
is offered in the narrow S8 surface mount package with 
standard pinout and no degradation in performance. 

The low voltage and current noise offered by the LT1113 
makes it useful in a wide range of applications, especially 
where high impedance, capacitive transducers are used 
such as hydrophones, precision accelerometers, and photo 
diodes. The total output noise in such a system is the gain 
times the RMS sum of the op amp input referred voltage 
noise, the thermal noise of the transducer, and the op amp 
bias current noise times the transducer impedance. 
Figure 1 shows total input voltage noise versus source 
resistance. In a low source resistance (<5k) application 
the op amp voltage noise will dominate the total noise. 


This means the LT1 1 1 3 will beat out any dual JFET op amp, 
only the lowest noise bipolar op amps have the edge 
(at low source resistances). As the source resistance 
increases from 5k to 50k, the LT1 1 1 3 will match the best 
bipolar op amps for noise performance, since the thermal 
noise of the transducer (4kTR) begins to dominate the 
total noise. A further increase in source resistance, above 
50k, is where the op amp’s current noise component (2q Ib 
Rtrans) will eventually dominate the total noise. At these 
high source resistances, the LT1113 will out perform 
the lowest noise bipolar op amp due to the inherently low 
current noise of FET input op amps. Clearly, the LT1113 
will extend the range of high impedance transducers 
that can be used for high signal to noise ratios. This 
makes the LT1113 the best choice for high impedance, 
capacitive transducers. 

The high input impedance JFET front end makes the 
LT1113 suitable in applications where very high charge 
sensitivity is required. Figure 2 illustrates the LT1 1 1 3 in its 
inverting and noninverting modes of operation. A charge 
amplifier is shown in the inverting mode example; here the 
gain depends on the principal of charge conservation at 
the input of the LT1 1 1 3. The charge across the transducer 
capacitance, Cs, is transferred to the feedback capacitor 
Cp, resulting in a change in voltage, dV, equal to dQ/Cp. 



SOURCE RESISTANCE = 2R S = R 
* PLUS RESISTOR 

t PLUS RESISTOR 1 1 lOOOpF CAPACITOR 
V n = A v ^(qp AMP) + 4kTR + 2q Ib • R 2 


Figure 1. Comparison of LT1113 and LT1124 Total Output 1kHz Voltage Noise Versus Source Resistance 
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R2 R f 




Figure 2. Noninverting and Inverting Gain Configurations 


The gain therefore is 1 + Cp/Cs- For unity gain, the Cf 
should equal the transducer capacitance plus the input 
capacitance of the LT1 1 1 3 and Ftp should equal Rs. In the 
noninverting mode example, the transducer current is 
converted to a change in voltage by the transducer capaci- 
tance; this voltage is then buffered by the LT1113 with a 
gain of 1 + R1/R2. A DC path is provided by Rs, which is 
either the transducer impedance or an external resistor. 
Since R$ is usually several orders of magnitude greater 
than the parallel combination of R1 and R2, Rg is added to 
balance the DC offset caused by the noninverting input 
bias current and R$. The input bias currents, although 
small at room temperature, can create significant errors 
over increasing temperature, especially with transducer 
resistances of up to 100MO or more. The optimum value 
for Rs is determined by equating the thermal noise (4kTRs) 
to the current noise times Rs, (2qle) Rs, resulting in 
Rb = 2Vj/Ib- A parallel capacitor, Cg, is used to cancel the 
phase shift caused by the op amp input capacitance 
and Rg. 

Reduced Power Supply Operation 

The LT1 1 13 can be operated from ±5V supplies for lower 
power dissipation resulting in lower Ib and noise at the 


expense of reduced dynamic range. To illustrate this 
benefit, let’s take the following example: 

An LT1113CS8 operates at an ambient temperature of 
25°C with ±1 5V supplies, dissipating 318mW of power 
(typical supply current = 10.6mA for the dual). The S8 
package has a 9j/\ of 190°C/W, which results in a die 
temperature increase of 60.4°C or a room temperature die 
operating temperature of 85.4°C. At+5V supplies, the die 
temperature increases by only one third of the previous 
amount or 20.1 °C resulting in a typical die operating 
temperature of only 45.1 °C. A 40 degree reduction of die 
temperature is achieved at the expense of a 20V reduction 
in dynamic range. If no DC correction resistor is used at 
the input, the input referred offset will be the input bias 
current at the operating die temperature times the trans- 
ducer resistance (refer to Input Bias and Offset Currents vs 
Chip Temperature graph in Typical Performance Charac- 
teristics section). A 1 0OmV input Vos Is the result of a 1 nA 
lB(at 85°C) dropped across a 100M£i transducer resis- 
tance; at ±5V supplies, the input offset is only 28mV (Igat 
45°C is 280pA). Careful selection of a DC correction 
resistor (Rg) will reduce the I R errors due to lg by an order 
of magnitude. A further reduction of IR errors can be 
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INPUT: ±5.2V Sine Wave 


LT1113 Output 




0PA2111 Output 



Figure 3. Voltage Follower with Input Exceeding the Common-Mode Range ( Vs = ±5V) 


achieved by using a DC servo circuit shown in the applica- 
tions section of this data sheet. The DC servo has the 
advantage of reducing a wide range of IR errors to the 
millivolt level over a wide temperature variation. The 
preservation of dynamic range is especially important 
when reduced supplies are used, since input bias currents 
can exceed the nanoamp level for die temperatures 
over 85°C. 

To take full advantage of a wide input common-mode 
range, the LT1 1 1 3 was designed to eliminate phase rever- 
sal. Referring to the photographs shown in Figure 3, the 
LT1 1 1 3 is shown operating in the follower mode (Ay = +1 ) 
at±5V supplies with the input swinging ±5.2V. The output 
of the LT1113 clips cleanly and recovers with no phase 
reversal, unlike the competition as shown by the last 
photograph. This has the benefit of preventing lock-up in 
servo systems and minimizing distortion components. 
The effect of input and output overdrive on one amplifier 
has no effect on the other, as each amplifier is biased 
independently. 


Advantages of Matched Dual Op Amps 

In many applications the performance of a system 
depends on the matching between two operational ampli- 
fiers ratherthan the individual characteristics of the two op 
amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters 
are some of the circuits requiring matching between two 
op amps. 

The well-known triple op amp configuration in Figure 4 
illustrates these concepts. Output offset isafunction of the 
difference between the two halves of the LT1113. This 
error cancellation principle holds for a considerable 
number of input referred parameters in addition to 
offset voltage and bias current. Input bias current will 
be the average of the two noninverting input currents 
(l B +). The difference between these two currents (Al B +) 
is the offset current of the instrumentation amplifier. 
Common-mode and power supply rejections will be 
dependent only on the match between the two amplifiers 
(assuming perfect resistor matching). 
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15V 



WIDEBAND NOISE DC TO 400kHz = 6.6 pV RMS „„.™ 

Cl £ O.OInF 

Figure 4. Three Op Amp Instrumentation Amplifier 

The concepts of common-mode and power supply 
rejection ratio match (ACMRR and APSRR) are best 
demonstrated with a numerical example: 

Assume CMRRa = +50 juVAf or 86dB, 
and CMRRb = + 39jxV/V or 88dB, 
then ACMRR = lljxV/V or 99dB; 
if CMRR b = -39^V/V which is still 88dB, 
then ACMRR = 89piV/V or 81 dB 

Clearly the LT1 1 1 3, by specifying and guaranteeing all of 
these matching parameters, can significantly improve the 
performance of matching-dependent circuits. 


Typical performance of the instrumentation amplifier: 
Input offset voltage = 0.8mV 
Input bias current = 320pA 
Input offset current = lOpA 
Input resistance = 10^12 
Input noise = 3.4pA/p.p 

High Speed Operation 

The low noise performance of the LT1 1 1 3 was achieved by 
making the input JFET differential pair large to maximize 
the first stage gain. Increasing the JFET geometry also 
increases the parasitic gate capacitance, which if left 
unchecked, can result in increased overshoot and ringing. 
When the feedback around the op amp is resistive (Rp), 
a pole will be created with Rp, the source resistance and 
capacitance (Rs.Cs), and the amplifier input capacitance 
(Cin = 27pF). In closed loop gain configurations and 
with R$ and Rp in the kilohm range (Figure 5), this pole 
can create excess phase shift and even oscillation. 
A small capacitor (Cp) in parallel with Rp eliminates this 
problem. With Rs(Cs + Cin) = RpCp, the effect of the 
feedback pole is completely removed. 


C F 



Figure 5. 
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typical application 

Accelerometer Amplifier with DC Servo 


ci 

1250pF 



R4C2 = R5C3 > R1 (1 + R2/R3) Cl 
OUTPUT = 0.8mV/pC* = 8.0mV/g** 

DC OUTPUT <2.7mV 

OUTPUT NOISE = 6nV/VHz AT 1kHz 

*PICOCOULOMBS 

**g = EARTH’S GRAVITATIONAL CONSTANT 


OUTPUT 


Paralleling Amplifiers to Reduce Voltage Noise 
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typical nppiicnnons 

Low Noise Light Sensor with DC Servo 


ci 

2pF 



10Hz Fourth Order Chebyshev Lowpass Filter (O.OIdB Ripple) 


R2 



FOR V| N = 1 0Vp.p, Vout = -1 21 dB AT f > 330Hz 
= -6dB AT f = 16.3Hz 

LOWER RESISTOR VALUES WILL RESULT IN LOWER THERMAL NOISE AND LARGER CAPACITORS 
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TYPICAL APPUCATIOAS 


Light Balance Detection Circuit 


R1 

1M 



Unity Gain Buffer with Extended Load Capacitance Drive Capability 


R2 

Ik 
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LT1169 


F€flTUR€S 

■ Input Bias Current, Warmed Up: lOpA Max 

■ 100% Tested Low Voltage Noise: 8nV/VHz Max 

■ Very Low Input Capacitance: 1.5pF 

■ Voltage Gain: 1.2 Million Min 

■ Offset Voltage: 1.5mV Max 

■ Input Resistance: 10 13 £Ti 

■ Gain-Bandwidth Product: 5.3MHz Typ 

■ Guaranteed Specifications with ±5V Supplies 

■ Guaranteed Matching Specifications 

rppucrtiors 

■ Photocurrent Amplifiers 

■ Hydrophone Amplifiers 

■ High Sensitivity Piezoelectric Accelerometers 

■ Low Voltage and Current Noise Instrumentation 
Amplifier Front Ends 

■ Two and Three Op Amp Instrumentation Amplifiers 

■ Active Filters 


Dual Low Noise, 
Picoampere Bias Current, 
JFET Input Op Amp 

DCSCRIPTIOn 

The LT1 1 69 achieves a new standard of excellence in noise 
performance fora dual JFET op amp. For the first time low 
voltage noise (6nV/VHz) is simultaneously offered with 
extremely low current noise (0.8fA/VHz), providing the 
lowest total noise for high impedance transducer applica- 
tions. Unlike most JFET op amps, the very low input bias 
current (3pA Typ) is maintained over the entire common- 
mode range which results in an extremely high input 
resistance (10 13 £2). When combined with a very low input 
capacitance (1.5pF) an extremely high input impedance 
results making the LT1 1 69 the first choice for amplifying 
low level signals from high impedance transducers. The 
low input capacitance also assures high gain linearity when 
buffering AC signals from high impedance transducers. 

The LT1 1 69 is unconditionally stable for gains of 1 or more, 
even with 1 0OOpF capacitive loads. Other key features are 
0.5mV Vos and a voltage gain over 4 million. Each indi- 
vidual amplifier is 1 00% tested for voltage noise, slew rate 
(4.2V/ps), and gain-bandwidth product (5.3MHz). 

A full set of matching specifications are provided for 
precision instrumentation amplifier front ends. Specifica- 
tions at +5V supply operation are also provided. For an 
even lower voltage noise please see the LT1 1 1 3 data sheet. 


TVPICRl RPPUCRTIOR 


Low Noise Light Sensor with DC Servo 


ci 

2pF 



1kHz Output Voltage Noise 
Density vs Source Resistance 



V|\| = V(Vqp amp ) 2 + 4kTRs + 2qleRs 2 
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absolute mnximum ratirgs 


Supply Voltage 

-55°C to 105°C ±20V 

105°C to 125°C ±16V 

Differential Input Voltage ±40V 

Input Voltage (Equal to Supply Voltage) ±20V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKRGC/ORD6R IRFORfRATIOR 



TOP VIEW 


ORDER PART 
NUMBER 

OUT A [7 
-IN A |T 
+INA |T 
V"[T 

O 

U v + 

n OUT B 
][]-INB 
Tj+INB 

Si 

LT1169ACN8 

LT1169CN8 

N8 PACKAGE 

8-LEAD PLASTIC DIP 


fjMAX 

= 150°C,ejA = 80°C/W 



Consult factory for Industrial and Military grade parts. 


€L€CTRKRL CHARACTERISTICS V s = ±15V, Vcm = OV, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1169A 

TYP 

MAX 

MIN 

LT1169 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



0.50 

1.5 


0.60 

2.0 

mV 



V s = ±5 V 


0.55 

1.7 


0.65 

2.2 

mV 

•os 

Input Offset Current 

Warmed Up (Note 2) 


1.5 

7 


2.5 

15 

pA 



Tj = 25°C (Note 5) 


0.5 

2 


0.7 

4 

pA 

Ib 

Input Bias Current 

Warmed Up (Note 2) 


3 

10 


4.0 

20 

pA 



Tj = 25°C (Note 5) 


1 

3 


1.5 

5 

pA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz 

2.4 ! 

2.4 | 

fiVp-p 


Input Noise Voltage Density 

f 0 = 10Hz 


17 



17 


nV/VHz 



f 0 = 1000Hz 


6 

8 


6 

8 

nV/VHz 

*n 

Input Noise Current Density 

f 0 = 10Hz, f 0 = 1kHz (Note 3) 

0.8 

1 

fA/VFiz 

Rin 

Input Resistance 










Differential Mode 



10 14 



10 14 


Q 


Common Mode 

V CM = -10V to 13V 


10 13 



10 13 


a 

C|N 

Input Capacitance 



1.5 



1.5 


PF 



< 

ii 

i+ 

cn 

< 


2.0 



2.0 


PF 

Vcm 

Input Voltage Range (Note 4) 


13.0 

13.5 


13.0 

13.5 


v 




-10.5 

-11.0 


-10.5 

-11.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -10V to 13V 

85 

98 


82 

95 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 4.5V to ± 20V 

86 

100 


83 

98 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = ±12V, R L = 10k 

1200 

4800 


1000 

4500 


V/mV 



V o = ±10V, R L = 1 k 

600 

4000 


500 

3000 


V/mV 

VouT 

Output Voltage Swing 

R L = 10k 

±13.0 

±13.8 


±13.0 

±13.8 


V 



R L = Ik 

±12.0 

±13.0 


±12.0 

±13.0 


V 

SR 

Slew Rate 

R L >2k(Note 6) 

2.4 

4.2 


2.4 

4.2 


V/jiS 

GBW 

Gain-Bandwidth Product 

f 0 = 100kHz 

3.3 

5.3 


3.3 

5.3 


MHz 


Channel Separation 

f 0 = 10Hz, V o = ±10V, R L = Ik 

130 

| 126 

dB 

•s 

Supply Current per Amplifier 



5.3 

6.25 


5.3 

6.50 

mA 



V S = ±5V 


5.3 

6.20 


5.3 

6.45 

mA 
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LT1169 


€l€CTRICfll CHIMRCTCMSTICS Vs = ±15V, Vqm = OV, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1169A 

TYP 

MAX 

MIN 

LT1169 

TYP 

MAX 

UNITS 

AVqs 

Offset Voltage Match 



0.8 

2.7 


0.8 

3.5 

mV 

ai b + 

Noninverting Bias Current Match 

Warmed Up (Note 2) 


2 

8 


3 

20 

pA 

ACMRR 

Common-Mode Rejection Match 

(Note 8) 

81 

94 


78 

94 


dB 

APSRR 

Power Supply Rejection Match 

(Note 8) 

82 

95 


80 

95 


dB 


Vs = ±15V, Vqivj = OV, 0°C < T A < 70°C, (Note 9), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1169A 

TYP 

MAX 

MIN 

LT1169 

TYP 

MAX 

UNITS 

v OS 

Input Offset Voltage 


• 


0.6 

2.9 


0.7 

3.2 

mV 



V s = ±5V 

• 


0.7 

3.1 


0.8 

3.4 

mV 

AVos 

Average Input Offset 

(Note 5) 

• 


15 

40 


20 

50 

|iV/°C 

ATemp 

Voltage Drift 










•os 

Input Offset Current 


• 


8 

40 


10 

50 

pA 

Ib 

Input Bias Current 


• 


100 

200 


180 

400 

PA 

Vcm 

Input Voltage Range 


• 

12.9 

13.4 


12.9 

13.4 


V 




• 

-10.0 

-10.8 


-10.0 

-10.8 


V 

CMRR 

Common-Mode Rejection Ratio 

Vcm = -10V to 12.9V 

• 

81 

97 


79 

94 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±20V 

• 

83 

99 


81 

97 


dB 

a vol 

Large-Signal Voltage Gain 

V 0 = ±12V, R l = 10k 

• 

900 

3600 


800 

3400 


V/mV 



V 0 = ±10V, R L = Ik 

• 

500 

2600 


400 

2400 


V/mV 

V OUT 

Output Voltage Swing 

R L = 10k 

• 

±12.5 

±13.5 


±12.5 

±13.5 


V 



R L = Ik 

• 

±11.5 

±12.7 


±11.5 

±12.7 


V 

SR 

Slew Rate 

R L > 2k (Note 6) 

• 

2.3 

4 


1.9 

4 


V/)LtS 

GBW 

Gain-Bandwidth Product 

f 0 = 100kHz 

• 

3 

4.2 


3 

4.2 


MHz 

>s 

Supply Current per Amplifier 


• 


5.3 

6.35 


5.3 

6.55 

mA 



V s = ±5V 

• 


5.3 

6.30 


5.3 

6.50 

mA 

AVos 

Offset Voltage Match 


• 


1 

4 


1.5 

5 

mV 

ai b + 

Noninverting Bias Current Match 


• 


3.5 

35 


5.5 

5° 

pA 

ACMRR 

Common-Mode Rejection Match 

(Note 8) 

• 

76 

93 


74 

93 


dB 

APSRR 

Power Supply Rejection Match 

(Note 8) 

• 

79 

93 


77 

93 


dB 


Vs = ±15V, Vcm = OV, ~40°C < Ta < 85°C, (Note 7), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

— 

MIN 

LT1169A 

TYP 

MAX 

MIN 

LT1169 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


0.7 

3.5 


0.8 

3.8 

mV 



V S = ±5V 

• 


0.8 

3.7 


0.9 

4.0 

mV 

AV 0 s 

Average Input Offset 


• 


15 

40 


20 

50 

|iV/ 0 C 

ATemp 

Voltage Drift 










•os 

Input Offset Current 


• 


20 

100 


30 

200 

pA 

Ib 

Input Bias Current 


• 


280 

600 


320 

1200 

pA 

Vcm 

Input Voltage Range 


• 

12.6 

13.0 


12.6 

13.0 


V 




• 

-10.0 

-10.5 


-10.0 

-10.5 


V 

CMRR 

Common-Mode Rejection Ratio 

V C m = -10V to 12.6 V 

• 

80 

96 


78 

93 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±20V 

• 

81 

98 


79 

96 


dB 
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LT1169 


ELECTRICAL CHARACTERISTICS Vs = ±15V, Vcm = OV, -40°C < Ta < 85°C, (Note 7), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

LT1169A 

TYP 

MAX 

MIN 

LT1169 

TYP 

MAX 

UNITS 

Avol 

Large-Signal Voltage Gain 

V 0 = ±12V, R l = 10k 

• 

850 

3300 


750 

3000 


V/mV 



V o = ±10V, R l = Ik 

• 

400 

2200 


300 

2000 


V/m V 

VouT 

Output Voltage Swing 

R L = 10k 

• 

±12.5 

±12.5 


±12.5 

±12.5 


V 



R l = Ik 

• 

±11.3 

±12.0 


±11.3 

±12.0 


V 

SR 

Slew Rate 

R L > 2k 

• 

2.2 

3.8 


1.8 

3.8 


V/jLlS 

GBW 

Gain-Bandwidth Product 

f 0 = 100kHz 

• 

2.7 

4 


2.7 

4 


MHz 

Is 

Supply Current per Amplifier 


• 


5.30 

6.35 


5.30 

6.55 

mA 



< 

ii 

1 + 

cn 

< 

• 


5.25 

6.30 


5.25 

6.50 

mA 

AVqs 

Offset Voltage Match 


• 


1.6 

5 


1.8 

6 

mV 

ai b + 

Noninverting Bias Current Match 


• 


8 

80 


10 

180 

pA 

ACMRR 

Common-Mode Rejection Match 

(Note 8) 

• 

76 

93 


73 

93 


dB 

APSRR 

Power Supply Rejection Match 

(Note 8) 

• 

! 

77 

92 


75 

92 


dB 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers, i.e., out of 100 LT1169S (200 op 
amps) typically 120 op amps will be better than the indicated specification. 
Note 2: Ib and Iqs readings are extrapolated to a warmed-up temperature 
from 25°C measurements and 45°C characterization data. 

Note 3: Current noise is calculated from the formula: 
in = (2ql B ) 1/z . 

where q = 1 .6 x KT 19 coulomb. The noise of source resistors up to 200M 
swamps the contribution of current noise. 

Note 4: Input voltage range functionality is assured by testing offset 
voltage at the input voltage range limits to a maximum of 2.3mV (A grade), 
to 2.8mV (C grade). 

Note 5: This parameter is not 100% tested. 


Note 6: Slew rate is measured in Av = -1 ; input signal is ±7.5V, output 
measured at ±2.5V. 

Note 7: The LT1169 is not tested and not quality assurance sampled at 
85°C and at-40°C. These specifications are guaranteed by design, 
correlation and/or inference from -55°C, 25°C, and/or 125°C 
characterization and 0°C, 70°C tests. 

Note 8: ACMRR and APSRR are defined as follows: 

(1) CMRR and PSRR are measured in pV/V on the individual 
amplifiers. 

(2) The difference is calculated between the matching sides in jiV/V. 

(3) The result is converted to dB. 

Note 9: The LT1169 is measured in an automated tester in less than one 
second after application of power. Depending on the package used, power 
dissipation, heat sinking, and air flow conditions, the fully warmed-up chip 
temperature can be 10°C to 50°C higher than the ambient temperature. 


typical PCRFonmnncc characteristics 


1kHz Input Noise Voltage 

0.1 Hz to 10Hz Voltage Noise Distribution 



LT1169-TPC01 


LT1169.TPC02 



1 10 100 Ik 10k 

FREQUENCY (Hz) 

LT1 1 69 • TPC03 
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LT1169 


TYPICAL PCRFORmnnCC CHRRACTCRISTICS 


Voltage Noise vs Chip Temperature 
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Voltage Gain vs Frequency 
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Input Bias and Offset Currents 
vs Chip Temperature 
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0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1169-TPC05* 

Common-Mode Rejection Ratio 
vs Frequency 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 

LT1 169 • TPC07 


Voltage Gain vs Chip Temperature 



Input Bias and Offset Currents 
Over the Common-Mode Range 


-BIAS Otl RRFMT 
r — -|-Q FFS E TCUR RENT 


-15 -10 -5 0 5 10 

COMMON-MODE RANGE (V) 

LT 1 1 69 • 1 

Power Supply Rejection Ratio 
vs Frequency 



10k 100k 1M 10M 

FREQUENCY (Hz) 

IT1169»TPC08 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Gain and Phase Shift 
vs Frequency 

50 r - T '- rmn ] rn ' T T T T 

T A = 25°C 
V s = ±1 5V 

40 "Cl = 1 0pF Trr 



100 10k 

FREQUENCY (Hz) 
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CHIP TEMPERATURE (°C) 
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LT1169 


typical PCRFonmnncc charactcristics 


Small-Signal Transient Response 



A v = 1 2ps/DIV 

C L = 1 0pF 
V S = ±15V,±5V 


Large-Signal Transient Response 


A V = 1 5|iS/DIV LT1169.TPC14 

C L = 10pF 
V S = ±15V 



C/3 


Supply Current vs Supply Voltage 







25°C 



1 

-55°C 







1 

125°C 








0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (V) 

LT1169 • TPC15 


Output Voltage Swing 
vs Load Current 



' _io -8 -6 -4 -2 0 2 4 6 8 10 

'sfNK OUTPUT CURRENT (mA) l SOURCE 


Capacitive Load Handling 



Slew Rate and Gain-Bandwidth 
Product vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1169*TPC16 


LT1169*TPC17 


LT1169*TPC18 


Distribution of Offset Voltage Drift 

with Temperature Warm-Up Drift Channel Separation vs Frequency 



-50 -40 -30 -20 -10 0 10 20 30 


OFFSET VOLTAGE DRIFT WITH TEMPERATURE (nV/’C) 

LT1169*TPC19 



TIME AFTER POWER ON (MIN) 


LT1169*TPC20 



FREQUENCY (Hz) 


LT 1 1 69 • TPC21 
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TYPICAL P€RFOftmnnC€ CHRRRCTCRISTICS 


THD and Noise vs 
Frequency for Noninverting Gain 



THD and Noise vs 
Frequency for Inverting Gain 



2 


THD and Noise vs Output 
Amplitude for Inverting Gain 



THD and Noise vs Output 
Amplitude for Noninverting Gain 



0.3 1 10 30 

OUTPUT SWING (Vp.p) 

LT1 169 • TPC25 


CCIF IMD Test (Equal Amplitude 
Tones at 13kHz, 14kHz)* 



0.02 0.1 1 10 30 

OUTPUT SWING (Vp.p) 

LT1169 -TPC26 

* SEE LT 1115 DATA SHEET FOR DEFINITION OF 
CCIF TESTING 


RPPUCRTIORS IRFORRlRTIOn 

LT1169 vs the Competition 

With improved noise performance, the LT1 1 69 dual in the 
plastic DIP directly replaces such JFET op amps as the 
0PA21 1 1 , OPA2604, OP21 5, and the AD822. The combi- 
nation of low current and voltage noise of the LT1169 
allows it to surpass most dual and single JFET op amps. 
The LT1 169 can replace many of the lowest noise bipolar 
amps that are used in amplifying low level signals from 
high impedance transducers. The best bipolar op amps 
will eventually lose out to the LT1169 when transducer 
impedance increases due to higher current noise. 


The extremely high input impedance (10 13 Q) assures that 
the input bias current is almost constant over the entire 
common-mode range. Figure 1 shows how the LT1169 
stands upto the competition. Unlike the competition, as the 
input voltage is swept across the entire common-mode 
range the input bias current of the LT1 1 69 hardly changes. 
As a result the current noise does not degrade. This makes 
the LT1169 the best choice in applications where an 
amplifier has to buffer signals from a high impedance 
transducer. 
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LT1169-F01 


Figure 1. Comparison of LT1169, 0P215, and AD822 
Input Bias Current vs Common-Mode Range 

Amplifying Signals from High Impedance Transducers 

The low voltage and current noise offered by the LT1 1 69 
makes it useful in a wide range of applications, especially 
where high impedance, capacitive transducers are used 
such as hydrophones, precision accelerometers, and 
photodiodes. The total output noise in such a system is 
the gain times the RMS sum of the op amp’s input referred 
voltage noise, the thermal noise of the transducer, and the 
op amp’s input bias current noise times the transducer 
impedance. Figure 2 shows total input voltage noise 
versus source resistance. In a low source resistance 
(< 5k) application the op amp voltage noise will dominate 



SOURCE RESISTANCE (Q) 

LT1169-HJ2 

SOURCE RESISTANCE = 2Rs = R 
* PLUS RESISTOR 

f PLUS RESISTOR l| lOOOpF CAPACITOR 
V n = Ay '/v n 2 { OP AMP) + 4kTR + 2qlpR 2 

Figure 2. Comparison of LT1169 and LT1124 Total Output 
1kHz Voltage Noise vs Source Resistance 


the total noise. This means the LT1 1 69 is superior to most 
dual JFET op amps. Only the lowest noise bipolar op amps 
have the advantage at low source resistances. As the 
source resistance increases from 5k to 50k, the LT1169 
will match the best bipolar op amps for noise perfor- 
mance, since the thermal noise of the transducer (4kTR) 
begins to dominate the total noise. A further increase in 
source resistance, above 50k, is where the op amp’s 
current noise component (2qleR 2 ) will eventually domi- 
nate the total noise. At these high source resistances, the 
LT1 1 69 will out perform the lowest noise bipolar op amps 
due to the inherently low current noise of FET input op 
amps. Clearly, the LT1169 will extend the range of high 
impedance transducers that can be used for high signal- 
to-noise ratios. This makes the LT1 1 69 the best choice for 
high impedance, capacitive transducers. 

Optimization Techniques for Charge Amplifiers 

The high input impedance JFET front end makes the 
LT1169 suitable in applications where very high charge 
sensitivity is required. Figure 3 illustrates the LT1169 in its 
inverting and noninverting modes of operation. A charge 
amplifier is shown in the inverting mode example; the gain 
depends on the principal of charge conservation at the 
input of the LT1169. The charge across the transducer 
capacitance Cs is transferred to the feedback capacitor Cp 
resulting in a change in voltage dV, which is equal to dQ/Cp. 
The gain therefore is 1 + Cp/Cs- For unity-gain, the Cp 
should equal the transducer capacitance plus the input 
capacitance of the LT1 169 and Rp should equal Rs. 

In the noninverting mode example, thetransducer current 
is converted to a change in voltage by the transducer 
capacitance, Cs. This voltage is then buffered by the 
LT1 1 69 with a gain of 1 + R1/R2. A DC path is provided by 
Rs, which is either the transducer impedance or an 
external resistor. Since Rs is usually several orders of 
magnitude greater than the parallel combination of R1 
and R2, Re is added to balance the DC offset caused by the 
noninverting input bias current and Rs. The input bias 
currents, although small at room temperature, can create 
significant errors over increasing temperature, especially 
with transducer resistances of up to 1000MQ or more. 
The optimum value for Rb is determined by equating the 
thermal noise (4kTRs) to the current noise (2qlB> times 
Rs 2 . Solving for Rs results in Rb = Rs = 2Vt/Ib- A parallel 
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R2 

Ik 



Cl =C l <0.1hF 

OUTPUT SHORT CIRCUIT CURRENT (~ 30mA) WILL LIMIT THE RATE 
AT WHICH THE VOLTAGE CAN CHANGE ACROSS LARGE CAPACITORS 


Figure 3. Inverting and Noninverting Gain Configurations 



LT 1 1 69 * F04a Lm69*FQ4b LT1169*F04c 

Figure 4. Voltage Follower with Input Exceeding the Common-Mode Range (Vs = ±5V) 


capacitor Cg, is used to cancel the phase shift caused by 
the op amp input capacitance and Rp. 

Reduced Power Supply Operation 

To take full advantage of a wide input common-mode 
range, the LT1169 was designed to eliminate phase rever- 
sal. Referring to the photographs in Figure 4, the LT1169 
is shown operating in the follower mode (Ay = 1) at +5V 
supplies with the input swinging +5.2V. The output of the 
LT1169 clips cleanly and recovers with no phase reversal, 
unlike the competition as shown by the last photograph. 
This has the benefit of preventing lockup in servo systems 
and minimizing distortion components. The effect of input 
and output overdrive on one amplifier has no effect on the 
other, as each amplifier is biased independently. 

Advantages of Matched Dual Op Amps 

In many applications the performance of a system 
depends on the matching between two operational ampli- 
fiers ratherthan the individual characteristics of the two op 


amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters 
are some of the circuits requiring matching between two 
op amps. 

The well-known triple op amp configuration in Figure 5 
illustrates these concepts. Output offset is afunction of the 
difference between the two halves of the LT1 1 69. This error 
cancellation principle holds for a considerable 
number of input referred parameters in addition to 
offset voltage and bias current. Input bias current will 
be the average of the two noninverting input currents (Ib + ). 
The difference between these two currents (Alg + ) 
is the offset current of the instrumentation amplifier. Com- 
mon-mode and power supply rejections will be 
dependent only on the match between the two amplifiers 
(assuming perfect resistor matching). 

The concepts of common-mode and power supply 
rejection ratio match (ACMRR and APSRR) are best dem- 
onstrated with a numerical example: 
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BANDWIDTH = 330kHz 

INPUT REFERRED NOISE = 8.7nV/VHz AT 1kHz 
WIDEBAND NOISE DC TO 330kHz = 5.3^V RMS 

Cl<0.01|J.F LT1169-F05 

Figure 5. Three Op Amp Instrumentation Amplifier 

Assume CMRRa = 50|xV/V or 86dB, 
and CMRR b = 39|xV/V or 88dB, 
then ACMRR = 1 1jxV/V or 99dB; 
if CMRRb = — 39jiV/V which is still 88dB, 
then ACMRR = 89|iV/V or 81dB 

By specifying and guaranteeing all of these matching 
parameters, the LT1169 can significantly improve the 
performance of matching-dependent circuits. 

Typical performance of the instrumentation amplifier: 
Input offset voltage = 0.8mV 
Input bias current = 4pA 


Input offset current = 3pA 
Input resistance = 10 13 Q 
Input noise = 3.4{xVp.p 

High Speed Operation 

The low noise performance of the LT1 1 69 was achieved by 
enlarging the input JFET differential pair to maximize the 
first stage gain. Enlarging the JFET geometry also increases 
the parasitic gate capacitance, which if left unchecked, can 
result in increased overshoot and ringing. When the feed- 
back around the op amp is resistive (Rp), a pole will be 
created with Rp, the source resistance and capacitance 
(Rs.Cs). an d the amplifier input capacitance (Cim = 1 .5pF). 
In closed-loop gain configurations with Rs and Rp in the 
Mfl range (Figure 6), this pole can create excess phase shift 
and even oscillation. A small capacitor (Cp) in parallel with 
Rp eliminates this problem. With Rs(Cs + Cin) = RpCp, the 
effect of the feedback pole is completely removed. 


C F 



TYPICAL APPLICATION 

Unity-Gain Buffer with Extended Load Capacitance 


Drive Capability 

R2 

Ik 



Cl =C l <0.1^F 

OUTPUT SHORT CIRCUIT CURRENT (~ 30mA) WILL LIMIT THE RATE 
AT WHICH THE VOLTAGE CAN CHANGE ACROSS LARGE CAPACITORS 


Light Balance Detection Circuit 


R1 



V 0 ut = 1Mx(Ii -l 2 ) 

PD! PD 2 = HAMAMATSU S1336-5BK 

WHEN EQUAL LIGHT ENTERS PHOTODIODES, V 0U T < 3mV. 
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Low Noise Hydrophone Amplifier with DC Servo 



DC OUTPUT < 2.5mV FOR T A < 70°C 

OUTPUT VOLTAGE NOISE = 128nV/Vfiz AT 1kHz (GAIN = 20) 

Cl - C T - lOOpF TO 5000pF; R4C2 > R8C T ; ‘OPTIONAL 


Paralleling Amplifiers to Reduce Voltage Noise 



LT1169* TA06 
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TYPICAL APPUCATlOnS 


Accelerometer Amplifier with DC Servo 


ci 

1250pF 



R4C2 = R5C3 > R1 (1 + R2/R3) Cl 
OUTPUT = 0.8mV/pC* = 8.0mV/g** 

DC OUTPUT <1.9mV 
OUTPUT NOISE = 8nV/^ AT 1kHz 

*PICOCOULOMBS 

**g = EARTH’S GRAVITATIONAL CONSTANT 


OUTPUT 


10Hz Fourth Order Chebyshev Lowpass Filter (O.OIdB Ripple) 


R2 



TYPICAL OFFSET = 0.8mV 
1% TOLERANCES 

FOR V| N = 10Vp.p, Vqut = — 121dB AT f > 330Hz 
= -6dB AT f= 16.3Hz 

LOWER RESISTOR VALUES WILL RESULT IN LOWER THERMAL NOISE AND LARGER CAPACITORS 
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20p,A Max, Dual 
SO-8 Package, Single Supply 
Precision Op Amp 


FEATURES 

■ 8-Pin SO Package 

■ 20pA Max Supply Current per Amplifier 

■ 180|iV Max Offset Voltage 

■ 350p A Max Offset Current 

■ 0.9p,Vp.p, 0.1 Hz to 1 0Hz Voltage Noise 

■ !5pAp.p, 0.1Hz to 10Hz Current Noise 

■ 0.6pV/°C Offset Voltage Drift 

■ Single Supply Operation: 

- Input Voltage Range Includes Ground 

- Output Swings to Ground While Sinking Current 

- No Pull-Down Resistors Are Needed 

■ Output Sources and Sinks 5mA Load Current 


PACKAGE/ORDER MFORfTlATIOn 




TOP VIEW 


ORDER PART 

+IN A [T 

W. 

& 


1]~INA 

NUMBER 

v~E 

+INB [J 

1 


T]outa 

!] v+ 

LT1178S8 

-INB [T 



7] OUT B 


1 


PART MARKING 



SR PACKAGF 


8-LEAD PLASTIC SOIC 

1178 

Tjmax 

= 150°C,e JA =200°C/W 


Please note that the LT1178S8 surface mount pinout differs from that of 
the LT1178 standard plastic or ceramic dual-in-line packages. 

Consult factory for Industrial and Military grade parts. 


DESCRIPTOR 

The LT1 1 78S8 is a micropowerdual op amp in the surface 
mount 8-pin package. It is optimized for single supply 
operation at 5 V. Specifications are also provided at ±1 5V 
supplies. 

The extremely low supply current is combined with true 
precision specifications: offset voltage is 60pV, offset 
current is 50pA. Both offset parameters have lowdrift with 
temperature. The 1 .5pAp.p current noise and picoampere 
offset current permit the use of megohm level source 
resistors without introducing serious errors. Voltagenoise 
at 0.9pVp. P is remarkably low considering the low supply 
current. 

The LT1 1 78S8 can be operated from a single supply as low 
as one lithium cell ortwo Ni-Cad batteries. The input range 
goes below ground. The all-NPN output stage swings to 
within a few millivolts of ground while sinking current- 
no power consuming pull-down resistors are needed. 

For applications where three times higher supply current 
is acceptable, the micropower LT1077 single, LT1078 
dual and LT1079 quad are recommended. The LT1077/ 
LT 1 078/LT1 079 have significantly higher bandwidth, slew 
rate; lower voltage noiseand betteroutputdrive capability. 


ELECTRICAL CHARACTERISTICS 


For electrical specifications not listed below, refer to the standard LT1178C data sheet with the changes noted on this page. 


SYMBOL 

PARAMETER 

1 CONDITIONS 

MIN TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

V S = 5V, OV 

T a = 25°C 

60 

180 

pV 



V s = 5V, OV 

0°C<T a <70°C 

85 

350 

pV 



V S = ±15V 

T a = 25°C 

120 

350 

pV 



V S = ±15V 

0°C <T a <70°C 

150 

540 

pV 

AVos 

Input Offset Voltage Drift (Note 1) 

V S = 5V, OV 

0°C <T a <70°C 

0.6 

3.5 

pV/°C 

AT 


V S = ±15V 

0°C < T A < 70°C 

0.7 

3.8 

pV/°C 


Note 1: Not 100% production tested. 
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KATURCS 

Single Supply Operation: 

■ Input Goes Below Ground 

■ Output Swings to Ground Sinking Current 

■ No Pull-Down Resistors Needed 

■ Phase Reversal Protection 

At 5V, OV Low Cost Grade Specifications: 

■ 280|iV Max Offset Voltage 

■ 380|iV Max in S8 Package 

■ 0.8nA Max Offset Current 

■ 480pA Max Supply Current per Amplifier 

■ 0.5|xV/°C Drift 

■ 1.4 Million Voltage Gain 

■ 950kHz Gain-Bandwidth Product 

■ 0.55p.Vp.p, 0.1 Hz to 10Hz Noise 

applicators 

■ Single Supply Systems 

■ Two and Three Op Amp Instrumentation Amplifiers 

■ Active Filters 

■ Battery-Powered Systems 

■ Strain Gauge and Bridge Amplifiers 


Single Supply, Dual 
Precision Op Amp 

DCSCRIPTIOR 

The LT1413 is a low cost, upgraded version of Linear 
Technology’s industry standard LT1013 dual, single sup- 
ply op amp. The LT1413 is optimized for single 5 V appli- 
cations, although ±15V specifications are also provided 
for completeness. 

In the design of the LT1413, particular emphasis has been 
placed on low cost plastic and SO-8 package performance: 
60pV offset voltage, 0.1 nA offset current, in excess of 
10mA output current at 330pA supply current and 140dB 
channel separation are some of the specifications achieved. 

Other dual, single supply amplifiers are available to 
complementthe LT1 41 3 family: the micropower LT 1 078’s 
supply current is 10 times lower with a 4.5 fold speed 
performance degradation compared to the LT1 41 3. Con- 
versely, the LT1 21 1 , LT1 21 3 and LT1 21 5 duals have 4 to 
14 times higher supply current, but also 13 to 50 times 
higher speed. 

Protected by U.S. Patent 4,775,884. 


TYPICAL APPLICATOR 


+90V, -3V Common-Mode Range 
Difference Amplifier (Ay = 1) 



OUTPUT 
20mV TO 8V 


OUTPUT OFFSET = 1 ,5mV (THE 0.1 nA TYPICAL OFFSET CURRENT 

(INPUT REFERRED = 1 25jxV) PERMITS THE USE OF 1MQ RESISTORS) 
INPUT RESISTANCE = 11M 

BANDWIDTH = 80kHz ltuis-taos 


Distribution of Input Offset Voltage 
(In Plastic DIP, N8 Package) 


v s = 

_T A = 2 

V, OV 
5°C 


■ 
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absolute mnximum ratirgs 


Supply Voltage ±22 V 

Differential Input Voltage ±30V 

Input Voltage 


Equal to Positive Supply Voltage 
5 V Below Negative Supply Voltage 


Output Short-Circuit Duration Indefinite 

Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note: When the input voltage exceeds the maximum ratings, the input current should be limited 
to 10mA. 


PACKAGE/ORDER MFORmATlOA 


TOP VIEW 

OUT A 
-IN A 
+IN A 
V“ 

N8 PACKAGE 
8-LEAD PLASTIC DIP 



Tjmax = 100°C, 0ja = 130°C/W 


ORDER PART 
NUMBER 


LT1413ACN8 

LT1413CN8 


+IN A [T 1 
V |T 
+INB [T - 

-inb [7 - 


T] -IN A 
Tj OUTA 

7] v + 

7] OUT B 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

NOTE: THIS PIN CONFIGURATION DIFFERS FROM 
THE 8-LEAD DIP PIN LOCATIONS. INSTEAD, IT 
FOLLOWS THE INDUSTRY STANDARD LT1013DS8 
SO PACKAGE CONFIGURATION. 

Tjmax = 105°C, 0j A = 200°C/W 


ORDER PART 
NUMBER 


LT1413S8 


S8 PART MARKING 


1413 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS V s = 5V, OV, Vcm = 0.1V, V 0 = 1 .4 V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

LT1413ACN8 

MIN TYP MAX 

LT1413CN8/S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1413N8 

50 150 

60 280 

mV 



LT1413S8 


80 380 

mV 

AVos 

Long-Term Input Offset 


0.4 

0.5 

IliV/Mo 

ATime 

Voltage Stability 





•os 

Input Offset Current 


0.1 0.7 

0.1 0.8 

nA 

Ib 

Input Bias Current 


9 15 

9 18 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 2) 

0.55 1.1 

0.55 

pVp.p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 2) 

24 38 

24 

nV/VHz 



f 0 = 1000Hz (Note 2) 

23 30 

23 

nVA/Hz 

■n 

Input Noise Current 

0.1 Hz to 10Hz 

2,8 

2.8 

pAp.p 


Input Noise Current Density 

f 0 = 10Hz 

0.07 

0.07 

p/WHz 



f 0 = 1000Hz 

0.02 

0.02 

p/WHz 

1 

Input Resistance 

(Note 3) 





Differential Mode 


300 500 

250 500 

MQ 


Common Mode 


3 

3 

G£2 


Input Voltage Range 


3.65 3.8 

3.65 3.8 

V 




0 -0.3 

0 -0.3 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0V to 3.65V 

90 101 

88 101 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = 3.2V to 12V 

102 118 

100 118 

dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 4V, No Load 

400 1400 

350 1400 

V/mV 



V 0 = 0.05V to 3.5V, R l = 2k 

300 1000 

250 1000 

V/mV 
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LT1413 


€L€CTftlCni CHRRRCTCRISTICS V s = 5V, OV, V CM = 0.1V, V 0 = 1.4V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1413ACN8 

MIN TYP MAX 

LT1413CN8/S8 

MIN TYP MAX 

UNITS 


Maximum Output Voltage Swing 

Output Low, No Load 


15 

25 


15 

25 

mV 



Output Low, 600Q to GND 


5 

10 


5 

10 

mV 



Output Low, Isink = IroA 


220 

350 


220 

350 

mV 

■ 


Output High, No Load 

4.1 

4.4 


4.1 

4.4 


V 



Output High, 600^2 to GND 

3.4 

4.0 


3.4 

4.0 


V 

SR 

Slew Rate 

A v = 1 

0.2 

0.3 


0.2 

0.3 


V/ps 

GBW 

Gain-Bandwidth Product 

f 0 < 100kHz (Note 4) 

600 

950 

i 

600 

950 


kHz 

Is 

Supply Current per Amplifier 

i 


330 

. 450 


330 

480 

pA 

' 

Channel Separation 

AV| W = 3V, R l = 2k (Note 5) 

125 

140 


123 

140 


dB 


Minimum Supply Voltage 

(Note 6) 


2.85 

3.0 


2.85 

3.0 

V 


Vs = 5V, 0V, Vqh/i = 0.1V, Vq = 1.4V, 0°C<T A <70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

LT1413ACN8 

MIN TYP MAX 

LT1413CN8/S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1413N8 

• 


65 

240 


80 

390 

pV 



LT1413S8 

• 





100 

490 

mV 

AVqs/AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.3 

2.0 


0.4 

2.5 

pV/°C 

■os 

Input Offset Current 


• 


0.1 

1.0 


0.1 

1.2 

nA 

!b. 

Input Bias Current 


• 


10 

20 


10 

23 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = 0V to 3.6V 

• 

88 

100 


85 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 3.45V to 12V 

• 

100 

117 


97 

117 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.07V to 3.9V, No Load 

• 

300 

1100 


300 

1100 


V/mV 



V 0 = 0.07V to 3.2V, R l = 2k 

• 

200 

800 


200 

800 


V/mV 


Maximum Output Voltage Swing 

Output Low, No Load 

• 


18 

32 


18 

32 

mV 



Output Low, Isink = 1 mA 

• 


270 

430 


270 

430 

mV 



Output High, No Load 

• 

4.0 

4.3 


4.0 

4.3 


V 



Output High, 600Q to GND 

• 

3.3 

3.9 


3.2 

3.9 


V 

Is 

Supply Current per Amplifier 

i 

• 


350 

500 


350 

530 

pA 


V s = 5V, OV, V CM = 0.1V, V 0 = 1 .4V, -40°C < T A < 85°C (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

LT1413ACN8 

MIN TYP MAX 

LT1413CN8/S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1413N8 

• 


70 

300 


85 

470 

pV 



LT1413S8 

• 





110 

570 

mV 

AVqs/AT 

Input Offset Voltage Drift 


• 


0.3 

2.2 


0.4 

2.8 

pV/°C 

■os 

Input Offset Current 


• 


0.2 

1.4 


0.2 

1.7 

nA 

•b 

Input Bias Current 


• 


11 

25 


11 

30 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = 0V to 3.4V 

• 

85 

99 


82 

99 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 3.9V to 12V 

• 

98 

116 


94 

116 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.08V to 3.8V, No Load 

• 

220 

1000 


220 

1000 


V/mV 



V 0 = 0.08V to 3.0V, R L = 2k 


150 

700 


150 

700 


V/m V 


Maximum Output Voltage Swing 

Output Low, No Load 



20 

38 


20 

38 

mV 



Output Low, Isink = 1 mA 



300 

480 


300 

480 

mV 



Output High, No Load 

• 

3.9 

4.2 


3.9 

4.2 


V 

.. .... .... 


Output High, 600Qto GND 

• 

3.1 

3.8 


3.0 

3.8 


V 

Is 

Supply Current per Amplifier 


• 


360 

550 


360 

580 

pA 
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LT1413 


€l€CTRICRl CHRRRCT€RISTICS V S = ±15V,T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

LT1413ACN6 
MIN TYP 

1 

MAX 

LT1413CN8/S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1413N8 


75 

280 


90 

480 

mV 



LT1413S8 





110 

580 

tiv 

•os 

Input Offset Current 



0.1 

0.7 


0.1 

0.8 

nA 

•b 

Input Bias Current 



8 

15 


8 

18 

nA 


Input Voltage Range 


13.5 

13.8 


13.5 

13.8 


V 




-15.0 

-15.3 


-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 13.5V, -15V 

100 

117 


97 

114 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2V to ±1 8V 

103 

120 


100 

117 


dB 

— 1 

Large-Signal Voltage Gain 

V o = ±10V, R l = 2k 

1500 

5000 


1200 

4000 


V/mV 

VoUT 

Maximum Output Voltage Swing 

R L = 2k 

±13 

±14 


±12.5 

±14 


V 

SR 

Slew Rate 


0.2 

0.4 


0.2 

0.4 


V/ps 

•s 

Supply Current per Amplifier 



350 

500 


350 

550 

pA 


Vs = ±15V, 0°C < T A < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

LT1413ACN8 

MIN TYP MAX 

LT1413CN8/S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1413N8 

• 


95 

390 


110 

620 

pV 



LT1413S8 

• 





130 

720 

pV 

AVqs/AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.4 

2.5 


0.5 

3.0 

pV/°C 

•os 

Input Offset Current 


• 


0.1 

1.0 


0.1 

1.2 

nA 

•b 

Input Bias Current 


• 


9 

20 


9 

23 

nA 

Avol 

Large-Signal Voltage Gain 

V 0 = ±1 OV, R l = 2k 

• 

1000 

4000 


700 

3000 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V CM = 13V, -15V 

• 

98 

116 


94 

113 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±1 8V 

• 

101 

119 


97 

116 


dB 


Maximum Output Voltage Swing 

R l = 2k 

• 

±12.5 

±13.9 


±12.0 

±13.9 


V 

•s 

Supply Current per Amplifier 


• 


360 

550 


360 

600 

pA 


V s = +15V, -40°C < T A < 85°C (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS (Note 1) 

LT1413ACN8 
MIN TYP 

MAX 

LT1 41 3CN8/S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1413N8 

• 


100 

460 


120 

700 

pV 



LT1413S8 

• 





140 

800 

mV 

AVqs/AT 

Input Offset Voltage Drift 


• 


0.4 

2.8 


0.5 

3.3 

pV/°C 

•os 

Input Offset Current 


• 


0.2 

1.4 


0.2 

1.7 

nA 

•b 

Input Bias Current 


• 


10 

25 


10 

30 

nA 

Avol 

Large-Signal Voltage Gain 

V 0 = ±1 OV, R L = 2k 

• 

800 

3000 


500 

2400 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V CM = 13V, -15V 

• 

97 

115 


92 

112 


dB 

PSRR 

Power Supply Rejection Ratio 

V s ±2V to ±1 8V 

• 

100 

118 


95 

115 


dB 


Maximum Output Voltage Swing 

R l = 2k 

• 

±12.2 

±13.8 


±11.8 

±13.8 


V 

•s 

Supply Current per Amplifier 


• 


370 

580 


370 

630 

pA 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers; i.e., out of 100 LT1413s typically 120 
op amps will be better than the indicated specification. 

Note 2: This parameter is tested on a sample basis only. All noise 
parameters are tested with Vs = ±2.5V, Vo = OV. 

Note 3: This parameter is guaranteed by design and is not tested. 


Note 4: Gain-Bandwidth Product is not tested. It is inferred from the slew 
rate measurement. 

Note 5: This parameter is not 100% tested. 

Note 6: At the minimum supply voltage, the offset voltage changes less 
than 200pV compared to its value at 5 V, OV. 

Note 7: The LT1413 is not tested and is not quality-assurance sampled at 
-40°C and at 85°C. These specifications are guaranteed by design, 
correlation and/or inference from 0°C, 25°C and/or 70°C tests. 
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NOISE VOLTAGE (200nV/DIV) INPUT OFFSET CURRENT (pA) 


LT1413 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Distribution of Input Offset Voltage 



INPUT OFFSET VOLTAGE (jiV) 


Supply Current vs Temperature 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 


Output Saturation vs Sink 
Current vs Temperature 



TEMPERATURE (°C) 


LT1413*TA02 


LT1413*TA04 


Input Offset Current vs Temperature 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 


Input Bias Current vs 
Common-Mode Voltage 



0 -2 -4 -6 -8 -10 -12 -14 -16 

INPUT BIAS CURRENT (nA) 


LT1413-TA06 


LT1413 • TA07 


LT1413 • TA08 


0.1Hz to 10Hz Noise 


1 1 1 1 

Ta = 25°C 






V 

= ± 

2V TO ±1 8V 




















1 






Vi 



u 

W 

& 



s 

t 










































0 2 4 6 8 10 

TIME (SECONDS) 


LT1413*TA09 


Noise Spectrum 



1 10 100 Ik 

FREQUENCY (Hz) 


LT1413 • TA10 


Minimum Supply Voltage 



2 3 4 5 

POSITIVE SUPPLY VOLTAGE (V) 


LT1413-TA11 
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LT1413 








LT1413 


nppucnnons inFonmnnon 


Single Supply Operation 

The LT1413 is fully specified for single supply operation, 
i.e., when the negative supply is OV. Input common-mode 
range includes ground; the output swings within a few 
millivolts of ground. 

If the input is more than a few hundred millivolts below 
ground, two distinct problems can occur on previous 
single supply designs, such as the LM1 24, LM1 58, OP-21 
and OP-221. 

a) When the input is more than a diode drop below 
ground, unlimited current will flow from the substrate 
(V - terminal) to the input. This can destroy the unit. On 
the LT1413, the 4000 resistors, in series with the input 
(see Schematic Diagram), protect the devices even when 
the input is 5V below ground. 

b) When the input is more than 400mV below ground 
(at 25°C), the input stage saturates (transistors Q3 and 
Q4) and phase reversal occurs at the output. This can 
cause lock-up in servo systems. Due to a unique phase 
reversal protection circuitry (Q21, Q22, Q27, Q28), the 
LT141 3 outputs do not reverse, as illustrated below, 
even when the inputs are at -1 .5 V. Keep the output of the 


other amplifier out of negative saturation for the phase 
reversal protection to function properly. 

Since the output of the LT1413 cannot go exactly to 
ground, but can only approach ground to within a few 
millivolts, care should be exercised to ensure that the 
output is not saturated. For example, a ImV input signal 
will cause the amplifier to set up in its linear region 
in the gain 100 configuration shown below, but is not 
enough to make the amplifier function properly in the 
voltage-follower mode. 


Figure 1. 

Comparator Applications 

The single supply operation of the LT1 41 3 lends itself to 
its use as a precision comparator with TTL compatible 
output; the response time is shown below. 


Voltage Follower with Input Exceeding the Negative Common-Mode Range 






50ns/DIV 

LT1413 • TA25 


6V P .p INPUT, -1.5V TO 4.5V LM324, LM358, OP-221 LT1413 

LH413.TA21 EXHIBIT OUTPUT PHASE REVERSAL NO PHASE REVERSAL 


Comparator Rise Response Time 
IQmV, 5mV, 2mV Overdrives 


LT1413 • TA22 LT1413-TA23 

Comparator Fall Response Time 
to lOmV, 5mV, 2mV Overdrives 


-100 


V s = 5V, OV 


_ 0 
i 100 


V s = 5V, OV 
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Dual, Precision 
JFET Input Op Amp 


F€RTUR€S 

■ Handles 10, OOOpF Capacitive Load 

■ 450p,V Max Offset Voltage 

■ 1 200jaV Max Offset Voltage in S8 Package 

■ 50pA Bias Current at 70°C 

■ 13nV/Vflz Voltage Noise 

■ 4V/|is Slew Rate 

■ 4(xV/°C Drift 

■ 130dB Channel Separation 

flppucOTions 

■ Sample-and-Hold (Drives Large Hold Capacitors) 

■ A/D and D/A Converters 

■ Photodiode Amplifiers 

■ Voltage-to-Frequency Converters 


DCSCRIPTIOH 

The LT1457 is a dual, JFET input op amp optimized for 
handling large capacitive loads in combination with preci- 
sion performance. 

Precision specifications include 220pV offset voltage in 
plastic and surface mount packages. At 70°C input bias 
current is 50pA, input offset current is 20pA. Channel 
separation is 130dB. 

Other dual JFET input op amps from Linear Technology 
include the LT1057, which is three times faster than the 
LT 1 457 but at the expense of significantly lower capacitive 
load handling capability; and the LT1 113 with 4.5nV/VHz 
voltage noise. 


TVPICRl P€ftFORmnnC€ CHRRRCTCRISTICS 


Capacitive Load Handling 



0.1 1 10 100 
CAPACITIVE LOAD (nF) 


input Offset Voltage Distribution 
S8 Package 



- 1 . 0 - 0.8 - 0 . 6 - 0.4 - 0.2 0 0.2 0.4 0.6 0.8 1.0 
INPUT OFFSET VOLTAGE (mV) 


LT11457* TA01 


LT1457*TA02 
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LT1457 
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PRCKRG€/ORD€R IRFORfTlRTIOn 


Supply Voltage ±20V 

Differential Input Voltage ±40V 

Input Voltage Equal to Supply Voltages 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


OUT A QJ 



N8 PACKAGE 
8-LEAD PLASTIC DIP 
TjMAX = 115°C,ej A = 130°C/W 


ORDER PART 
NUMBER 


LT1457ACN8 

LT1457CN8 


TOP VIEW 


+IN A [T 

v- [7 
+INB [7 
-INB [T 




T] -IN A 
T\ OUT A 

T\ v + 

T] OUT B 


LT1457S8 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

NOTE: THIS PIN CONFIGURATION DIFFERS FROM 
THE 8-LEAD DIP PIN LOCATIONS. INSTEAD, IT 
FOLLOWS THE INDUSTRY STANDARD LT1013DS8 
SO PACKAGE CONFIGURATION. 

Tjmax = 130°C, 0j A = 190°C/W 


S8 PART MARKING 


1457 


Consult factory for Industrial and Military grade parts. 


ELCCTRICRL CHRRRCT6RISTICS Vs = ±15V, T a = 25°C,V C m = 0V unless otherwise noted. (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1457AC 

MIN TYP MAX 

LT1457C/LT1457S8 
MIN TYP MAX 

UNITS 

^OS 

Input Offset Voltage 

LT1 457 AC/C 

150 450 

200 800 

mV 



LT1457S8 


220 1200 

mV 

OS 

Input Offset Current 

Fully Warmed Up 

3 40 

4 50 

pA 

B 

Input Bias Current 

Fully Warmed Up 

±5 ±50 

±7 ±75 

PA 


Input Resistance -Differential 


10 12 

10 12 

Q. 


-Common-Mode 

V CM = -1 1 V to 8V 

10 12 

10 12 

n 



V C M = 8V to 11V 

10 11 

10 11 

n 


Input Capacitance 


4 

4 

PF 

3 n 

Input Moise Voltage 

0.1 Hz to 10Hz 

2.0 

2.1 

pVp_p 

3 n 

Input Noise Voltage Density 

f 0 = 10Hz 

26 

28 

nV/VHz 



f 0 = 1kHz (Note 2) 

13 22 

14 24 

nV/VHz 

n 

Input Noise Current Density 

f 0 = 10Hz, 1kHz (Note 3) 

1.5 4 

1.8 6 

fAA/Hz 

^VOL 

Large-Signal Voltage Gain 

V o = ±10V, R L = 2k 

150 350 

100 300 

V/mV 



V o = ±10V, R L = Ik 

120 250 

80 220 

V/m V 


Input Voltage Range 


±10.5 14.3 

±10.5 14.3 

V 




-11.5 

-11.5 

V 

:mrr 

Common-Mode Rejection Ratio 

V cm = ±10.5V 

86 100 

82 98 

dB 

3 SRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±18V 

88 103 

86 102 

dB 

A)UT 

Output Voltage Swing 

R l = 2k 

±12 ±13 

±12 ±13 

V 

3R 

Slew Rate 


2 4 

2 4 

V/pis 
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LT1457 


€l€CTRICRl CHRRRCTCRISTICS Vs = ±15V, T a = 25°C,V cm = OV unless otherwise noted. (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1457AC 

MIN TYP MAX 

LT1457C/IT1457S8 
MIN TYP MAX 

UNITS 

GBW 

Gain-Bandwidth Product 

(Note 5) 

1.0 1.7 

1.0 1.7 

MHz 

Is 

Supply Current Per Amplifier 


1.8 3.0 

1.8 3.0 

mA 


Channel Separation 

DC to 5kHz, V )N = ±10V 

132 

130 

dB 


eiCCTMCRl CHRRRCTCRISTKS Vs = ±15V, Vqivi = OV, 0°C < T A < 70 C, unless otherwise noted. 







LT1457AC 


LT1457C/LT1457S8 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1457AC/C 

• 


250 

900 


330 

1500 

nV 



LT1457S8 

• 





400 

1900 

mV 


Average Temperature Coefficient of 
Input Offset Voltage (Note 4) 


9 


3 

10 


4 

16 

nv/°c 

■os 

Input Offset Current 

Warmed Up, T A = 70°C 



18 

150 


20 

250 

pA 

Ib 

Input Bias Current 

Warmed Up, T A = 70°C 



±50 

±250 


±60 

±350 

PA 

Avol 

Large-Signal Voltage Gain 

V o = ±10V, R L = 2k 

9 

70 

220 


50 

200 


V/m V 

CMRR 

Common-Mode Rejection Ratio 

V cm = ±10.4V 

• 

85 

98 


80 

96 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±4.5V to±18V 

• 

87 

102 


84 

100 


dB 

VOUT 

Output Voltage Swing 

R L = 2k 

• 

±12 

±12.8 


±12 

±12.8 


V 

Is 

Supply Current Per Amplifier 





3.2 



3.2 

mA 



T a = 70°C 



1.7 



1.7 


mA 


aCCTfilCAl CHRRRCTCRISTKS Vs = ±15V, Vcm = OV, “40°C < T a < 85°C, unless otherwise noted. (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1457AC 

MIN TYP MAX 

LT1457C/LT1457S8 
MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1 457 AC/C 

• 

350 1100 

400 1800 

mV 



LT1457S8 

• 


500 2300 

mV 


Average Temperature Coefficient of 


• 

3 10 

4 16 

|iV/°C 


Input Offset Voltage 






los 

Input Offset Current 

Warmed Up, T A = 85°C 


0.1 0.5 

0.1 0.6 

nA 

Ib 

Input Bias Current 

Warmed Up, T A = 85°C 


±0.2 ±0.7 

±0.2 ±0.9 

nA 

Avol 

Large-Signal Voltage Gain 

V o = ±10V, R L = 2k 

• 

40 120 

30 110 

V/mV 

CMRR 

Common-Mode Rejection Ratio 

Vcm = ±10.4V 

• 

84 97 

80 95 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±5V to ±1 7V 

• 

86 100 

83 98 

dB 

Vout 

Output Voltage Swing 

R L = 2k 

• 

±12 ±12.7 

±12 ±12.6 

V 

•s 

Supply Current Per Amplifier 

T a = -40°C 


3.8 

3.8 

mA 



T a = 85°C 


11 i 

1.7 

mA 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Typical parameters are defined as the 60% yield of distributions of 
individual amplifiers; i.e., out of 100 LT1457s (200 op amps) typically 120 
will be better than the indicated specification. 

Note 2: This parameter is tested on a sample basis only. 

Note 3: Current noise is calculated from the formula: i n = (2qlb) 1/2 , where 
q = 1.6 x 10~ 19 coulomb. The noise of source resistors up to 1GQ 
swamps the contribution of current noise. 


Note 4: This parameter is not 100% tested. 

Note 5: Gain-Bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

Note 6: The LT1457 is not tested and not quality-assurance-sampled at 
-40°C and at 85°C. These specifications are guaranteed by design, 
correlation, and/or inference from 0°C, 25°C, and 70°C tests. 
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LT1457 


YPICAl P€RFORmnnC€ CHRRRCTCRISTICS 


jrge-Signal Response 
^ = 1, C L = IQOpF 



LT1457 TPC19 


Small-Signal Response 
Ay = 1, C L = 1 0OOpF 



Small-Signal Response 
Av = 1 , C L = 10,000pF 



ippucRTions inFORmnnon 

hase Reversal Protection 

lost industry standard JFET input single, dual, and quad 
p amps (e.g., LF156, LF351, LF353, LF411, LF412, 
P-1 5, OP-1 6, OP-21 5, and TL084) exhibit phase reversal 
:the output when the negative common-mode limit at the 
iput is exceeded (i.e., below -12V with ±15V supplies), 
he photos show a ±1 6 V sine wave input (A), the response 


of an LF41 2A in the unity gain follower mode (B), and the 
response of the LT1457 (C). 

The phase reversal of photo (B) can cause lock-up in servo 
systems. The LT1457 does not phase-reverse due to a 
unique phase reversal protection circuit. 




LT1457AI02 



LT1457 AI03 


(A) ±16V Sine Wave Input 


(B) LF412A Output 


(C) LT1457 Output 


All Photos 5V/Div Vertical Scale, 50jis/Div Horizontal Scale 
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High Speed Operation 

When the feedback around the op amp is resisitive (Ftp), a 
pole will be created with Rp, the source resistance and 
capacitance (Rs, Cs), and the amplifier input capacitance 
(Cin = 4pF). In low closed loop gain configurations and 
with Rs and Rp in the kilohm range, this pole can create 
excess phase shift and even oscillation on high speed 
amplifiers. Because the LT1457’s phase margin is very 
high, this problem is minimal. However, a small capacitor 
(Cp) in parallel with Rpeliminatesthis problem. With Rs(Cs 
+ Cin) = RfCf, the effect of the feedback pole is completely 
removed. 


Cf 



xt urn 
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SECTION 2— AMPLIFIERS 

HIGH SPEED AMPLIFIERS 

LT1122, Fast Settling, JFET Input Operational Amplifier 2-84 

LT1187, Low Power Video Difference Amplifier 2-92 

LT1189, Low Power Video Difference Amplifier 2-104 

LT1195, Low Power, High Speed Operational Amplifier 2-116 

LT1201/LT1202, Dual and Ouad 1mA, 12MHz, 50V/ps Op Amps 2-127 

LT1206, 250mA/60MHz Current Feedback Amplifier 2-137 

L T1208/L T1209, Dual and Ouad 45MHz, 400V/ps Op Amps 2-150 

LT1211/LT1212, 14MHz, 7V/ps, Single Supply Dual and Ouad Precision Op Amps 2-160 

LT1213/LT1214, 28MHz, 12V/ps, Single Supply Dual and Quad Precision Op Amps 2-176 

LT1215/LT1216, 23MHz, 50V/jjs, Single Supply Dual and Quad Precision Op Amps 2-192 

LT1227, 140MHz Video Current Feedback Amplifier 2-208 

L T1251/L T1256, 40MHz Video Fader and DC Gain Controlled Amplifier 2-219 

LT1252, Low Cost Video Amplifier 2-242 

LT1253/LT1254, Low Cost Dual and Quad Video Amplifiers 2-249 

LT1259/LT1260, Low Cost Dual and Triple 130MHz Current Feedback Amplifiers with Shutdown 2-256 

LT1354, 12MHz, 400V/ps Op Amp 2-267 

L T1355/L T1356, Dual and Quad 12MHz, 400V /ps Op Amps 2-278 

LT1357, 25MHz, 600V /ps Op Amp 2-289 

L T1358/L T1359, Dual and Quad 25MHz, 600V /ps Op Amps 2-300 

LT1360, 50MHz, 800V/ps Op Amp 2-311 

L T1361/L T1362, Dual and Quad 50MHz, 800V/ps Op Amps 2-322 

LT1363, 70MHz, lOOOV/ps Op Amp 2-333 

LT1364/LT1365, Dual and Quad 70MHz, lOOOV/ps Op Amps 2-344 
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F€ATUR€S 

■ 100% Tested Settling Time 340ns Typ 

to 1 mV at Sum Node, 1 0V Step 540ns Max 

Tested with Fixed Feedback Capacitor 

■ Slew Rate 60V/ps Min 

■ Gain Bandwidth Product 1 4MHz 

■ Power Bandwidth (20Vp-p) 1.2 MHz 

■ Unity Gain Stable; Phase Margin 60° 

■ Input Offset Voltage 600pV Max 

■ Input Bias Current 25°C 75pAMax 

70°C 600pA Max 

■ Input Offset Current 25°C 40pAMax 

70°C 1 50pA Max 

■ Low Distortion 


flppucmions 

■ Fast 12-Bit D/A Output Amplifiers 

■ High Speed Buffers 

■ Fast Sample and Hold Amplifiers 

■ High Speed Integrators 

■ Voltage to Frequency Converters 

■ Active Filters 

■ Log Amplifiers 

■ Peak Detectors 


Fast Settling, JFET Input 
Operational Amplifier 

D€SCRIPTIOn 

The LT1122 JFET input operational amplifier combines 
high speed and precision performance. 

A unique poly-gate JFET process minimizes gate series 
resistance and gate-to-drain capacitance, facilitating wide 
bandwidth performance, without degrading JFET transis- 
tor matching. 

It slews at 80V/|is and settles in 340ns. The LT1122 is 
internally compensated to be unity gain stable, yet it has a 
bandwidth of 14MHz at a supply current of only 7mA. Its 
speed makes the LT1122 an ideal choice for fast settling 
12-bit data conversion and acquisition systems. 

The LT1122 offset voltage of 1 20|iV, and voltage gain ol 
500,000 also support the 12-bit accurate applications. 

The input bias current of lOpA and offset current of 4pA 
combined with its speed allow the LT1122 to be used in 
such applications as high speed sample and hold amplifi- 
ers, peak detectors, and integrators. 


typical flppiicnnon 


12-Bit Voltage Output D/A Converter 



12-BIT CURRENT OUTPUT D/A CONVERTER 
C f = 5pF TO 17pF 

(DEPENDING ON D/A CONVERTER USED) lth 22 .taoi 


Large-Signal Response 



AV = -1 

1122TA07 
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LT1122 


absolute mnximum RmmGs 


Supply Voltage ±20V 

Differential Input Voltage +40V 

Input Voltage ±20V 

Output Short Circuit Duration Indefinite 

Lead Temperature (Soldering, 10 sec.) 300°C 


PflCKRG€/ORD€R IRFORmRIIOR 


Operating Temperature Range 

LT1 1 22AM/BM/CM/DM - 55°C to 125°C 

LT1 1 22AC/BC/CC/DC/CS/DS - 40°C to 85°C 

Storage Temperature Range 
All Devices -65°Cto 150°C 



TOP VIEW 


ORDER PART 

Vos nr 
TRIM LL 

W 

Tl SPEED BOOST/ 
_°J OVERCOMP 

NUMBER 

-IN |T 

LT1122 


LT1122AMJ8 LT1122CCJ8 

+IN [7 

T\ OUT 

LT1122BMJ8 LT1122DCJ8 

v- [7 


T] V 0S TRIM 

LT1122CMJ8 LT1122ACN8 

N8 PACKAGE J8 PACKAGE 

LT1122DMJ8 LT1122BCN8 

8-LEAD PLASTIC DIP 8-LEAD HERMETIC DIP 

Tjmax = 150°C, 0j A = 130°C/W (N8) 

LT1122ACJ8 LT1122CCN8 

TjMAX = 175°C,e JA 3l00 o C/W (J8) 

LT1122BCJ8 LT1122DCN8 


Vos rr 
TRIM LL 

-IN | T 

+IN H 

v- (T 


m SPEED BOOST/ 
OVERCOMP 

II V+ 

T| OUT 
7] V os TRIM 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax = 150°C, 8ja = 190°C/W 


ORDER PART 
NUMBER 


LT1122CS8 

LT1122DS8 


PART MARKING 


1122C 

1122D 


Consult factory for Industrial grade parts. 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Ta = 25°C, Vgm = 0V unless otherwise noted. (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1122AM/BM 

LT1122AC/BC 

MIN TYP MAX 

LT1122CM/DM 

LT1122CC/DC 

LT1122CS/DS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


120 600 

130 900 

mV 

•os 

Input Offset Current 


4 40 

5 50 

PA 

>B 

Input Bias Current 


10 75 

12 100 

PA 


Input Resistance 






Differential 


10 12 

10 12 

a 


Common Mode 

V C m = - 1 0V to + 8V 

10 12 

10 12 

n 



V C m = + 8V to + 11V 

10 11 

10 11 

a 


Input Capacitance 


4 

4 

PF 

Sr 

Slew Rate 

A v = -1 

60 80 

50 75 

V/fis 


Settling Time (Note 2) 

+ 10V to OV.-IOVtoOV 






100% Tested: A and C Grades 






to 1 mV at Sum Node 

340 540 

350 590 

ns 



B and D Grades to ImV at Sum Node 

350 

360 

ns 



All Grades to 0.5mV at Sum Node 

450 

470 

ns 

GBW 

Gain Bandwidth Product 


14 

13 

MHz 


Power Bandwidth 

Vout = 20Vp-p 

1.2 

1.1 

MHz 

Avol 

Large Signal Voltage Gain 

V OU t = ±10V, R L = 2kn 

180 500 

150 450 

V/ mV 



Vout = ± 1 0V, Rl = 60012 

130 250 

110 220 

V/mV 

CMRR 

Common Mode Rejection Ratio 

V C M = ±10V 

83 99 

80 98 

dB 


Input Voltage Range 

(Note 3) 

±10.5 ±11 

±10.5 ±11 

V 

PSRR 

Power Supply Rejection Ratio 

V s = ± 1 0V to ± 1 8 V 

86 103 

82 101 

dB 


Input Noise Voltage 

0.1 Hz to 10Hz 

3.0 

3.3 

MVp-p 


Input Noise Voltage Density 

f 0 = 100Hz 

25 

27 

nV/VHz 



f 0 = 10kHz 

14 

15 

nV/VHz 


Input Noise Current Density 

f o = 100Hz,f o = 10kHz 

2 

2 

fA/VHz 
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LT1122 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Ta = 25°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1122AM/BM 

LT1122AC/BC 

MIN TYP MAX 

LT1122CM/DM 

LT1122CC/DC 

LT1122CS/DS 

MIN TYP MAX 

UNITS 

V 0UT 

Output Voltage Swing 

R l = 2kft 

±12 ±12.5 

±12 ±12.5' 

V 



R l = 600Q 

±11.5 ±12 

±11.5 ±12 

V 

Is 

Supply Current 


7.5 10 

7.8 11 

m/> 


Minimum Supply voltage 

(Note 4) 

±5 

±5 

V 


Offset Adjustment Range 

RpOT>10k, Wiper to V + 

±4 ±10 

±4 ±10 

mV 


V s = ± 15V, Vow = OV, 0°C < T A < 70°C, unless otherwise noted. (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1122AC/BC 

MIN TYP MAX 

LT1122CC/DC 

LT1122CS/DS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


350 

1400 


400 

2000 



Average Temperature Coefficient 
of Input Offset Voltage 


• 


5 

18 


6 

25 

LiV/°C 

•os 

Input Offset Current 


• 


12 

150 


15 

200 

p/s 

•b 

Input Bias Current 


• 


80 

600 


90 

800 

p/5 

Avol 

Large Signal Voltage Gain 

Vqut = ± 10V, R L >2ki2 


120 

380 


100 

340 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V CM = ±10V 

• 

82 

98 


78 

96 


dE 

PSRR 

Power Supply Rejection Ratio 

V S = ±10V to ± 17V 

• 

84 

101 


80 

99 


dE 


Input Voltage Range 


• 

±10 

±10.8 


±10 

±10.8 


V 

v out 

Output Voltage Swing 

R L = 2kft 

• 

±11.5 

±12.4 


±11.5 

±12.4 


V 

Sr 

Slew Rate 

A v = - 1 

• 

50 

70 


40 

65 


V/jis 


V s = ± 15V, Vcivi = OV, - 55°C < T A < 125°C, unless otherwise noted. (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1122AM/BM 

MIN TYP MAX 

LT1122CM/DM 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


650 

2400 


800 

3400 

H\ 


Average Temperature Coefficient 
of Input Offset Voltage 


• 


6 

18 


7 

25 

|uiV/ 0 C 

los 

Input Offset Current 


• 


0.5 

6 


0.6 

9 

n / 

>B 

Input Bias Current 


• 


6 

25 


7 

35 

n/ 

Avol 

Large Signal Voltage Gain 

V 0UT = ± 10V, R L > 2kO 

• 

70 

230 


60 

200 


V/m\ 

CMRR 

Common Mode Rejection Ratio 

V CM = ±10V 

• 

80 

97 


76 

94 


dE 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 17V 

• 

83 

100 


78 

98 


dE 


Input Voltage Range 



±10 

±10.5 


±10 

±10.5 


\ 

Vout 

Output Voltage Swing 

a 

CM 

II 

cc 

• 

±11.3 

±12.1 


±11.3 

±12.1 


\ 

Sr 

Slew Rate 

Av = -1 

• 

45 

60 


35 

55 


V/|i! 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: The LT1 122 is measured in an automated tester in less than one 
second after application of power. Depending on the package used, power 
dissipation, heat sinking, and air flow conditions, the fully warmed up chip 
temperature can be 10°C to 50°C higher than the ambient temperature. 
Note 2: Settling time is 100% tested for A and C grades using the settling 
time test circuit shown. This test is not included in quality assurance 
sample testing. 


Note 3: Input voltage range functionality is assured by testing offset 
voltage at the input voltage range limits to a maximum of 4mV (A, B 
grades), to 5.7mV (C, D grades). 

Note 4: Minimum supply voltage is tested by measuring offset voltage to 
7mV maximum at ± 5 V supplies. 

Note 5: The LT1122 is not tested and not quality-assurance-sampled at 
-40°C and at 85°C. These specifications are guaranteed by design, 
correlation and/or inference from - 55°C, 0°C, 25°C, 70°C and/or 125°C 
tests. 
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LT1122 


ClCCTMCRl CHARACTERISTICS 

Vs = ±15V, V C m = 0V,-40 o C<T a < 85°C 5 unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1122AC/BC 

MIN TYP MAX 

LT1122CC/DC 

LT1122CS/DS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


450 

1900 


500 

2700 

nv 


Average Temperature Coefficient 
of Input Offset Voltage 


• 


6 

20 


7 

28 

pV/°C 

•os 

Input Offset Current 


• 


30 

600 


40 

900 

pA 

•b 

Input Bias Current 


• 


230 

2000 


260 

2700 

pA 

Avol 

Large Signal Voltage Gain 

V OUT = ±10V, R L >2kO 

• 

95 

340 


80 

300 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V CM = ±10V 

• 

80 

98 


76 

96 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 17V 

• 

83 

100 


78 

98 


dB 


Input Voltage Range 


• 

±10 

±10.6 


±10 

±10.6 


V 

VoUT 

Output Voltage Swing 

R l = 2kQ 

• 

±11.3 

±12.2 


±11.3 

±12.2 


V 

Sr 

Slew Rate 

A v = -1 

• 

45 

65 


35 

60 


V/pis 


Settling Time Test Fixture 


DEVICE UNDER TEST 


5pF 
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TYPICAL P€AFORmAAC€ CHARACTERISTICS 


Settling Time 
(Input From -1 OV to OV) 



Settling Time 
(Input From +10V to OV) 



1122 G02 


Settling Time 
(Input From OV to +10V) 



1122 G03 


Settling Time 
(Input From OV to -10V) 



100ns/DIV 

1122 G04 


Large Signal Response 



200ns/DIV 
A v = +1 

1122 G05 


Undistorted Output Swing vs 



FREQUENCY (Hz) 

LT1122*TPC01 


Voltage Gain vs Frequency 


— 





v s = 

Ta = 

±15Vi 




\ 



25°C 





\ 

V 









v 

















\ 









\ 










1 10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



Common Mode Rejection vs 
Frequency 





Vs =±15V 


' "N 

\ 

T 

A = 25° 




\ 

\ 







\ 







\ 






3 


1M 10M 100M 

FREQUENCY (Hz) 


100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


LT1122*TPC02 


LT1122*TPC03 


LT1122*TPC04 
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Distribution of Input Offset 
Voltage 


800 


1 1 — 1 — 1 — 

3370 UNITS TESTED V 


IN 

ALL 

ACK/ 

\GES 

I 

Lr-j ( 

A = 2b C ' 

MOT WARMED UP) 




J 

1 

















— 













_r 



I 




□ 

1 







-900 -500 -100 100 500 900 

INPUT OFFSET VOLTAGE (|iV) 


Input Bias and Offset Currents 
Over Temperature 



25 50 75 100 125 

CHIP TEMPERATURE (°C) 


Bias and Offset Currents Over 
The Common-Mode Range 





V S = ±15V 





Ta = 25°C 
(NOT-WARM 

ID UP) 




BIAS 

/ 




n 

} 

r 

1 


' OFFS 
CURRE 

ET 

NT\^ 

J 







s 


-15 -10 -5 0 5 10 15 

COMMON-MODE INPUT VOLTAGE (V) 


Warm-up Drift 


Noise Spectrum 


0.1Hz to 10Hz Noise 


v s = 

Ta = 

— 

t15V 

>5°C 



1 

SO PACKAGE 


7 



N PACKAGE 

! 

7 



JPAC 

KAGE 

// 






<L_ 


! 

IN SI 
SOLI 

TILL AIR 
)ERED C 

(SO PA 
INTO BC 

l 

CKAGE 

)ARD) 


0 12 3 

TIME AFTER POWER ON (MINUTES) 



3 10 30 100 300 Ik 3k 10k 

FREQUENCY (Hz) 




2 4 6 

TIME (SECONDS) 


Total Harmonic Distortion 
+ Noise vs Frequency 
Inverting Gain 


0.001 


- T A = 25°C 

= V S = ±15V — 

- Z L = 5k//15pF 
V 0 = 7 V RMS 


A v = -50; 


Ay = -10 


A v = -1 


20 100 Ik 10k 20k 

FREQUENCY (Hz) 


Total Harmonic Distortion 
+ Noise vs Frequency 
Non-Inverting Gain 


Intermodulation Distortion 
(CCIF Method) vs Frequency 
LT1122 and LF156* 



FREQUENCY (Hz) 


FREQUENCY (Hz) 

*SEE LT1 1 1 5 DATA SHEET FOR DEFINITION 
OF CCIF TESTING LT1122 . TPt 
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Settling Time Measurements 

Settling time test circuits shown on some competitive 
devices’ data sheets require: 

1. A “flat top” pulse generator. Unfortunately, flat top 
pulse generators are not commercially available. 

2. A variable feedback capacitor around the device under 
test. This capacitor varies over a four to one range. 
Presumably, as each op amp is measured for settling 
time, the capacitor is fine tuned to optimize settling 
time for that particular device. 

3. A small inductor load to optimize settling. 

The LT1 1 22’s settling time is 100% tested in the test 
circuit shown. No “flat top” pulse generator is required. 
The test circuit can be readily constructed, using commer- 
cially available ICs. Of course, standard high frequency 
board construction techniques should be followed. All 
LT1 1 22s are measured with a constant feedback capaci- 
tor. No fine tuning is required. 

Speed Boost/Overcompensation Terminal 

Pin 8 of the LT1 1 22 can be used to change the input stage 
operating current of the device. Shorting pin 8 to the 
positive supply (Pin 7) increases slew rate and bandwidth 
by about 25%, but at the expense of a reduction in phase 
margin by approximately 18 degrees. Unity gain capaci- 
tive load handling decreases from typically 500pF to 
lOOpF. 

Conversely, connecting a 15k resistor from pin 8 to 
ground pulls 1mA out of pin 8 (with V + = 15V). This 
reduces slew rate and bandwidth by 25%. Phase margin 
and capacitive load handling improve; the latter typically 
increasing to 800pF. 

High Speed Operation 

As with most high speed amplifiers, care should be taken 
with supply decoupling, lead dress and component 
placement. 


The power supply connections to the LT1 1 22 must main- 
tain a low impedance to ground over a bandwidth of 
20MHz. This is especially important when driving a signifi- 
cant resistive or capacitive load, since all current delivered 
to the load comes from the power supplies. Multiple high 
quality bypass capacitors are recommended for each 
power supply line in any critical application. A 0.1 nF 
ceramic and a 1 pF electrolytic capacitor, as shown, placed 
as close as possible to the amplifier (with short lead 
lengths to power supply common) will assure adequate 
high frequency bypassing, in most applications. 



When the feedback around the op amp is resistive (Ftp), a 
pole will be created with Ftp, the source resistance and 
capacitance (Rs, Cs), and the amplifier input capacitance 
(C|m ~ 4pF). In low closed loop gain configurations and 
with Rs and Rp in the kilohm range, this pole can create 
excess phase shift and even oscillation. A small capacitor 
(Cp) in parallel with Rp eliminates this problem. With 
Rs (C S + Ciw) = RpCp, the effect of the feedback pole is 
completely removed. 
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F€RTUR€S 

■ Differential or Single-Ended Gain Block (Adjustable) 


■ -3dB Bandwidth, Ay = ±2 50MHz 

■ Slew Rate 1 65V/jxs 

■ Low Supply Current 13mA 

■ Output Current ±20mA 

■ CMRR at 10MHz 40dB 

■ LT1 193 Pin Compatible 

■ Low Cost 

■ Single 5V Operation 

■ Drives Cables Directly 

■ Output Shutdown 


RPPUCRTIORS 

■ Line Receivers 

■ Video Signal Processing 

■ Cable Drivers 

■ Tape and Disc Drive Systems 


Low Power 
Video Difference Amplifier 

DCSCRIPTIOn 

The LT1 187 is a difference amplifier optimized for opera- 
tion on ±5V, or a single 5V supply, and gain >2. This 
versatile amplifier features uncommitted high input im- 
pedance (+) and (-) inputs, and can be used in differential 
or single-ended configurations. Additionally, a second set 
of inputs give gain adjustment and DC control to the 
difference amplifier. 

The LT1 1 87’s high slew rate, 165V/p.s, wide bandwidth, 
50MHz, and ±20mA output current require only 13mA of 
supply current. The shutdown feature reduces the power 
dissipation to a mere 1 5mW, and allows multiple amplifi- 
ers to drive the same cable. 

The LT1 1 87 is a low power version of the popular LT1 1 93, 
and is available in 8-pin miniDIPs and SO packages. For 
applications with gains of 10 or more, see the LT1189 
data sheet. 


TVPICfll RPPUCRTIOR 


Cable Sense Amplifier for Loop Through Connections 
with DC Adjust 


Closed-Loop Gain vs Frequency 




0.1 1 10 100 
FREQUENCY (MHz) 

LT1187 • TA02 
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PfiCKfiG€/ORD€R inFORmnnon 


Total Supply Voltage (V + to V) 18V 

Differential Input Voltage ±6V 

Input Voltage ±Vs 

Output Short Circuit Duration (Note 1) Continuous 

Operating Temperature Range 

LT1187M — 55 C to 150 C 

LT1187C 0°C to 70°C 

Junction Temperature (Note 2) 

Plastic Package (CN8.CS8) 150°C 

Ceramic Package (CJ8.MJ8) 175°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



TOP VIEW 


+/REF [T 


T| -/FB 

-IN |T 


7] v + 

+IN |T 


T] OUT 

v- [7 


7] S/D 

J8 PACKAGE N8 PACKAGE 


8-LEAD HERMETIC DIP 8-LEAD PLASTIC DIP 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 

LT1187 • POIOI 

Tjmax = 150°C, e JA = 100°C/W (J8) 
Tjmax = 150°C, 0j A = 100°C/W (N8) 
Tjmax = 150°C, 0 JA = 150°C/W (S8) 


ORDER PART 
NUMBER 


LT1187CJ8 

LT1187CN8 

LT1187CS8 

LT1187MJ8 


S8 PART MARKING 


1187 


Consult factory for Industrial grade parts. 


±5V €L€CTRICRL CHRRRCTCRISTICS T A = 25°C, (Note 3) 

l/s = ±5V, Vref = 0V, Rfbi = 9000 from pins 6 to 8, Rfb 2 = 100^1 from pin 8 to ground, Rl = Rfbi + Rfb 2 = Ik, Cl < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1187M/C 

MIN TYP MAX 

UNITS 

'/os 

Input Offset Voltage 

Either Input, (Note 4) 

2.0 10 

mV 



SOIC Package 

2.0 11 

mV 

>os 

Input Offset Current 

Either Input 

0.2 1.0 

MA 

'b 

Input Bias Current 

Either Input 

±0.5 ±2.0 

liA 

3n 

Input Noise Voltage 

f 0 = 10kHz 

65 

nVMHz 

n 

Input Noise Current 

f 0 = 10kHz 

1.5 

pA/VHi 

Rin 

Input Resistance 

Differential 

100 

kft 

3in 

Input Capacitance 

Either Input 

2.0 

PF 

'/iN LIM 

Input Voltage Limit 

(Note 5) 

±380 

mV 


Input Voltage Range 


-2.5 3.5 

V 

:mrr 

Common-Mode Rejection Ratio 

V C M = -2.5V to 3.5V 

70 100 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.375V to±8V 

70 85 

dB 

'/out 

Output Voltage Swing 

V S = ±5V, R L = 1k, A v = 50 

±3.8 ±4.0 

V 



V s = ±8 V, R L = Ik, A v = 50 

±6.7 ±7.0 




V s = ±8V, R l = 3000, A v = 50, (Note 3) 

±6.4 ±6.8 


3e 

Gain Error 

V 0 = ±1V, Ay = 10, R l = Ik 

0.2 1.0 

% 

3R 

Slew Rate 

(Note 6, 10) 

100 165 

V/jjis 

: PBW 

Full Power Bandwidth 

V 0 = IVp.p, (Note 7) 

53 

MHz 

3W 

Small Signal Bandwidth 

Ay = 10 

5.7 

MHz 

tr. tf 

Rise Time, Fall Time 

Ay = 50, V 0 = ±1 .5V, 20% to 80% (Note 1 0) 

150 230 325 

ns 

-PD 

Propagation Delay 

R l = Ik, V 0 = ±125mV, 50% to 50% 

26 

ns 


Overshoot 

V 0 = ±50mV 

0 

% 


Settling Time 

3V Step, 0.1%, (Note 8) 

100 

ns 

DiffAy 

Differential Gain 

R L = 1 k, Ay = 4, (Note 9) 

0.6 

% 

Diff Ph 

Differential Phase 

R l = Ik, Ay = 4, (Note 9) 

0.8 

DEGp.p 

Is 

Supply Current 


13 16 

mA 


Shutdown Supply Current 

Pin 5 atV" 

0.8 1.5 

mA 
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LT1187 


±5V ELECTRICAL CHARACTERISTICS T a = 25°C, (Note 3) 

V s = ±5V, V REF = OV, Rpbi = 90QQ from pins 6 to 8, R F b 2 = 10012 from pin 8 to ground, Rl = R F bi + Rfb 2 = Ik, Cl < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1187M/C 

MIN TYP MAX 

UNITS 

's/D 

Shutdown Pin Current 

Pin 5 at V~ 

5 25 

|aA 

tON 

Turn On Time 

Pin 5 from V“to Ground, Rl = 1 k 

500 

ns 

t0FF 

Turn Off Time 

Pin 5 from Ground to V", Rl = Ik 

600 

ns 


5V ELECTRICAL CHARACTERISTICS T A = 25°C, (Note 3) 

V s + = 5V, V s " = OV, V REF = 2.5V, R FB i = 90012 from pins 6 to 8, R FB 2 = 10012 from pin 8 to V REF , R L = R FB i + R F b 2 = Ik, Cl < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1187M/C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input, (Note 4) 



2.0 

10 

mV 



SOIC Package 



2.0 

12 

mV 

'os 

Input Offset Current 

Either Input 


0.2 

1.0 

liA 

'b 

Input Bias Current 

Either Input 


±0.5 

±2.0 

IliA 


Input Voltage Range 


2.0 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 2.0V to 3.5V 

70 

100 


dB 

VoUT 

Output Voltage Swing 

Rl = 30012 to Ground 

Vout High 

3.6 

4.0 


V 



(Note 3) 

Vqut Low 


0.15 

0.4 


SR 

Slew Rate 

V 0 = 1.5V to 3.5V 

130 

V/ps 

BW 

Small-Signal Bandwidth 

CD 

II 

< 

5.3 

MHz 

's 

Supply Current 



12 

15 

mA 


Shutdown Supply Current 

Pin 5 at V 


0.8 

1.5 

mA 

■s/D 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

HA 


±5V €L€CTRICRL CHARACTERISTICS -55°C <T A < 125°C, (Note 3) 

Vs = +5V, V REF = OV, R F bi = 900i> from pins 6 to 8, R FR 2 = 10012 from pin 8 to ground, Rl = Rfbi + Rfb 2 = Ik, Cl < 10pF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1187M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input, (Note 4) 


2.0 

15 

mV 

AVos/AT 

Input Vqs Drift 


8.0 

pV/°C 

'os 

Input Offset Current 

Either Input 


0.2 

1.5 

PA 

'b 

Input Bias Current 

Either Input 


±0.5 

±3.5 

pA 


Input Voltage Range 


-2.5 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -2.5Vto 3.5V 

70 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.375V to ±8V 

60 

85 


dB 

Vout 

Output Voltage Swing 

V s = ±5V, R L = 1 k, A v = 50 

±3.7 

±4.0 


V 



V s = ±8V, R L = Ik, A v = 50 

±6.6 

±7.0 





V s = ±8V, R l = 30012, A v = 50, (Note 3) 

±6.4 

±6.8 



Ge 

Gain Error 

V 0 = ±1V, A v = 10, R L = Ik 


0.2 

1.2 

% 

's 

Supply Current 



13 

17 

mA 


Shutdown Supply Current 

Pin 5 at V", (Note 11) 


0.8 

1.5 

mA 

's/d 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

pA 
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LT1187 


±5V aecTRicm charrctcristics 0°C<T a <70 o C, (Note 3) 

Vs = ±5V, Vref = OV, Rfbi = 900Q from pins 6 to 8, Rfb 2 = 100^2 from pin 8 to ground, R L = Rfbi + Rfb 2 = Ik, Cl < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1187C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input, (Note 4) 


2.0 

12 

mV 

A Vos /AT 

Input Vqs Drift 


9.0 

^V/°C 

•os 

Input Offset Current 

Either Input 


0.2 

1.5 

rA 

>B 

Input Bias Current 

Either Input 


±0.5 

±3.5 

pA 


Input Voltage Range 


-2.5 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -2.5V to 3.5V 

70 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 12.375V to ±8V 

65 

85 


dB 

VOUT 

Output Voltage Swing 

V s = ±5V, R L = Ik, A v = 50 

±3.7 

±4.0 


V 



V s = 18 V, R L = Ik, A v = 50 

±6.6 

±7.0 





V s = ±8V, R l = 300£2, A v = 50, (Note 3) 

±6.4 

±6.8 



Ge 

Gain Error 

V 0 = ±1V, Ay = 10, R L = Ik 


0.2 

1.0 

% 

Is 

Supply Current 



13 

17 

mA 


Shutdown Supply Current 

Pin 5 at V", (Note 11) 


0.8 

1.5 

mA 

's/d 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

PA 

5V €l€CTRICRl CHRRRCTCRISTICS o c<t a <7o c (Notes) 





V S + =5V,V S 

“ = OV, Vref = 2.5V, Rfbi - 900£2 from pins 6 to 8, Rfb 2 = IOOjQ from pin 8 to Vref, Rl = Rfbi + Rfb 2 = Ik, Cl < lOpF, pin 5 open. 






LT1187C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input, (Note 4) 



2.0 

12.0 

mV 



SOIC Package 



2.0 

13.0 

mV 

AVqs/AT 

Input Vos Drift 


9.0 

juV/°C 

'os 

Input Offset Current 

Either Input 


0.2 

1.5 

PA 

'b 

Input Bias Current 

Either Input 


±0.5 

±3.5 

PA 


Input Voltage Range 


2.0 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

Vcm = 2.0V to 3.5V 

70 

100 


dB 

VoUT 

Output Voltage Swing 

Rl = 3000 to Ground 

Vout Hi0h 

3.5 

4.0 


V 



(Note 3) 

Vqut Low 


0.15 

0.4 


Is 

Supply Current 



12 

16 

mA 


Shutdown Supply Current 

Pin 5 at V", (Note 11) 


0.8 

1.5 

mA 

's/d 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

pA 


Note 1: A heat sink may be required to keep the junction temperature below 
absolute maximum when the output is shorted continuously. 

Note 2: Tj is calculated from the ambient temperature T A and power 
dissipation Pd according to the following formulas: 

LT1 1 87MJ8,LT1 1 87CJ8: Tj = T A + (Pd x 1 00°C/W) 

LT1 1 87CN8: Tj = T A + (P D x 1 00°C/W) 

LT1 1 87CS8: Tj = T A + (P D x 1 50°C/W) 

Note 3: When f\ = Ik is specified, the load resistor is Rfbi + Rfb 2 > but when 
Rl = 300Q is specified, then an additional 430Q is added to the output such 
that (Rfbi + Rfb2) in parallel with 4300 is R L - 3000. 

Note 4: Vos measured at the output (pin 6) is the contribution from both input 
pair, and is input referred. 

Note 5: V| N y M is the maximum voltage between and +V|m (pin 2 and 
pin 3) for which the output can respond. 


Note 6: Slew rate is measured between ±0.5V on the output, with a Vin step 
of ±0.75V, Av = 3 and R L = 1k. 

Note 7: Full power bandwidth is calculated from the slew rate measurement: 
FPBW = SR/2rcVp. 

Note 8: Settling time measurement techniques are shown in “Take the 
Guesswork Out of Settling Time Measurements,” EDN, September 19, 1985. 
Note 9: NTSC (3.58MHz). 

Note 10: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J8 and N8 suffix) and are sample tested on every lot of the SO 
packaged parts (S8 suffix). 

Note 11: See Application section for shutdown at elevated temperatures. Do 
not operate shutdown above Tj > 125°C. 
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LT 11 87 


typical pcrforirarcc chrrrctcristics 


Input Bias Current vs 
Common-Mode Voltage 


Input Bias Current vs Temperature 


Common-Mode Voltage vs 
Temperature 
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V S /d = -Vee + 0.6V 
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LT1187 


TVPICfll PCRFORIflRRCC CHRRRCTCRISTICS 



Gain Bandwidth Product and 
Unity Gain Phase Margin vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1187 « TPC13 


Open-Loop Voltage Gain vs 
Load Resistance 



100 Ik 10k 

LOAD RESISTANCE (Q) 


Gain Bandwidth Product vs 
Supply Voltage 



0 2 4 6 8 10 

♦SUPPLY VOLTAGE (V) 


LT1 187 • TPC12 


Output Impedance vs Frequency 



Common-Mode Rejection Ratio 
vs Frequency 



100k 1M 10M 100M 

FREQUENCY (Hz) 


LT1 187 • TPC15 


Power Supply Rejection Ratio vs 
Frequency 



Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 

LT1187 • TPC16 


Output Short Circuit Current vs 
Temperature 
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rs 

N 





V 

s = 

±5\ 
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-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1187 *TPC17 



V“ 0 2 4 6 8 10 

±SUPPLY VOLTAGE (V) 

LT1 187 • TPC18 
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LT.1187 


TYPICAL PCRFORIDARCC CHARRCT6RISTICS 


Output Voltage Swing vs 
Load Resistance 



10 100 1000 
LOAD RESISTANCE (Q) 

LT1187*TPC19 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1 1 87 • TPC20 


Output Voltage Step vs 
Settling Time, Av = 2 



40 50 60 70 80 90 100 

SETTLING TIME (ns) 

LT1187 •TPC21 


Harmonic Distortion vs 
Output Voltage 



Large-Signal Transient Response 



INPUT IN LIMITING, A v = 3, SR = 180V/(as 

LT1187 *TPC23 



Small-Signal Transient Response 


Small-Signal Transient Response 


A v = 2, R fb = Ik, OVERSHOOT = 25% 


A v = 2, R fb = 1 k, OVERSHOOT = 25% 
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LT1187 


nppiicnnons mFonmnnon 

The primary use of the LT1 1 87 is in converting high speed 
differential signals to a single-ended output. The LT1187 
video difference amplifier has two uncommitted high input 
impedance (+) and (-) inputs. The amplifier has another 
set of inputs which can be used for reference and feed- 
back. Additionally, this set of inputs give gain adjust and 
DC control to the difference amplifier. The voltage gain of 
the LT1 1 87 is set like a conventional operational amplifier. 
Feedback is applied to pin 8, and it is optimized for gains 
of 2 or greater. The amplifier can be operated single-ended 
by connecting either the (+) or (-) inputs to the +/REF (pin 
1 ). The voltage gain is set by the resistors: (Rfb + Rg)/Rg- 

Like the single-ended case, the differential voltage gain is 
set by the external resistors: (Rfb + Rg)/Rg- The maximum 
input differential signal for which the output will respond 
is approximately +0.38 V. 


S/D S/D 



Power Supply Bypassing 

The LT1187 is quite tolerant of power supply bypassing. 
In some applications a 0.1 pF ceramic disc capacitor 
placed 1/2 inch from the amplifier is all that is required. In 
applications requiring good settling time, it is important to 
use multiple bypass capacitors. A O.ljxF ceramic disc in 
parallel with a 4.7|xF tantalum is recommended. 

Calculating the Output Offset Voltage 

Both input stages contribute to the output offset voltage at 
pin 6. The feedback correction forces balance in the input 
stages by introducing an Input Vqs at pin 8. The complete 
expression for the output offset voltage is: 

Vout= (Vos + los( R s) + Ib( r ref)) x (Rfb+ r g)/Rg + Ib(Rfb) 

Rs represents the input source resistance, typically 75Q, 
and Rref represents the finite source impedance from the 
DC reference voltage, for Vref grounded, Rref = 0^- The 
I os is normally a small contributor and the expression 
simplifies to: 

Vout= Vos(Rfb+Rg)/Rg + Ib(Rfb) 

If Rfb is limited to Ik the last term of the equation 
contributes only 2mV, since Ib is less than 2pA. 



Figure 1. Simplified Input Stage Schematic 
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LT1187 


nppucnnons mFonmnnon 

Operating with Low Closed-Loop Gains 

The LT1 1 87 has been optimized for closed-loop gains of 
2 or greater. For a closed-loop gain of 2 the response 
peaks about 2dB. Peaking can be eliminated by placing a 
capacitor across the feedback resistor, (feedback zero). 
This peaking shows up as time domain overshoot of 
about 25%. 


Closed-Loop Voltage Gain vs Frequency 



Small-Signal Transient Response 



Small-Signal Transient Response 



A v = 2, WITH 8pF FEEDBACK CAPACITOR 


Extending the Input Range 

Figure 1 shows a simplified schematic of the LT1187. In 
normal operation the REF pin 1 is grounded or taken to a 
DC offset control voltage and differential signals are ap- 
plied between pins 2 and 3. The input responds linearly 
until all of the 345piA current flows through the 1.1k 
resistor and Q1 (or Q2) turns off. Therefore the maximum 
input swing is 380mVp or 760mVp.p. The second differen- 
tial pair, Q3andQ4, is running at slightly larger current so 
that when the first input stage limits, the second stage 
remains biased to maintain the feedback. 

Occasionally it is necessary to handle signals larger than 
760mVp.p at the input. The LT1187 input stage can be 
tricked to handle up to 1 .5Vp.p. To do this, it is necessary 
to ground pin 3 and apply the differential input signal 
between pin 1 and 2. The input signal is now applied 
across two 1 .1 k resistors in series. Since the input signal 
is applied to both input pairs, the first pair will run out of 
bias current before the second pair, causing the amplifier 
to go open-loop. The results of this technique are shown 
in the following scope photo. 


2-100 
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nppucmions mFonmnnon 


LT1187 in Unity Gain 



(A) STANDARD INPUTS, PINS 2 TO 3, V IN = 1 ,0V P . P 

(B) EXTENDED INPUTS, PINS 2 TO 2, Vin = 1 .0V P . P 

(C) EXTENDED INPUTS, PINS 1 TO 2, V m » 2.0V P . P 


Using the Shutdown Feature 

The LT1 1 87 has a unique feature that allows the amplifier 
to be shutdown for conserving power, or for multiplexing 
several amplifiers ontoacommon cable. The amplifier will 
shutdown by taking pin 5 to V“. In shutdown, the amplifier 
dissipates 1 5mW while maintaining a true high impedance 
output state of 20k in parallel with the feedback resistors. 
For MUX applications, the amplifiers may be configured 
inverting, noninverting, or differential. When the output is 
loaded with as little Ik from the amplifier’s feedback 
resistors, the amplifier shuts off in 600ns. This shutoff can 
be under the control of HC CMOS operating between OV 
and -5 V. 

The ability to maintain shutoff is shown on the curve 
Shutdown Supply Current vs Temperature in the Typical 


1MHz Sine Wave Gated Off with Shutdown Pin 



LT1187 - AI07 


Performance Characteristics section. At very high el- 
evated temperature it is important to hold the shutdown 
pin close to the negative supply to keep the supply current 
from increasing. 

Send Color Video Over Twisted-Pair 

With an LT1187 it is possible to send and receive color 
composite video signals more than 1 000 feet on a low cost 
twisted-pair. A bidirectional “video bus” consists of the 
LT1 1 95 op amp and the LT1 1 87 video difference amplifier. 
A pair of LT1 195s at TRANSMIT 1, is used to generate 
differential signals to drive the line which is back-termi- 
nated in its characteristic impedance. The LT1 187, twisted- 
pair receiver, converts signals from differential to single- 
ended. Topology of the LT1187 provides for cable com- 
pensation at the amplifier’s feedback node as shown. In 
this case, 1000 feet of twisted-pair is compensated with 
lOOOpF and 50T2 to boost the 3dB bandwidth of the 
system from 750kHz to 4MHz. This bandwidth is adequate 
to pass a 3.58MHz chroma subcarrier, and the 4.5MHz 
sound subcarrier. Attenuation in the cable can be compen- 
sated by lowering the gain set resistor Rq. At TRANSMIT 
2, another pair of LT1195s serve the dual function to 
provide cable termination via low output impedance, and 
generate differential signals forTRANSMIT2. Cable termi- 
nation is made up of a 15£2and 33i2 attenuator to reduce 
the differential input signal to the LT 1 1 87. Maximum input 
signal for the LT1 1 87 is 760mVp.p. 


1.5MHz Square Wave Input and Unequalized Response Through 
1000 Feet of Twisted-Pair 
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LT1187 


RppucflTions mFORmnTion 


1.5MHz Square Wave Input and Equalized Response 
Through 1000 Feet of Twisted-Pair 



LT1187 • AI09 


Multiburst Pattern Passed Through 
1000 Feet of Twisted-Pair 



Bidirectional Video Bus 


TRANSMIT 1 TRANSMIT 2 
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simpUFKD scHcmnnc 
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LT1189 


F€fiTUR€S 

■ Differential or Single-Ended Gain Block (Adjustable) 


■ -3dB Bandwidth, Ay = ±10 35MHz 

■ Slew Rate 220V/jxs 

■ Low Supply Current 13mA 

■ Output Current ±20mA 

■ CMRR at 10MHz 48dB 

■ LT1193 Pin Out 

■ Low Cost 

■ Single 5V Operation 

■ Drives Cables Directly 

■ Output Shutdown 


RPPUCOTIOnS 

■ Line Receivers 

■ Video Signal Processing 

■ Cable Drivers 

■ Tape and Disc Drive Systems 


Low Power 
Video Difference Amplifier 

D€SCMPTIOn 

The LT1 189 is a difference amplifier optimized for opera- 
tion on ±5 V, or a single 5 V supply, and gain >10. This 
versatile amplifier features uncommitted high input im- 
pedance (+) and (-) inputs, and can be used in differential 
or single-ended configurations. Additionally, a second set 
of inputs give gain adjustment and DC control to the 
difference amplifier. 

The LT1 1 89’s high slew rate, 220V/gs, wide bandwidth, 
35MHz, and ±20mA output current require only 1 3mA of 
supply current. The shutdown feature reduces the power 
dissipation to a mere 1 5mW, and allows multiple amplifi- 
ers to drive the same cable. 

The LT1 1 89 is a low power, gain of 1 0 stable version of the 
popular LT1 1 93, and is available in 8-pin miniDIPs and SO 
packages. For lower gain applications see the LT1187 
data sheet. 


typical application 


Cable Sense Amplifier for Loop Through Connections 
with DC Adjust 


Closed-Loop Gain vs Frequency 


V|N 




FREQUENCY (MHz) 


LT1189 *TA02 
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LT1189 


absolute mnximum ratiags 


PACKAGE/ORDER MFORAlATIOn 


Total Supply Voltage (V + to V“) 18V 

Differential Input Voltage ±6V 

Input Voltage ±Vs 

Output Short Circuit Duration (Note 1) Continuous 

Operating Temperature Range 

LT1189M -55 C to 1 50 C 

LT1189C 0°C to 70°C 

Junction Temperature (Note 2) 

Plastic Package (CN8.CS8) 150°C 

Ceramic Package (CJ8.MJ8) 175°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



TOP VIEW 


+/REF [7 

W 

T] -/FB 

-IN [T 


7] v + 

+IN [7 


T| OUT 

v- [7 


T] S/D 

J8 PACKAGE N8 PACKAGE 


8-LEAD HERMETIC DIP 8-LEAD PLASTIC DIP 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 


LT1 189 • POIOI 


TjMAX=150°C,e JA = 100°C/W (J8) 
Tjmax = 150°C, 0j A = 100°C/W (N8) 
TjMAX = 150°C,ejA = 150°C/W (S8) 


ORDER PART 
NUMBER 


LT1189CJ8 

LT1189CN8 

LT1189CS8 

LT1189MJ8 


S8 PART MARKING 


1189 


Consult factory for Industrial grade parts. 


±5V ELECTRICAL CHARACTERISTICS T A = 25°C, (Note 3) 

Vs = ±5V, V REF = 0V, R F bi = 9000 from pins 6 to 8, R FB 2 = 100n from pin 8 to ground, R L = R F bi + RFB2 = 1k > C L < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1189M/C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input, (Note 4) 

1.0 3.0 

mV 



SOIC Package 

1.0 4.0 

mV 

•os 

Input Offset Current 

Either Input 

0.2 1.0 

HA 

•b 

Input Bias Current 

Either Input 

±0.5 ±2.0 

HA 

e n 

Input Noise Voltage 

f 0 = 10kHz 

30 

nV/VHz 

■n 

Input Noise Current 

f 0 = 10kHz 

1.25 

pA/VHz 

Rin 

Input Resistance 

Differential 

30 

k a 

C|N 

Input Capacitance 

Either Input 

2.0 

PF 

V|N LIM 

Input Voltage Limit 

i (Note 5) 

±170 

mV 


Input Voltage Range 


-2.5 3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -2.5V to 3.5V 

80 105 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.375Vto±8V 

75 90 

dB 

VoUT 

Output Voltage Swing 

V s = ±5V, R L = Ik, A v = 50 

±3.8 ±4.0 

V 



V S = ±8V, R L = 1 k, A v = 50 

±6.7 ±7.0 




V s = ±8V, R l = 300Q, A v = 50, (Note 3) 

±6.4 ±6.8 


Ge 

Gain Error 

V o = ±1.0V,A v = 10 

1.0 3.5 

% 

SR 

Slew Rate 

(Note 6,10) 

150 220 

V/jis 

FPBW 

Full Power Bandwidth 

V 0 = 2Vp. P , (Note 7) 

35 

MHz 

BW 

Small Signal Bandwidth 

Ay = 10 

35 

MHz 

tr> tf 

Rise Time, Fall Time 

Ay = 50, V 0 = ±1 .5V, 20% to 80% (Note 10) 

35 50 75 

ns 

tpD 

Propagation Delay 

R l = 1 k, V 0 = ±1 25mV, 50% to 50% 

12 

ns 


Overshoot 

Vo = ±50mV 

10 

% 

ts 

Settling Time 

3 V Step, 0.1%, (Note 8) 

1 

M-S 

DiffAv 

Differential Gain 

Rl = 1 k, A v = 10, (Note 9) 

0.6 

% 

Diff Ph 

Differential Phase 

Rl = Ik, Ay = 10, (Note 9) 

0.75 

DEGp-p 

>s 

Supply Current 


13 16 

mA 


Shutdown Supply Current 

Pin 5 at V" 

0.8 1.5 

mA 
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LT1189 


±5V ELECTRICAL CHARACTERISTICS T a = 25°C, (Note 3) 

Vs = ±5V, Vref = 0 V, Rfbi = 9000 from pins 6 to 8, Rfb 2 = 100^ from pin 8 to ground, R l = Rfbi + RFB2 = 1k, Cl<10pF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1189M/C 

MIN TYP MAX 

UNITS 

Is/D 

Shutdown Pin Current 

Pin 5 at V" 

5 25 

HA 

ton 

Turn On Time 

Pin 5 from V"to Ground, Rl = Ik 

500 

ns 

toff 

Turn Off Time 

Pin 5 from Ground to V", Rl = Ik 

600 

ns 


5V ELECTRICAL CHARACTERISTICS T a = 25°C, (Note 3) 

V s + = 5V, Vs' = OV, V RE f = 2.5V, R F bi = 900£2 from pins 6 to 8, R F b 2 = 100Q from pin 8 to V RE f, Rl = Rfbi + Rfb 2 = % C L < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1189M/C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input, (Note 4) 



1.0 

3.0 

mV 



SO 1C Package 



1.0 

5.0 

mV 

•os 

Input Offset Current 

Either Input 


0.2 

1.0 

|iA 

•b 

Input Bias Current 

Either Input 


±0.5 

±2.0 

MA 


Input Voltage Range 


2.0 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = 2.0V to 3.5V 

80 

100 


dB 

VoUT 

Output Voltage Swing 

Rl = 300Q to Ground 

Vout High 

3.6 

4.0 


V 



(Note 3) 

V 0 UT Low 


0.15 

0.4 


SR 

Slew Rate 

V 0 = 1.5V to 3.5V 

175 

V/|is 

BW 

Small-Signal Bandwidth 

A v =10 

30 

MHz 

•s 

Supply Current 



12 

15 

mA 


Shutdown Supply Current 

Pin 5 at V - 


0.8 

1.5 

mA 

■s/D 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

jlxA 


±5V ELECTRICAL CHARACTERISTICS -55 0 C<T a < 125°C, (Note 3) 

V$ = ±5V, Vref = OV, Rfbi = 900Q from pins 6 to 8, Rfb 2 = 10Q£2 from pin 8 to ground, Rl = Rfbi + Rfb 2 = Ik, C L < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1189M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input, (Note 4) 


1.0 

7.5 

mV 

AVos/AT 

Input Vos Drift 


10 

|uV/°C 

•os 

Input Offset Current 

Either Input 


0.2 

1.5 

pA 

•b 

Input Bias Current 

Either Input 


±0.5 

±3.5 

(iA 


Input Voltage Range 


-2.5 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -2.5V to 3.5V 

80 

105 


dB 

psrr 

Power Supply Rejection Ratio 

V s = ±2.375V to ±8V 

65 

90 


dB 

Vout 

Output Voltage Swing 

V S = ±5V, R L = 1k,A v = 50 

±3.7 

±4.0 


V 



V S = ±8V, R L = 1 k, A v = 50 

±6.6 

±7.0 





V s = ±8V, R l = 300U Av = 50, (Note 3) 

±6.4 

±6.6 



Ge 

Gain Error 

V 0 = ±1V, A v = 10, R l = Ik 


1.0 

6.0 

% 

Is 

Supply Current 



13 

17 

mA 


Shutdown Supply Current 

Pin 5 at V- (Note 11) 


0.8 

1.5 

mA 

Is/D 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

MA 
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LT1189 


±5V ELECTRICAL CHARACTERISTICS 0°C<T a < 70°C, (Note 3) 

V s = ±5V, Vref = OV, R F bi = 90012 from pins 6 to 8, Rfb 2 = 1000 from pin 8 to ground, Rl = Rfbi + Rfb 2 = Ik, Cl < lOpF, pin 5 open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1189C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input 



1.0 

3.0 

mV 


(Note 4) 

SOIC Package 



1.0 

6.0 

mV 

AVos/AT 

Input Vos Drift 


| 5.0 

jaV/°C 

•os 

Input Offset Current 

Either Input 


0.2 

1.5 

HA 

Ib 

Input Bias Current 

Either Input 


±0.5 

±3.5 

JLtA 


Input Voltage Range 


-2.5 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -2.5V to 3.5V 

80 

105 


dB 

PSRR 

Power Supply Rejection Ratio 

Vg = ±2.375V to ±8V 

70 

90 


dB 

VoUT 

Output Voltage Swing 

V s = ±5V, R L = 1 k, A v = 50 

±3.7 

±4.0 


V 



V s = ±8V, R L = 1 k, Av = 50 

±6.6 

±7.0 





V s = ±8V, R L = 30012, A v = 50, (Note 3) 

±6.4 

±6.6 



Ge 

Gain Error 

V o = ±1V,A v = 10, R l = Ik 


1.0 

3.5 

% 

Is 

Supply Current 



13 

17 

mA 


Shutdown Supply Current 

Pin 5 at V~, (Note 11) 


0.8 

1.5 

mA 

■S/D 

Shutdown Pin Current 

Pin 5 at V~ 


5 

25 

pA 

5V ELECTRICAL CHARACTERISTICS o c<t a <7o c. ( N otes) 





Vs + = +5V, V s " = OV, Vref = 2.5V, Rfbi = 90012 from pins 6 to 8, Rfb 2 = 10012 from pin 8 to Vref, Rl = Rfbi + Rfb 2 

= Ik, Cl < lOpF, pin 5 open. 






LT1189C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage, (Note 4) 

Either Input 


1.0 

3.0 

mV 

AVos/AT 

Input Vos Drift 


5.0 

|iV/°C 

•os 

Input Offset Current 

Either Input 


0.2 

1.5 

pA 

Ib 

Input Bias Current 

Either Input 


±0.5 

±3.5 

HA 


Input Voltage Range 


2.0 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 2.0V to 3.5V 

80 

100 


dB 

VoUT 

Output Voltage Swing 

Rl = 300Q to Ground 

Vout High 

3.5 

4.0 


V 



(Note 3) 

Vqut Low 


0.15 

0.4 


Is 

Supply Current 



12 

16 

mA 


Shutdown Supply Current 

Pin 5 at V, (Note 11) 


0.8 

1.5 

mA 

Is/D 

Shutdown Pin Current 

Pin 5 at V - 


5 

25 

pA 


Note 1: A heat sink may be required to keep the junction temperature below 
absolute maximum when the output is shorted continuously. 

Note 2: Tj is calculated from the ambient temperature TAand power 
dissipation Pq according to the following formulas: 

LT1 1 89MJ8, LT1 1 89CJ8: Tj = T A + (P D x 1 00°C/W) 

LT1 1 89CN8: Tj = T A + (P D x 1 00°C/W) 

LT1 1 89CS8: Tj = T A + (P D x 1 50°C/W) 

Note 3: When Rl = Ik is specified, the load resistor is Rfbi + Rfb 2 . but when 
Rl = 30012 is specified, then an additional 43012 is added to the output such 
that (Rfbi + Rfb2) in parallel with 43012 is Rl = 30012. 

Note 4: Vos measured at the output (pin 6) is the contribution from both input 
pair, and is input referred. 

Note 5: V in lim is the maximum voltage between and +V|n (pin 2 and 
pin 3) for which the output can respond. 


Note 6: Slew rate is measured between ±1V on the output, with a Vin step of 
40.5V, A v = 10 and R L = Ik. 

Note 7: Full power bandwidth is calculated from the slew rate measurement: 
FPBW = SR/2n:Vp. 

Note 8: Settling time measurement techniques are shown in “Take the 
Guesswork Out of Settling Time Measurements,” EDN, September 19, 1985. 
Note 9: NTSC (3.58MHz). 

Note 10: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J8 and N8 suffix) and are sample tested on every lot of the SO 
packaged parts (S8 suffix). 

Note 11: See Application section for shutdown at elevated temperatures. Do 
not operate shutdown above Tj > 125°C. 
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POWER SUPPLY REJECTION RATIO (dB) GAIN BANDWIDTH PRODUCT (MHz) VOLTAGE GAIN (dB) 


LT1189 
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LT1189 


TYPICAL P€RFORmnnC€ CHflfflKT€MSTICS 


Output Voltage Swing vs 
Load Resistance 



Output Voltage Step vs 



100 140 180 220 260 300 340 

SETTLING TIME (ns) 

LT1189-TPC21 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1 1 89 • TPC20 


Harmonic Distortion vs 
Output Level 



OUTPUT VOLTAGE (V P . P ) 

LT1189-TPG22 


Large-Signal Transient Reponse 


A v = 10, R L = Ik, +SR = 223V/|iS, -SR = 232 V/ms 

LT1 1 89 • TPC23 


Small-Signal Transient Reponse 



A v = 10, Rl = Ik, t r = 9.40ns 

LT1189-TPC24 
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LT1189 


flppucfflions inFonmnnon 

The primary use of the LT1 1 89 is in converting high speed 
differential signals to a single-ended output. The LT1189 
video difference amplifier has two uncommitted high input 
impedance (+) and (-) inputs. The amplifier has another 
set of inputs which can be used for reference and feed- 
back. Additionally, this set of inputs give gain adjust, and 
DC control to the differential amplifier. The voltage gain of 
the LT1 1 89 is set like a conventional operational amplifier. 
Feedback is applied to pin 8, and it is optimized for gains 
of 10 or greater. The amplifier can be operated single- 
ended by connecting either the (+) or (-) inputs to the 
+/REF (pin 1). The voltage gain is set by the resistors: 
(Rfb + RgK r g- 

Like the single-ended case, the differential voltage gain is 
set by the external resistors: (Rfb + Rg)/Rg- The maximum 
input differential signal for which the output will respond 
is approximately ±1 70mV. 




Power Supply Bypassing 

The LT1189 is quite tolerant of power supply bypassing. 
In some applications a O.lpiF ceramic disc capacitor 
placed 1/2 inch from the amplifier is all that is required. In 
applications requiring good settling time, it is important to 
use multiple bypass capacitors. A 0.1|iF ceramic disc in 
parallel with a 4.7p.F tantalum is recommended. 

Calculating the Output Offset Voltage 

Both input stages contribute to the output offset voltage at 
pin 6. The feedback correction forces balance in the input 
stages by introducing an Input Vos at Pin 8. The complete 
expression for the output offset voltage is: 

v out=( v os + los( R s)+ I b(Rref)) x (Rfb + Rg)/ r g + Ib(Rfb) 

Rs represents the input source resistance, typically 75ft, 
and Rref represents finite source impedance from the 
DC reference voltage, for Vref grounded, Rref = Oft the 
los is normally a small contributor and the expression 
simplifies to: 

Vout = Vos( r fb + Rg)/Rg + Ib(Rfb) 

If Rfb is limited to Ik, the last term of the equation 
contributes only 2mV since Ib is less than 2piA. 
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LT 11 89 


Appucnnons mFORmnnon 


Instrumentation Amplifier Rejects High Voltage 

Instrumentation amplifiers are often used to process 
slowly varying outputs from transducers. With the LT1 1 89 
it is easy to make an instrumentation amplifier that can 
respond to rapidly varying signals. Attenuation resistors 
in front of the LT1189 allow very large common-mode 
signals to be rejected while maintaining good frequency 
response.The input common-mode and differential-mode 
signals are reduced by 100:1, while the closed-loop gain 
is set to be 100, thereby maintaining unity-gain input to 
output. The unique topology allows for frequency re- 
sponse boost by adding 150pF to pin 8 as shown. 



100k 1M 10M 100M 

FREQUENCY (Hz) 

LT1189* AI05 


3.5MHz Instrumentation Amplifier Rejects 120Vp_p 



Output of Instrumentation Amplifier with 1MHz Square Wave 
Riding on 120V P .p at the Input 



LT1189.AI04 


Operating with Low Closed-Loop Gain 

The LT1 1 89 has been optimized for closed-loop gains of 
1 0 or greater. The amplifier can be operated at much lower 
closed-loop gains with the aid of a capacitor Cfb across 
the feedback resistor, (feedback zero). This capacitor 
lowers the closed-loop 3dB bandwidth. The bandwidth 
cannot be made arbitrarily low because Cfb is a short at 
high frequency and the amplifier will appear configured 
unity-gain. As an approximate guideline, make BW x Avcl 
= 200MHz. This expression expands to: 


a vcl 

2tc(R F b)( c fb) 


= 200MHz 


or: 


C _ n VCL 

FB (200MHz)(2ji)(R fb ) 

The effect of the feedback zero on the transient and 
frequency response is shown for Av = 4. 
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Closed-Loop Voltage Gain vs Frequency 



100k 1M 10M 100M 


FREQUENCY (Hz) 

Small-Signal Transient Response 



LT1189 - AI07 


Small-Signal Transient Response 



Reducing the Closed-Loop Bandwidth 

Although it is possible to reduce the closed-loop band- 
width by using a feedback zero, instability can occur if the 
bandwidth is made too low. An alternate technique is to do 
differential filtering at the input of the amplifier. This 
technique filters the differential input signal, and the 
differential noise, but does notfilter common-mode noise. 
Common-mode noise is rejected by the LT1 1 89’s CMRR. 

10MHz Bandwidth Limited Amplifier 



Using the Shutdown Feature 

The LT1 1 89 has a unique feature that allows the amplifier 
to be shutdown for conserving power, or for multiplexing 
several amplifiers ontoa common cable. The amplifier will 
shutdown by taking pin 5 to V - . In shutdown, the amplifier 
dissipates 1 5mWwhile maintaining a true high impedance 
output state of about 20kQ in parallel with the feedback 
resistors. For MUX applications, the amplifiers may be 
configured inverting, non-inverting, or differential. When 
the output is loaded with as little as 1 kiif rom the amplifier’s 
feedback resistors, the amplifier shuts off in 600ns. This 
shutoff can be under the control of HC CMOS operating 
between OV and -5 V. 
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nppLicnnons inpoRmnnon 


IIVIHz Sine Wave Gated Off with Shutdown Pin 



SHUTDOWN 


A\/ = 1 0, Rpb = 900i2, Rq = 1 00£2 

LT1189 • AI10 


The ability to maintain shutoff is shown on the curve Shut 
down Supply Current vs Temperature in the Typical Per- 
formance Characteristics section. At very high elevated 
temperature it is important to hold the shutdown pin close 
to the negative supply to keep the supply current from 
increasing. 


typical nppiicrmon 

Differential Receiver MUX for Power Down Applications 
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LT1195 


Low Power, High Speed 
Operational Amplifier 


FCATURCS 


■ Gain-Bandwidth Product 50MHz 

■ Unity-Gain Stable 

■ Slew Rate 1 65V/|as 

■ Output Current +20mA 

■ Low Supply Current 12mA 

■ High Open-Loop Gain 7.5V/mV 

■ Low Cost 


■ Single Supply 5 V Operation 

■ Industry Standard Pinout 

■ Output Shutdown 

applicators 

■ Video Cable Drivers 

■ Video Signal Processing 

■ Fast Peak Detectors 

■ Fast Integrators 

■ Video Cable Drivers 

■ Pulse Amplifiers 


DCSCRIPTIOR 

The LTC1 1 95 is a video operational amplifier optimized for 
operation on single 5V and ±5V supply. Unlike many high 
speed amplifiers, the LT1195 features high open-loop 
gain, over75dB, and the ability to drive heavy loads toafull 
power bandwidth of 8.5 MHz at 6Vp.p. The LT1 195 has a 
unity-gain stable bandwidth of 50MHz, and a 60° phase 
margin, and consumes only 12mA of supply current, 
making it extremely easy to use. 

Because the LT1 1 95 is a true operational amplifier, it is an 
ideal choice for wideband signal conditioning, fast inte- 
grators, peak detectors, active filters, and applications 
requiring speed, accuracy, and low cost. 

The LT1 1 95 is a low power version of the popular LT 1 1 90, 
and is available in 8-pin miniDIPs and SO packages with 
standard pinouts. The normally unused pin 5 is used for a 
shutdown feature that shuts off the output and reduces 
power dissipation to a mere 15mW. 


TYPICAL APPUCATIOn 


Fast Pulse Detector 



Pulse Detector Response 
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LT1195 


M3soiuT€ maximum rrtirgs 


Total Supply Voltage (V + to V") 18V 

Differential Input Voltage ±6V 

Input Voltage ±V$ 

Output Short-Circuit Duration (Note 1) Continuous 

Operating Temperature Range 

LT1195M -55°C to125°C 

LT1195C 0 Cto 70 C 

Junction Temperature (Note 2) 

Plastic Package (CN8, CS8) 150°C 

Ceramic Package (CJ8, MJ8) 175°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmRTIOR 



TOP VIEW 


ORDER PART 

BAL [T 


J] BAL 

NUMBER 

-IN |T 
+IN [? 

v|T 


Hv + 

I] OUT 

J] S/D 

LT1195MJ8 

LT1195CJ8 

LT1195CN8 

LT1195CS8 

J8 PACKAGE N8 PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

S8 PACKAGE 

8-LEAD PLASTIC SOIC 

S8 PART MARKING 

!|1 

150°C,ej A = 100 o C/W(J8) 
150°C,ejA = 100 o C/W(N8) 

150°C, 0j A = 150°C/W (S8) 

1195 


Consult factory for Industrial grade parts. 


±5V CLCCTRICRL CHRRRCTCRISTICS t a=25 °c 


Vs = ±5V, Cl < IQpF, pin 5 open circuit, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1195M/C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

J8, N8 Package 

3.0 8.0 

mV 





S8 Package 

3.0 10.0 

mV 

>OS 

Input Offset Current 


0.2 1.0 

liA 

Ib 

Input Bias Current 

i 

±0.5 ±2.0 

pA 

e n 

Input Noise Voltage 

f 0 = 10kHz 

70 

nVAfHz 

in 

Input Noise Current 

f 0 = 10kHz 

2.0 

PAa/Hz 

Rin 

Input Resistance 

Differential Mode 


230 

kQ 



Common Mode 


20 

M Q, 

Cin 

Input Capacitance 

Ay = 1 

2.2 

PF 


Input Voltage Range 

(Note 3) 

-2.5 3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -2.5to3.5V 

60 85 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.375V to±8V 

60 85 

dB 

Avol 

Large-Signal Voltage Gain 

Ri_ = 1 k, Vout = ±3V 

2.0 7.5 

V/mV 




R L = 150a Vout = ±3V 

0.5 1.5 

V/mV 




V S = ±8V, R L = Ik, V 0U t = ±5V 

11.0 

V/ mV 

V 0UT 

Output Voltage Swing 

V s = ±5V, R L = Ik 

±3.8 ±4.0 

V 




V s = ±8V, R L = Ik 

±6.7 ±7.0 

V 

SR 

Slew Rate 

A v = — 1 , R L = 1 k, (Note 4, 9) 

110 165 

V/ps 

FPBW 

Full Power Bandwidth 

Vout = 6Vp.p, (Note 5) 

8.75 

MHz 

6BW 

Gain-Bandwidth Product 


50 

MHz 

trl. tfl 

Rise Time, Fall Time 

Ay = 50, Vout = ±1 -5V, 20% to 80%, (Note 9) 

125 170 250 

ns 

tr2- tf2 

Rise Time, Fall Time 

A v = 1 , Vqut = ±1 25mV, 1 0% to 90% 

3.4 

ns 

*PD 

Propagation Delay 

A v = 1 , Vqut = ±1 25mV, 50% to 50% 

2.5 

ns 


Overshoot 

A v = 1, V 0U T = ±1 25mV 

22 

% 

*s 

Settling Time 

3 V Step, 0.1%, (Note 6) 

220 

ns 

DiffAv 

Differential Gain 

R l = 150Q, Ay = 2, (Note 7) 

1.25 

% 

Diff Ph 

Differential Phase 

R l = 150Q, Ay = 2, (Note 7) 

0.86 

DEGp.p 
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LT1195 


±5V €l€CTRICRl CHARACTERISTICS t a = 25 °c 

Vs = +5V, Cl < lOpF, pin 5 open circuit, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1195M/C 
MIN TYP 

MAX 

UNITS 

Is 

Supply Current 


12 

16 

mA 


Shutdown Supply Current 

Pin 5 at V" 

0.8 

1.5 

mA 

Is/D 

Shutdown Pin Current 

Pin 5 at V~ 

5 

25 

MA 

tON 

Turn-On Time 

Pin 5 from V~to Ground, Rl = Ik 

160 

ns 

tQFF 

Turn-Off Time 

Pin 5 from Ground to V ", R L = 1 k 

700 

ns 


5V ELECTRICAL CHARACTERISTICS t a =25 c 

Vs + = 5V, Vs" = OV, Vcm = 2.5V, Cl < lOpF, pin 5 open circuit, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1195M/C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

J8, l\18 Package 



3.0 

9.0 

mV 



S8 Package 



3.0 

11.0 

mV 

•os 

Input Offset Current 



0.2 

1.0 

,iA 

Ib 

Input Bias Current 



±0.5 

±2.0 

MA 


Input Voltage Range 

(Note 3) 

2.0 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = 2V to 3.5V 

60 

85 


dB 

Avol 

Large-Signal Voltage Gain 

R L = 1 50£2 to Ground, V 0 = 1 V to 3V 

0.5 

3.0 


V/mV 

VoUT 

Output Voltage Swing 

Rl = 150Q to Ground 

Vout High 

3.5 

3.8 


V 




Vout Low 


0.25 

0.4 

V 

SR 

Slew Rate 

Ay = -1 , V 0UT = IV to 3V 

140 

V/JLIS 

GBW 

Gain-Bandwidth Product 


45 

MHz 

•s 

Supply Current 



11 

15 

mA 


Shutdown Supply Current 

Pin 5 at V" 


0.8 

1.5 

mA 

•s/D 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

MA 


±5V ELECTRICAL CHARACTERISTICS -55°C<T a < 125°C, (Note 10) 


V$ = ±5V, pin 5 open circuit, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1195M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



3.0 

15.0 

mV 

AVqs/AT 

Input Vos Dr >ft 


1 

mV/°c 

los 

Input Offset Current 

Either Input 


0.2 

2.0 

mA 

>B 

Input Bias Current 

Either Input 


±0.5 

±2.5 

mA 

CMRR 

Common-Mode Rejection Ratio 

V G m = -2.5V to 3.5V 

55 

85 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.375V to ±8V 

55 

80 


dB 

Avol 

Large-Signal Voltage Gain 

R L = 1k,V 0 uT = ±3V 

1.50 

5.0 


V/mV 



R l = 1 50Q, V Q ut = ±3V 

0.25 

0.8 


V/mV 

Vout 

Output Voltage Swing 

R L = 1k 

±3.7 

±3.9 

| 

V 

•s 

Supply Current 



12 

18 

mA 


Shutdown Supply Current 

Pin 5 at V", (Note 8) 


0.8 

2.5 

mA 

•s/d 

Shutdown Pin Current 

Pin 5 at V" 


5 

25 

pA 
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±5V ELECTRICAL CHARACTERISTICS o c<t a < 70 c 


V$ = ±5V, pin 5 open circuit, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1195C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

J8, N8 Package 


3.0 

10.0 

mV 



S8 Package 


3.0 

15.0 

mV 

AVos/AT 

Input Vos Drift 


| 12 

^V/°C 

•os 

Input Offset Current 



0.2 

1.7 

pA 

' B 

Input Bias Current 



±0.5 

±2.5 

pA 

CMRR 

Common-Mode Rejection Ratio 

V CM = -2.5V to 3.5V 

60 

85 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.375V to ±5V 

60 

90 


dB 

Avol 

Large-Signal Voltage Gain 

R L = 1k,VouT = ±3V 

2.0 

7.5 


V/mV 



R l = 150Q,V OU t = ±3V 

0.3 

1.5 


V/mV 

VOUT 

Output Voltage Swing 

R l = Ik 

±3.7 

±3.9 


V 

Is 

Supply Current 



12 

17 

mA 


Shutdown Supply Current 

Pin 5 at V- (Note 8) 


0.9 

2.0 

mA 

•s/D 

Shutdown Pin Current 

Pin 5 at V” 


5 

25 

pA 


5V ELECTRICAL CHARACTERISTICS o c<t a < 7 o c 


V s + = 5V, Vs" = OV, pin 5 open circuit, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1195C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

J8, N8 Package 

: 


1.0 

10.0 

mV 



S8 Package 

1 


1.0 

15.0 

mV 

AVos/AT 

Input Vqs Drift 


! 15 

pV/°C 

•os 

Input Offset Current 

Either Input 


0.2 

1.7 

pA 

•b 

Input Bias Current 

Either Input 


±0.5 

±2.5 

pA 


Input Voltage Range 

(Note 3) 

2.0 


3.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = 2V to 3.5V 

60 

85 


dB 

VOUT 

Output Voltage Swing 

Rl = 150Q to Ground 

Vout High 

3.5 

3.75 


V 




Vqut Low 


0.15 

0.4 

V 

•s 

Supply Current 



12 

16 

mA 


Shutdown Supply Current 

Pin 5 at V" (Note 8) 


0.9 

2.0 

mA 

•s/D 

Shutdown Pin Current 

Pin 5 at V- 


5 

25 

pA 


Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted continuously. 

Note 2: Tj is calculated from the ambient temperature T A and power 
dissipation P D according to the following formulas: 

LT1 1 95MJ8, LT1 1 95CJ8: Tj = T A + (Pd x 1 00°C/W) 

LT1 1 95CN8: Tj = T A + (P D x 1 00°C/W) 

LT1195CS8: Tj = T a + (P d x150°C/W) 

Note 3: Exceeding the input common-mode range may cause the output 
to invert. 

Note 4: Slew rate is measured between ±1V on the output, with a ±3V 
input step. 

Note 5: Full power bandwidth is calculated from the slew rate measure- 
ment: FPBW = SR/2 tcV p . 


Note 6: Settling time measurement techniques are shown in “Take the 
Guesswork Out of Settling Time Measurements,” EDN, September 19, 
1985. 

Note 7: NTSC (3.58MHz). For R L = Ik, Difff A v = 0.3%, Diff Ph = 0.35°. 
Note 8: See Applications Information section for shutdown at elevated 
temperatures. Do not operate the shutdown above Tj > 125°C. 

Note 9: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J8 and N8 suffix) and are sample tested on every lot of 
the SO packaged parts (S8 suffix). 

Note 10: Do not operate at Ay < 2 for T A < 0°C. 
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LT1T95 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 



TEMPERATURE (°C) 

1195 G19 


Output Voltage Step vs 
Settling Time, Ay = -1 



0 100 200 300 400 

SETTLING TIME (ns) 

1195 G20 


Output Voltage Step vs 
Settling Time, Ay = 1 



SETTLING TIME (ns) 

1195 G21 


Large-Signal Transient Response 



A v = 1 , R L = Ik 

1195 G22 


Overload Recovery 



Av = 1. Vim = IIVp.p 


1195 G24 


Large-Signal Transient Response 



a v = i , R L = ik 


1195 G23 



INPUT OFFSET VOLTAGE CAN BE ADJUSTED OVER A 
±150mV RANGE WITH A Ik to 10k POTENTIOMETER. 

1195 G25 
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Power Supply Bypassing 

The LT1195 is quite tolerant of power supply bypassing. 
In some applications a 0.1 pF ceramic disc capacitor 
placed 0.5 inches from the ampifier is all that is required. 
In applications requiring good settling time, it is important 
to use multiple bypass capacitors. A O.lpF ceramic disc in 
parallel with a 4.7pF tantalum is recommended. 

Cable Terminations 

The LT1 1 95 operational amplifier has been optimized as a 
low cost video cable driver. The ±20mA guaranteed output 
current enables the LT1195 to easily deliver 6Vp.p into 
150£2, while operating on +5V supplies. 


Double-Terminated Cable Driver 


5V 



Cable Driver Voltage Gain vs Frequency 



When driving a cable it is important to terminate the cable 
to avoid unwanted reflections. This can be done in one of 
two ways: single termination or double termination. With 
single termination, the cable must be terminated at the 


receiving end (75 Q to ground) to absorb unwanted en- 
ergy. The best performance can be obtained by double 
termination (75n in series with the output of the amplifier, 
and 75Q to ground at the other end of the cable). This 
termination is preferred because reflected energy is ab- 
sorbed at each end of the cable. When using the double 
termination technique it is importantto note thatthe signal 
is attenuated by a factor of 2, or 6dB. this can be compen- 
sated for by taking a gain of 2, or 6dB in the amplifier. 

Using the Shutdown Feature 

The LT1 1 95 has a unique feature that allows the amplifier 
to be shut down for conserving power, or for multiplexing 
several amplifiers onto a common cable. The amplifier will 
shutdown by taking pin 5 to V - . In shutdown, the amplifier 
dissipates 1 5mW while maintaining atrue high impedance 
output state of 15k in parallel with the feedback resistors. 
The amplifiers must be used in a noninverting configura- 
tion for MUX applications. In inverting configurations the 
input signal is fed to the output through the feedback 
components. The following scope photos show that with 
very high R|_, the output is truly high impedance; the 
output slowly decays toward ground. Additionally, when 
the output is loaded with as little as Ik the amplifier shuts 
off in 700ns. This shutoff can be under the control of HC 
CMOS operating between 0V and -5V. 


Output Shutdown 



1MHz SINE WAVE GATED OFF WITH SHUTDOWN PIN 
A V = 1,R L = SCOPE PROBE 

1195 AI03 
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Output Shutdown 



1MHz SINE WAVE GATED OFF WITH SHUTDOWN PIN 
A v = 1, R|_= Ik 

1195A104 

Detecting Pulses 

The front page shows a circuit for detecting very fast 
pulses. In this open-loop design, the detector diode is D1 
and a level shifting or compensating diode is D2. A load 
resistor R|_ is connected to -5 V, and an identical bias 
resistor Rb is used to bias the compensating diode. Equal 
value resistors ensure that the diode drops are equal. A 
very fast pulse will exceed the amplifier slew rate and 
cause a long overload recovery time. Some amount of 
dV/dt limiting on the input can help this overload condi- 
tion, however too much will delay the response. Also 
shown is the response to a 4Vp.p input that is 1 50ns wide. 
The maximum output slew rate in the photo is 30V/ps. This 
rate is set by the 30mA current limit driving 1 0OOpF. 

Operation on Single 5V Supply 

The LT1195 has been optimized for a single 5 V supply. 
This circuit amplifies standard composite video (IVp.p 
including sync) by 2 and drives a double-terminated 75fl 
cable. Resistors R1 and R2 bias the amplifier at 2 V, 
allowing the sync pulses to stay within the common-mode 
range of the amplifier. Large coupling capacitors are 
required to pass the low frequency sidebands of the 
composite signal. A multiburst response and vector plot 
standard color burst are shown. 


Single 5V Video Amplifier 


V||\) 



Video Multiburst at Pin 6 of Amplifier 



1195AI06 


Vector Plot of Standard Color Burst 



1195 AI07 
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Send Color Video Over Twisted-Pair 

With an LT1195 it is possible to send and receive color 
composite video signals more than 1 000 feet on a low cost 
twisted-pair. A bidirectional “video bus” consists of the 
LT1 1 95 op amp and the LT1 1 87 video difference amplifier. 
A pair of LT1 1 95s at TRANSMIT 1, is used to generate 
differential signals to drive the line which is back-termi- 
nated in its characteristic impedance. The LT1187, 
twisted-pair receiver, converts signals from differentials 
to single-ended. Topology of the LT1187 provides for 
cable compensation at the amplifier’s feedback node as 
shown. In this case, 1 000 feet of twisted-pair is compen- 
sated with 1 0OOpF and 50Q to boost the 3dB bandwidth of 
the system from 750kHz to 4MHz. This bandwidth is 
adequate to pass a 3.58MHz chrome subcarrier, and the 
4.5MHz sound subcarrier. Attenuation in the cable can be 
compensated by lowering the gain set resistor Rq. At 
TRANSMIT 2, another pair of LT1 1 95s serve the dual 
function to provide cable termination via low output im- 
pedance, and generate differential signals for TRANSMIT 
2. Cable termination is made up of 1 5Qand 33£2 attentuator 
to reduce the differential input signal to the LT1187. 
Maximum input signal for the LT1187 is 760mVp.p. 


1.5MHz Square Wave Input and Unequalized 
Response Through 1000 Feet of Twisted-Pair 



1 ,5MHz Square Wave Input and Equalized 
Response Through 1000 Feet of Twisted-Pair 



2 


Multiburst Pattern Passed Through 
1000 Feet of Twisted-Pair 



1195 A110 


Vector Plot of Standard Color Burst Through 
1000 Feet of Twisted-Pair 



1195 All 1 
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LT1201/LT1202 

Dual and Quad 
1mA, 12MHz, 50V/^s 
Op Amps 


: €nTUft€S 


DCSCRIPTIOn 


i 1mA Supply Current per Amplifier 

i 50V/gs Slew Rate 
i 12MHz Gain-Bandwidth 
i Unity-Gain Stable 

' 330ns Settling Time to 0.1%, 10V Step 
i 6V/mV DC Gain, R|_ = 2kQ 
i 2mV Maximum Input Offset Voltage 
i lOOnA Maximum Input Offset Current 
i IgA Maximum Input Bias Current 
i ±12V Minimum Output Swing into 2kC2 
i Wide Supply Range: ±2.5V to +15V 
i Drives Capacitive Loads 


The LT1 201/LT1 202 are dual and quad low power, high 
speed operational amplifiers with excellent DC perfor- 
mance. The LT1201/LT1202 feature much lower supply 
current than devices with comparable bandwidth and slew 
rate. Each amplifier is a single gain stage with outstanding 
settling characteristics. The fast settling time makes the 
circuit an ideal choice for data acquisition systems. Each 
output is capable of driving a 2kQ load to ±1 2 V with ±1 5 V 
supplies and a 500L2 load to ±3 V on ±5V supplies. The 
amplifiers are also capable of driving large capacitive 
loads which make them useful in buffer or cable driver 
applications. 


The LT 1 201 /LT 1 202 are members of a family of fast, high 
performance amplifiers that employ Linear Technology 
Corporation’s advanced bipolar complementary 
processing. 

i Active Filters 
i Video and RF Amplification 
i Cable Drivers 
Data Acquisition Systems 


ippucOTions 

i Wideband Amplifiers 
' Buffers 


rvpicni nppucfflion 

100kHz, 4th Order Butterworth Filter 



inverter Pulse Response 



1 201/02 TA02 
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LT 1 201 /LT 1202 


absolute mRximum rrtirgs 



Total Supply Voltage (V + to V") 

36V 

Specified Temperature Range (Note 5) 


Differential Input Voltage 

+6V 

LT1 201 C/LT 1 202C 

0°C to 70°C 

Input Voltage 

+Vs 

Maximum Junction Temperature 


Output Short-Circuit Duration (Note 1) .. 

Indefinite 

Plastic Package 

150°C 

Operating Temperature Range 


Storage Temperature Range 

-65°C to 1 50°C 

LT 1 201 C/LT 1 202C 

-40°C to 85°C 

Lead Temperature (Soldering, 10 sec).. 

300°C 


PRCKRG€/ORD€R mFORmnnon 



€l€CTRICRl CHARACTERISTICS V s = ±15V, Ta = 25°C, Vcm = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNIT* 

Vos 

Input Offset Voltage 

V s = ±15V (Note 2) 

0.7 

2.0 

mi 



0°C to 70°C 


3.0 

mi 



V s = ±5V (Note 2) 

1.0 

4.0 

mi 



0°C to 70°C 


4.5 

mi 


Input Vqs Drift 


ii 1 

mV/°< 

•os 

Input Offset Current 

V s = ±5V and V S = ±15V 

50 

100 

m 



0°C to 70°C 


150 

ni 

•b 

Input Bias Current 

V 8 = ±5V and V S = ±15V 

0.5 

1.0 



. 

■ 

0°C to 70°C 


1.2 


e n 

Input Noise Voltage 

f = 10kHz 

30 

nV/VH 

'n 

Input Noise Current 

f = 10kHz 

0.6 

pA/VH 
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LT1201/LT1202 


:L€CTRICHL CHRRRCT6RISTICS Vs = +15V, Ta = 25°C, Vcm = OV, unless otherwise noted. 


KMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

IN 

Input Resistance 

V C m = ±12V 

48 90 

MQ 



Differential 

500 

kQ 

N 

Input Capacitance 


2 

PF 

VIRR 

Common-Mode Rejection Ratio 

V s = ±1 5V, V CM = ±1 2V; V s = ±5V, V CM = ±2.5V 

92 100 

dB 



0°C to 70°C 

90 

dB 

3RR 

Power Supply Rejection Ratio 

V s = ±5V to±15V 

80 90 

dB 



0°C to 70°C 

80 

dB 


Input Voltage Range + 

V S = ±15V 

12.0 14 

V 



V s = ±5V 

2.5 4 

V 


Input Voltage Range" 

V S = ±15V 

-13 -12.0 

V 



V S = ±5V 

-3 -2.5 

V 

i/OL 

Large-Signal Voltage Gain 

V s = ±15V, V OU T = ±10V, R L = 5k 

4.0 8 

V/mV 



0°C to 70°C 

3.5 

V/mV 



V s = ±1 5V, V 0 ut = ±1 OV, R l = 2k 

3.0 6 

V/mV 



0°C to 70°C 

2.5 

V/mV 



V s = ±5V, V 0 ut = ±2.5V, R l = 2k 

2.5 5 

V/m V 



0°C to 70°C 

2.0 

V/mV 



V s = ±5V, V 0U t = ±2.5V, R L = Ik 

2.0 4 

V/mV 



0°C to 70°C 

1.6 

V/mV 

DUT 

Output Swing 

V s = ±15V, R l = 2k, 0°C to 70°C 

12.0 13.8 

±V 



V s = ±5V, R l = 500Q, 0°C to 70°C 

3.0 4.0 

±V 

UT 

Output Current 

V s = ±1 5V. V 0UT = ±1 2 V, 0°C to 70°C 

6 12 

mA 



V s = ±5V, Vout = ±3V, 0°C to 70°C 

6 12 

mA 

R 

Slew Rate 

Vg = ±1 5V, Avcl = -2 (Note 3) 

30 50 

V/ps 



o°cto70' , c 

27 

V/ps 



V s = ±5V, Avcl = -2 (Note 3) 

20 33 

V/ps 



0°C to 70°C 

18 

V/ps 


Full Power Bandwidth 

V s = ±15V, 10V Peak (Note 4) 

0.8 

MHz 



V s = ±5V, 3V Peak (Note 4) 

1.7 

MHz 

BW 

Gain-Bandwidth 

V s = ±15V, f = 0.1MHz 

12 

MHz 



V s = ±5V, f = 0.1MHz 

9 

MHz 

tf 

Rise Time, Fall Time 

V s = ±1 5V, Avcl = 1 , 10% to 90%, 0.1V 

18 

ns 



V s = ±5V, Avcl = 1, 10% to 90%, 0.1V 

23 

ns 


Overshoot 

V s = ±15V, Avcl = 1,0.1V 

25 

% 



V s = ±5V, Avcl = 1,0.1V 

20 

% 


Propagation Delay 

V s = ±15V, 50% V| N to 50 %V OU t 

18 

ns 



V s = ±5V, 50% V JN to 50 %V O ut 

23 

ns 


Settling Time 

V S = ±15V, 10V Step, 0.1%, Avcl = 1 

330 

ns 



V s = ±5V, 5V Step, 0.1%, Avcl = 1 

300 

ns 

0 

Output Resistance 

Avcl = 1,f = 0.1 MHz 

1.1 

Q 


Crosstalk 

V O ut = +10V, R l = 2k 

-110 -100 

dB 


Supply Current 

Each Amplifier, Vs = ±5V and V s = ±1 5V 

1 1.4 

mA 



0°C to 70°C 

1.6 

mA 


ate 1: A heat sink may be required to keep the junction temperature 
slow absolute maximum when the output is shorted indefinitely, 
ate 2: Input offset voltage is pulse tested with automated test equipment 
id is exclusive of warm-up drift. 

ate 3: Slew rate is measured in a gain of -2. For ±15V supplies measure 
itween ±10V on the output with ±6V on the input. For ±5V supplies 
easure between ±2V on the output with ±1 .75V on the input. 


Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/2 tcVp. 

Note 5: Commercial grade parts are designed to operate over the 
temperature range of -40°C to 85°C but are neither tested nor guaranteed 
beyond 0°C to 70°C. Industrial grade parts specified and tested over 
-40°C to 85°C are available on special request. Consult factory. 
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INPUT BIAS CURRENT (nA) OUTPUT VOLTAGE SWING (V P . 


LT1201/LT1202 


TVPICfll P€RFORmnnC€ CHRRRCTCRISTICS 


Input Common-Mode Range vs 
Supply Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 

LT1 201/02 G01 


Supply Current vs Supply Voltage 


EACH AM 

5 LIFIER 





125°C 



■ 






25°C 








“ -55°C~ 

- 











0.6 


0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing vs 
Supply Voltage 



SUPPLY VOLTAGE (±V) 

LT1 201/02 G03 


Output Voltage Swing vs 
Resistive Load 



) I I—L-LUILII I — I — L L L LLu — L. m mll 

100 Ik 10k 100k 

LOAD RESISTANCE (Q) 


LT1 201/02 G04 


Input Bias Current vs Input 
Common-Mode Voltage 



LT1201/02 G05 


Open-Loop Gain vs 
Resistive Load 



100 Ik 10k 100k 

LOAD RESISTANCE (Q) 

LT 1201/02 G06 


Input Bias Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1 201/02 G07 


Output Short-Circuit Current 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1 201/02 G08 


Input Noise Spectral Density 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

1201/02 G09 
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LT1201/LT1202 


TYPICAL PCRFORfllARCC CHRRACTCRISTICS 


Gain-Bandwidth and Phase Margin 

vs Supply Voltage Slew Rate vs Supply Voltage 



Total Harmonic Distortion 
vs Frequency 



1201/02 G21 


RPPUCRTIOnS IRFORmRTIOn 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum perfor- 
mance. Key layout issues include: use of a ground plane, 
minimization of stray capacitance at the input pins, short 
lead lengths, RF-quality bypass capacitors located close 
to the device (typically 0.01 nF to 0.1 |iF) and low ESR 
bypass capacitors for high drive current applications 
(typically IpF to 10pF tantalum). Sockets should be 
avoided when maximum frequency performance is re- 
quired, although low profile sockets can provide reason- 
able performance up to 50MHz. For more details see 
Design Note 50. The parallel combination of the feedback 
resistor and gain setting resistor on the inverting input 
combine with the input capacitance to form a pole which 
can cause peaking. If feedback resistors greater than 5k 
are used, a parallel capacitor of value: 

Cf>RgxC||\|/Rf 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cf should be greater than 
or equal to Cin. 


Capacitive Loading 

The LT1201/LT1202 amplifiers are stable with all capaci- 
tive loads. This is accomplished by sensing the loac 
induced output pole and adding compensation at the 
amplifier gain node. As the capacitive load increases, both 
the bandwidth and phase margin decrease so there will be 
peaking in the frequency domain and in the transiem 
response. The photo of the small-signal response witt 
lOOOpF load shows 40% peaking. The large-signal re- 
sponse with a 10,000pF load shows the output slew rate 
being limited by the short-circuit current. To reduce peak- 
ing with capacitive loads, insert a small decoupling resis- 
tor between the output and the load, and add a capacitoi 
between the output and inverting input to provide an AC 
feedback path. Coaxial cable can be driven directly, but foi 
best pulse fidelity the cable should be doubly terminatec 
with a resistor in series with the output. When driving ; 
1 50£2 load the minimum output current of 6mA limits th< 
swing to ±0.9V. 


2-132 


xniEa 









LT1201/LT1202 


wucnnons inFORmnnon 


Small-Signal Capacitive Loading 



Large-Signal Capacitive Loading 



A v = 1 

Cl_ = 1 0,000pF 1201/02 AI02 


nput Considerations 

iesistors in series with the inputs are recommended for 
ie LT1 201/LT1 202 in applications where the differential 
iput voltage exceeds +6V continuously or on a transient 
asis. An example would be in noninverting configura- 
ons with high input slew rates or when driving heavy 
apacitive loads. The use of balanced source resistance at 
ach input is recommended for applications where DC 
ccuracy must be maximized. 

ransient Response 

he LT 1 201/LT 1 202 gain-bandwidth is 1 2MHz when mea- 
ured at 1 00kHz. The actual frequency response in unity- 
ain is considerably higher than 12MHz due to peaking 


caused by a second pole beyond the unity-gain crossover. 
This is reflected in the 50° phase margin and shows up as 
overshoot in the unity-gain small-signal transient re- 
sponse. Higher noise gain configurations exhibit less 
overshoot as seen in the inverting gain of one response. 

The large-signal response in both inverting and non- 
inverting gain shows symmetrical slewing characteris- 
tics. Normally the noninverting response has a much 
faster rising edge due to the rapid change in input com- 
mon-mode voltage which affects the tail current of the 
input differential pair. Slew enhancement circuitry has 
been added to the LT1 201/LT 1 202 so that the falling edge 
slew rate is balanced. 


Small-Signal Transient Response 



A\/= 1 1201/02 AI03 


Small-Signal Transient Response 



/TLintAG 
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Large-Signal Transient Response 



Large-Signal Transient Response 



A\/= “I 1201/02 AI06 


Low Voltage Operation 

The LT1201/LT1202 are functional at room temperature 
with only 3V of total supply voltage. Under this condition, 
however, the undistorted output swing is only 0.8Vp.p . A 
more realistic condition is operation at ±2.5V supplies (or 
5 V and ground). Underthese conditions at room tempera- 
ture the typical input common-mode range is 2.2 V to 
-1.5V, and a 1MHz, 2.5Vp-p sine wave can be accurately 
reproduced. With 5 V total supply voltage the gain-band- 
width is reduced to 7MHz and the slew rate is reduced to 
20V/ps. 


DAC Current-to-Voltage Converter 

The wide bandwidth, high slew rate and fast settling time 
of the LT 1 201 /LT 1 202 make them well suited for current- 
to-voltage conversion after current output D/A converters 
A typical application with a DAC-08 type converter (full- 
scale output of 2mA) uses a 5k feedback resistor. A 1 2pF 
compensation capacitor across the feedback resistor is 
used to null the pole at the inverting input caused by the 
DAC output capacitance. The combination of the LT120T 
LT1202 and DAC settles to less than 40mV (1LSB) ir 
500ns for a OV to 1 0V step or for a 1 0V to OV step. 

Active Filters 

The LT 1 201/LT 1 202 are well suited to active filter applica- 
tions such as the circuit shown on the front page of the 
data sheet. This particular example is a 4-pole Butterwortt 
lowpass filter with a cutoff frequency of 1 00kHz. In choos- 
ing an amplifier for filter applications a good rule o 
thumb is: 

f 0 x Q < GBW/20 

For our example the first section has Q = 0.54 and thi 
second section has Q = 1 .31 , so the amplifier easily meet: 
the gain-bandwidth requirement of 2.6MHzforfo= 1 00kHz 
This multiple feedback configuration and the Sallen-Ke\ 
configuration (as shown in the Typical Applications sec 
tion) are the most commonly used topologies. The mul 
tiple feedback configuration has an advantage over thi 
noninverting Sallen-Key configuration in many cases be 
cause the amplifier does not see a frequency varyini 
common-mode voltage and high frequency output imped 
ance is not critical. The result is better frequency perfor 
mance beyond fo (for our particular example the stopbani 
performance is dramatically better above 1MHz). Advan 
tages of the Sallen-Key topology over the multiple feed 
back topology include: better gain accuracy, better D( 
accuracy, and unity-gain filters can be implemented mori 
easily. 
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DAC Current-to-Voltage Converter 



Instrumentation Amplifier 


R5 R4 

432Q 20k 



v 0UT 


TRIM R5 FOR GAIN 

TRIM R1 FOR COMMON-MODE REJECTION 
BW = 120kHz 


1201/02 TA05 


100kHz 4th Order Butterworth Filter 
(Sallen-Key) 



Full-Wave Rectifier 


1N4148 
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F€RTUR€S 

■ 250mA Minimum Output Drive Current 

■ 60 MHz Bandwidth, Av = 2, Rl = 100a 

■ 900V/|os Slew Rate, Ay = 2, R L = 50D 

■ 0.02% Differential Gain, Ay = 2, Rl = 300 

■ 0.17° Differential Phase, Ay = 2, Rl = 300 

■ High Input Impedance, 10MO 

■ Wide Supply Range, +5V to ±1 5V 

■ Shutdown Mode: Is < 200pA 

■ Adjustable Supply Current 

■ Stable with Cl = 10,000pF 

rppucrtiors 

■ Video Amplifiers 

■ Cable Drivers 

■ RGB Amplifiers 

■ Test Equipment Amplifiers 

■ Buffers 


250mA/60MHz Current 
Feedback Amplifier 

DCSCRIPTIOR 

The LT1206 is a current feedback amplifier with high 
output current drive capability and excellent video char- 
acteristics. The LT1206 is stable with large capacitive 
loads, and can easily supply the large currents required 
by the capacitive loading. A shutdown feature switches 
the device into a high impedance, low current mode, 
reducing dissipation when the device is not in use. For 
lower bandwidth applications, the supply current can be 
reduced with a single external resistor. The low differen- 
tial gain and phase, wide bandwidth, and the 250mA 
minimum output current drive make the LT1206 well 
suited to drive multiple cables in video systems. 

The LT1206 is manufactured on Linear Technology’s 
proprietary complementary bipolar process. 


TVPICfll RPPUCRTIORS 


Noninverting Amplifier with Shutdown 


Large-Signal Response, Cl = 10,000pF 



r l =°° 

R f = Rg = 3k 
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Supply Voltage ±1 8V 

Input Current ±15mA 

Output Short-Circuit Duration (Note 1 ) Continuous 

Specified Temperature Range (Note 2) 0°C to 70°C 


Operating Temperature Range 

LT1206C -40°C to 85°C 

Junction Temperature 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORRIRTIOR 



Consult factory for Industrial and Military grade parts. 


€L€CTRICRL CHRRRCTCRISTICS Vcm = 0, ±5V < Vs < ±15V, pulse tested, Vs/d = 0V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS | 

MIN TYP MAX | 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C 


1+ 

GO 

!± 

o 

mV 



! 

• 

±15 

mV 


Input Offset Voltage Drift 


• 

10 

MV/°C 

l|N + 

Noninverting Input Current 

T a = 25°C 


±2 ±5 

pA 




• 

±20 


lii\f 

Inverting Input Current 

T a = 25°C 


±10 ±60 

MA 




• 

±100 

ma 

e n 

Input Noise Voltage Density 

f= 10kHz, R F = Ik, R g = 10Q, R s = 0Q 


3.6 

nVA/Hz 

+ 'n 

Input Noise Current Density 

f= 10kHz, R F = 1 k, R g = 1 0f2, R s = 10k 


2 

pA/VHz 

“in 

Input Noise Current Density 

f = 10kHz, R F = Ik, R g = 10 Q, R s = 10k 


30 

pA/VHz 

Rin 

Input Resistance 

V,n = ±12V, V S = ±15V 

• 

1.5 10 

MQ 



V| N = ±2V, V s = ±5V 

• 

0.5 5 

MQ 

C|N 

Input Capacitance 

V S = ±15V 


2 

PF 


Input Voltage Range 

V s = ± 15V 

• 

±12 ±13.5 

V 



V s = ±5V 

• 

±2 ±3.5 

V 
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ELECTRICAL CHARACTERISTICS Vcm = 0, ±5V < Vs < ±15V, pulse tested, Vs/d = 0V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CMRR 

Common-Mode Rejection Ratio 

V s = ±15V, V C m = ±12V 


55 

62 


dB 



Vs = ±5V,V cm = ±2V 

• 

50 

60 


dB 


Inverting Input Current 

V s = +15V, V C m = ±12V 



0.1 

10 

mA/v 


Common-Mode Rejection 

V s = ±5V, Vcm = ±2V 

• 


0.1 

10 

mA/v 

PSRR 

Power Supply Rejection Ratio 

V S = ±5V to ±1 5V 


60 

77 


dB 


Noninverting Input Current 

Power Supply Rejection 

V s = ±5V to ±1 5V 



30 

500 

nA/V 


Inverting Input Current 

Power Supply Rejection 

V S = ±5V to ±1 5V 

• 


0.7 

5 

pA/V 


Large-Signal Voltage Gain 

V s = ±1 5V, Vqut = ±1 OV, R l = 500 

• 

55 

71 


dB 



V s = ±5V, V 0 ut = ±2V, R l = 250 

• 

55 

68 


dB 

Rol 

Transresistance, AVout/AI||\T 

V s = ±15V,V OU t = ±10V, R l = 500 

• 

100 

260 


kft 



V s = ±5V, V 0U t = ±2V, R l = 250 

# 

75 

200 


kft 

^OUT 

Maximum Output Voltage Swing 

V S = ±15V, R l = 500, T a = 25°C 


±11.5 

±12.5 


V 





±10.0 



V 



V s = ±5V, R l = 250, T a = 25°C 


±2.5 

±3.0 


V 




±2.0 



V 

'out 

Maximum Output Current 

r l = io 


250 

500 

1200 

mA 

Is 

Supply Current 

V s = ±1 5V, Vs/d = OV, T a = 25°C 



20 

30 

mA 







35 

mA 


Supply Current, Rs/d = 51k (Note 3) 

V s = ±15V, T a = 25°C 



12 

17 

mA 


Positive Supply Current, Shutdown 

V s = ±15V, V s/D = 15V 


200 

MA 


Output Leakage Current, Shutdown 

V s = ±15V, V S /o = 15V 

m 1 

1 

10 

pA 

3R 

Slew Rate (Note 4) 

A v = 2, T A = 25°C 


400 

900 


Wins 


Differential Gain (Note 5) 

Vs = ±1 5V, Rp = 5600, Rq = 5600, Rl = 300 


0.02 

% 


Differential Phase (Note 5) 

V s = ±1 5V, R F = 5600, R g = 5600, R L = 300 


0.17 

DEG 

3W 

Small-Signal Bandwidth 

Vs = ±15V, Peaking <0.5dB 

Rp = R g = 6200, R L = 100ft 


60 

MHz 



V S = ±15V, Peaking <0.5dB 

Rp = R G = 6490, R L = 500 


52 

MHz 



V s = ±15V, Peaking <0.5dB 

R f = R g = 6980, R L = 300 


43 

MHz 



V s = ±15V, Peaking <0.5dB 

Rp = Rq = 8250, R L = 10O 


27 

MHz 


The • denotes specifications which apply for 0°C < Ta < 70°C. 

Mote 1: Applies to short circuits to ground only. A short circuit between 
She output and either supply may permanently damage the part when 
Dperated on supplies greater than ±1 0V. 

Mote 2: Commercial grade parts are designed to operate over the 
;emperature range of -40°C to 85°C but are neither tested nor guaranteed 


beyond 0°C to 70°C. Industrial grade parts tested over -40°C to 85°C are 
available on special request. Consult factory. 

Note 3: Rs/d is connected between the shutdown pin and ground. 

Note 4: Slew rate is measured at ±5V on a ±10V output signal while 
operating on ±1 5V supplies with Rp = 1 .5k, R G = 1 .5k and R|_ = 400ft. 
Note 5: NTSC composite video with an output level of 2 V. 
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(s = 20mA Typical, Peaking < 0.1 dB 






— 3dB BW 

-O.ldB BW 

Ay 

Rl 

Rf 

Rg 

(MHz) 

(MHz) 


Vs = ±5 V, Rsd = On 


-1 

150 

30 

10 

562 

649 

732 

562 

649 

732 

48 

34 

22 

21.4 

17 

12.5 

1 

150 

619 

- 

54 

22.3 


30 

715 

- 

36 

17.5 


10 

806 

- 

22.4 

11.5 

2 

150 

576 

576 

48 

20.7 


30 

649 

649 

35 

18.1 


10 

750 

750 

22.4 

11.7 

10 

150 

442 

48.7 

40 

19.2 


30 

511 

56.2 

31 

16.5 


10 

649 

71.5 

20 

10.2 


Is = 10mA Typical, Peaking < O.ldB 






-3dB BW 

-O.ldB BW 

Av 

Rl 

Rf 

Rg 

(MHz) 

(MHz) 


V s = ±5V, R S p = 10.2k 


-1 

150 

30 

10 

576 

681 

750 

576 

681 

750 

35 

25 

16.4 

17 

12.5 

8.7 

1 

150 

665 

- 

37 

17.5 


30 

768 

- 

25 

12.6 


10 

845 

- 

16.5 

8.2 

2 

150 

590 

590 

35 

16.8 


30 

681 

681 

25 

13.4 


10 

768 

768 

16.2 

8.1 

10 

150 

301 

33.2 

31 

15.6 


30 

392 

43.2 

23 

11.9 


10 

499 

54.9 

15 

7.8 


Is = 5mA Typical, Peaking < O.ldB 






-3dB BW 

-O.ldB BW 

Ay 

Rl 

Rf 

Rg 

(MHz) 

(MHz) 


V S = ±5V, Rsd = 22.1k 


■ 












■ 






■ 




B 




mm 


■ 




Bifl 

■ 

■ "V: 




■29 

■ 

m 






■ 






■ 






/ 







-3dB BW 

-O.ldB BW 

Ay 

Rl 

Rf 

Rg 

(MHz) 

(MHz) 


V S = ±15V, R S p = on 


-1 

150 

30 

10 

681 

768 

887 

681 

768 

887 

50 

35 

24 

19.2 

17 

12.3 

1 

150 

768 

- 

66 

22.4 


30 

909 

- 

37 

17.5 


10 

Ik 

- 

23 

12 

2 

150 

665 

665 

55 

23 


30 

787 

787 

36 

18.5 


10 

931 

931 

22.5 

11.8 

10 

150 

487 

536 

44 

20.7 


30 

590 

64.9 

33 

17.5 


10 j 

768 

84.5 

20.7 

10.8 






-3dB BW 

-O.ldB BW 

Ay 

Rl 

Rf 

Rg 

(MHz) 

(MHz) 


V s « ±15V, R S p = 60.4k 


-1 

150 

30 

10 

634 

768 

866 

634 

768 

866 

41 

26.5 

17 

19.1 

14 

9.4 

1 

150 

768 

- 

44 

18.8 


30 

909 

- 

28 

14.4 


10 

Ik 

- 

16.8 

8.3 

2 

150 

649 

649 

40 

18.5 


30 

787 

787 

27 

14.1 


10 

931 

931 

16.5 

8.1 

10 

150 

301 

33.2 

33 

15.6 


30 

402 

44.2 

25 

13.3 


10 

590 

64.9 

15.3 

7.4 






-3dB BW 

-O.ldB BW 

Ay 

Rl 

Rf 

Rg 

(MHz) 

(MHz) 


V s = ±15V, R S p = 121k 
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Bandwidth vs Supply Voltage 



o i i i i i i i J 

4 6 8 10 12 14 16 18 



4 6 8 10 12 14 16 18 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


LT1206-TPC01 


Bandwidth and Feedback Resistance 
vs Capacitive Load for 0.5dB Peak 



1 10 100 1000 10000 


CAPACITIVE LOAD (pF) 

LT 1 206 • TPC03 


Bandwidth vs Supply Voltage 



Bandwidth vs Supply Voltage 


_ — 

— 

-PEAf 
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— 
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4 6 8 10 12 14 16 18 


SUPPLY VOLTAGE (±V) 


LT1206 • TPC05 


Bandwidth and Feedback Resistance 
vs Capacitive Load for 5dB Peak 



1 10 100 Ik 10k 

CAPACITIVE LOAD (pF) 


LT1206*TPC06 


Differential Phase 
vs Supply Voltage 


Differential Gain 
vs Supply Voltage 


0.50 

0.40 

0.30 

0.20 

0.10 

0 



LT1206-TPC07 


LT1206-TPC08 


Spot Noise Voltage and Current 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


uvm 
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Supply Current vs Supply Voltage 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


Supply Current vs 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current vs 

Ambient Temperature, V$ = ±1 5V 



LT1206 • TPC10 


LT1206 * TPC1 1 


LT1 206*TPC12 


Supply Current 
vs Shutdown Pin Current 



Input Common-Mode Limit 
vs Junction Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT 1 206 • TPC1 1 


LT12Q6 ♦ TPC14 


Output Short-Circuit Current 
vs Junction Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1206-TPC15 


Output Saturation Voltage 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1206 • TPC16 


Power Supply Rejection Ratio 


Supply Current vs Large Signal 
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fippiicnnons mFonmnnon 

The LT1206 is a current feedback amplifier with high 
output current drive capability. The device is stable with 
large capacitive loads and can easily supply the high 
currents required by capacitive loads. The amplifier will 
drive low impedance loads such as cables with excellent 
linearity at high frequencies. 

Feedback Resistor Selection 

The optimum value for the feedback resistors is a function 
of the operating conditions of the device, the load imped- 
ance and the desired flatness of response. The Typical AC 
Performance tables give the values which result in the 
highest 0.1 dB and 0.5dB bandwidths for various resistive 
loads and operating conditions. If this level of flatness is 
not required, a higher bandwidth can be obtained by use 
of a lower feedback resistor. The characteristic curves of 
Bandwidth vs Supply Voltage indicate feedback resistors 
for peaking up to 5dB. These curves use a solid line when 
the response has less than 0.5dB of peaking and a dashed 


line when the response has 0.5dB to 5dB of peaking. The 
curves stop where the response has more than 5dB of 
peaking. 

For resistive loads, the COMP pin should be left open (see 
section on capacitive loads). 

Capacitive Loads 

The LT1206 includes an optional compensation network 
for driving capacitive loads. This network eliminates most 
of the output stage peaking associated with capacitive 
loads, allowing the frequency response to be flattened. 
Figure 1 shows the effect of the network on a 200pF load. 
Without the optional compensation, there is a 5dB peak at 
40MHz caused by the effect of the capacitance on the 
output stage. Adding a 0.01 juF bypass capacitor between 
the output and the COMP pins connects the compensation 
and completely eliminates the peaking. A lower value 
feedback resistor can now be used, resulting in a response 
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1 10 100 
FREQUENCY (MHz) 


Figure 1. 

which is flat to 0.35dB to 30MHz. The network has the 
greatest effect for Cl in the range of OpF to lOOOpF. The 
graph of Maximum Capacitive Load vs Feedback Resistor 
can be used to select the appropriate value of feedback 
resistor. The values shown are for 0.5dB and 5dB peaking 
at a gain of 2 with no resistive load. This is a worst case 
condition, as the amplifier is more stable at higher gains 
and with some resistive load in parallel with the capaci- 
tance. Also shown is the — 3dB bandwidth with the sug- 
gested feedback resistor vs the load capacitance. 

Although the optional compensation works well with 
capacitive loads, it simply reduces the bandwidth when it 
is connected with resistive loads. For instance, with a 30Q 
load, the bandwidth drops from 55MHz to 35MHz when 
the compensation is connected. Hence, the compensation 
was made optional. T o disconnect the optional compensa- 
tion, leave the COMP pin open. 

Shutdown/Current Set 

If the shutdown feature is not used, the SHUTDOWN pin 
must be connected to ground or V~. 

The shutdown pin can be used to either turn off the biasing 
for the amplifier, reducing the quiescent current to less 
than 200pA, or to control the quiescent current in normal 
operation. 

The total bias current in the LT1206 is controlled by the 
current flowing out of the shutdown pin. When the shut- 
down pin is open or driven to the positive supply, the part 
is shut down. In the shutdown mode, the output looks like 


a 40pF capacitor and the supply current is typically 1 0OpA. 
The shutdown pin is referenced to the positive supply 
through an internal bias circuit (see the simplified sche- 
matic). An easy way to force shutdown is to use open drain 
(collector) logic. The circuit shown in Figure 2 uses a 
74C904 buffer to interface between 5V logic and the 
LT1206. The switching time between the active and shut- 
down states is less than Ips. A 24k pull-up resistor 
speeds up the turn-off time and insures that the LT1206 
is completely turned off. Because the pin is referenced to 
the positive supply, the logic used should have a break- 
down voltage of greater than the positive supply voltage. 
No other circuitry is necessary as the internal circuit 
limits the shutdown pin current to about 500pA. Figure 3 
shows the resulting waveforms. 


15V 



Figure 2. Shutdown Interface 



R F = 825£2 V, N = 1Vp.p 
R l = 5012 

Figure 3. Shutdown Operation 
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For applications where the full bandwidth of the amplifier 
is not required, the quiescent current of the device may be 
reduced by connecting a resistor from the shutdown pin to 
ground. The quiescent current will be approximately 40 
times the current in the shutdown pin. The voltage across 
the resistor in this condition is V + - 3Vbe- For example, a 
60k resistor will set the quiescent supply current to 1 0mA 
with V S = ±15V. 

The photos (Figures 4a and 4b) show the effect of reducing 
the quiescent supply current on the large-signal response. 
The quiescent current can be reduced to 5mA in the 
inverting configuration without much change in response. 
In noninverting mode, however, the slew rate is reduced 
as the quiescent current is reduced. 



R f = 750Q I q = 5mA, 10mA, 20mA LT1206 - f04a 

R l = 50O V s = ±15V 

Figure 4a. Large-Signal Response vs Iq, Ay = -1 



Rp = 750Q l Q = 5mA, 10mA, 20mA LT1206 * F04t> 

R L = 50i2 V S = ±15V 

Figure 4b. Large-Signal Response vs Iq, Ay = 2 


Slew Rate 

Unlike a traditional op amp, the slew rate of a current 
feedback amplifier is not independent of the amplifier gain 
configuration. There are slew rate limitations in both the 
input stage and the output stage. In the inverting mode, 
and for higher gains in the noninverting mode, the signal 
amplitude on the input pins is small and the overall slew 
rate is that of the output stage. The input stage slew rate 
is related to the quiescent current and will be reduced as 
the supply current is reduced. The output slew rate is set 
by the value of the feedback resistors and the internal 
capacitance. Larger feedback resistors will reduce the 
slew rate as will lower supply voltages, similar to the way 
the bandwidth is reduced. The photos (Figures 5a, 5b and 
5c) show the large-signal response of the LT1206 for 
various gain configurations. The slew rate varies from 
860V/jas for a gain of 1 , to 1400V/ps for a gain of — 1 . 



R F = 825ft V s = ±1 5 V 

R l = 50ft 


Figure 5a. Large-Signal Response, Ay = 1 



R F = RG = 750ft V s = ±1 5V ltisos-fosi 

R L = 50ft 

Figure 5b. Large-Signal Response, Ay = -1 
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R f = 75011 ™" 

R l = 50-0 

Figure 5c. Large-Signal Response, Av = 2 


When the LT1206 is used to drive capacitive loads, the 
available output current can limit the overall slew rate. In 
the fastest configuration, the LT1206 is capable of a slew 
rate of over 1 V/ ns. The current required to slew a capacitor 
at this rate is 1mA per picofarad of capacitance, so 
1 0.OOOpF would require 10A! The photo (Figure 6) shows 
the large signal behavior with Cl = 1 0,000pF. The slew rate 
is about 60V/ps, determined by the current limit of 600mA. 



Vs = ±15V R l = 
Rf = RG = 3k 


Figure 6. Large-Signal Response, C L = 10,000pF 

Differential Input Signal Swing 

The differential input swing is limited to about ±6V by an 
ESD protection device connected between the inputs. In 
normal operation, the differential voltage between the 
input pins is small, so this clamp has no effect; however, 
in the shutdown mode the differential swing can be the 
same as the input swing. The clamp voltage will then set 


the maximum allowable input voltage. To allow for some 
margin, it is recommended that the input signal be less 
than ±5 V when the device is shut down. 

Capacitance on the Inverting Input 

Current feedback amplifiers require resistive feedback 
from the output to the inverting input for stable operation. 
Take care to minimize the stray capacitance between the 
output and the inverting input. Capacitance on the invert- 
ing input to ground will cause peaking in the frequency 
response (and overshoot in the transient response), but it 
does not degrade the stability of the amplifier. 

Power Supplies 

The LT 1 206 will operate from single or split supplies from 
±5 V (1 OV total) to ±1 5V (30V total). It is not necessary to 
use equal value split supplies, however the offset voltage 
and inverting input bias current will change. The offset 
voltage changes about 500jxV per volt of supply mis- 
match. The inverting bias current can change as much as 
5pA per volt of supply mismatch, though typically the 
change is less than 0.5pA per volt. 

Thermal Considerations 

The LT1206 contains a thermal shutdown feature which 
protects against excessive internal (junction) tempera- 
ture. If the junction temperature of the device exceeds the 
protection threshold, the device will begin cycling be- 
tween normal operation and an off state. The cycling is not 
harmful to the part. The thermal cycling occurs at a slow 
rate, typically 1 0ms to several seconds, which depends on 
the power dissipation and the thermal time constants of 
the package and heat sinking. Raising the ambient tem- 
perature until the device begins thermal shutdown gives a 
good indication of how much margin there is in the 
thermal design. 

For surface mount devices heat sinking is accomplished 
by using the heat spreading capabilities of the PC board 
and its copper traces. Experiments have shown that the 
heat spreading copper layer does not need to be electri- 
cally connected to the tab of the device. The PCB material 
can be very effective at transmitting heat between the pad 
area attached to the tab of the device, and a ground or 
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power plane layer either inside or on the opposite side of 
the board. Although the actual thermal resistance of the 
PCB material is high, the length/area ratio of the thermal 
resistance between the layer is small. Copper board stiff- 
eners and plated through holes can also be used to spread 
the heat generated by the device. 

Tables 1 and 2 listthermal resistance for each package. For 
the TO-220 package, thermal resistance is given for junc- 
tion-to-case only since this package is usually mounted to 
a heat sink. Measured values of thermal resistance for 
several different board sizes and copper areas are listed for 
each surface mount package. All measurements were 
taken in still air on 3/32" FR-4 board with 1 oz copper. This 
data can be used as a rough guideline in estimating 
thermal resistance. The thermal resistance for each appli- 
cation will be affected by thermal interactions with other 
components as well as board size and shape. 


Table 1. R Package, 7-Lead DD 


COPPER AREA j 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

25°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

27°C/W 

125 sq. mm 

2500 sq. mm 

2500 sq. mm 

35°C/W 


*Tab of device attached to topside copper 


Table 2. S8 Package, 8-Lead Plastic SOIC 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

60°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

62°C/W 

225 sq. mm 

2500 sq. mm 

2500 sq. mm 

65°C/W 

100 sq. mm 

2500 sq. mm 

2500 sq. mm 

69°C/W 

100 sq. mm 

1000 sq. mm 

2500 sq. mm 

73°C/W 

100 sq. mm 

225 sq. mm 

2500 sq. mm 

80°C/W 

100 sq.mm 

100 sq.mm 

2500 sq. mm 

83°C/W 


*Pins 1 and 8 attached to topside copper 


Y Package, 7-Lead TO-220 

Thermal Resistance (Junction-to-Case) = 5°C/W 

N8 Package, 8-Lead DIP 

Thermal Resistance (Junction-to-Ambient) = 100°C/W 


Calculating Junction Temperature 

The junction temperature can be calculated from the 
equation: 

Tj = (Pd x 0 ja) + Ta 
where: 

Tj = Junction Temperature 
Ta = Ambient Temperature 
Pd = Device Dissipation 

0ja = Thermal Resistance (Junction-to Ambient) 

As an example, calculate the junction temperature for the 
circuit in Figure 7 forthe N8, S8, and R packages assuming 
a 70°C ambient temperature. 

15V 



The device dissipation can be found by measuring the 
supply currents, calculating the total dissipation, and 
then subtracting the dissipation in the load and feedback 
network. 

P D = (39mA x 30V) - (12V) 2 /(2kll2k) = 1.03W 
Then: 

Tj = (1 .03W x 1 00°C/W) + 70°C = 1 73°C 
for the N8 package 

Tj = (1 .03W x 65°C/W) x + 70°C = 137°C 
for the S8 with 225 sq. mm topside heat sinking 

Tj = (1 ,03W x 35°C/W) x + 70°C = 1 06°C 
for the R package with 100 sq. mm topside 
heat sinking 

Since the Maximum Junction Temperature is 150°C, the 
I\I8 package is clearly unacceptable. Both the S8 and R 
packages are usable. 
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Precision xIO Hi Current Amplifier 


CMOS Logic to Shutdown Interface 




Distribution Amplifier 


Low Noise xIO Buffered Line Driver 




Buffer Ay = 1 



•OPTIONAL, USE WITH CAPACITIVE LOADS 
•VALUE OF R F DEPENDS ON SUPPLY 
VOLTAGE AND LOADING. SELECT 
FROM TYPICAL AC PERFORMANCE 
TABLE OR DETERMINE EMPIRICALLY 


xrujHS 
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FCOTURCS 

■ 45MHz Gain-Bandwidth 

■ 400V/ps Slew Rate 

■ Unity-Gain Stable 

■ 7V/mV DC Gain, Rl = 500£2 

■ 3mV Maximum Input Offset Voltage 

■ +12V Minimum Output Swing into 500H 

■ Wide Supply Range: ±2.5V to ±1 5 V 

■ 7mA Supply Current per Amplifier 

■ 90ns Settling Time to 0.1 %, 1 0V Step 

■ Drives All Capacitive Loads 

applicators 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Video and RF Amplification 

■ Cable Drivers 

■ Data Acquisition Systems 


LT1208/LT1209 

Dual and Quad 
45MHz, 400V/fis Op Amps 


dcscriptior 

The LT 1 208/LT 1 209 are dual and quad very high speed 
operational amplifiers with excellent DC performance. The 
LT1208/LT1209 feature reduced input offset voltage and 
higher DC gain than devices with comparable bandwidth 
and slew rate. Each amplifier is a single gain stage with 
outstanding settling characteristics. The fast settling time 
makes the circuit an ideal choice for data acquisition 
systems. Each output is capable of driving a 500Q load to 
±1 2 V with ±1 5 V supplies and a 1 50L2 load to ±3V on ±5V 
supplies. The amplifiers are also capable of driving large 
capacitive loads which make them useful in buffer or cable 
driver applications. 

The LT 1 208/LT 1 209 are members of a family of fast, high 
performance amplifiers that employ Linear Technology 
Corporation’s advanced bipolar complementary 
processing. 


TYPICAL APPLICATOR 


1MHz, 4th Order Butterworth Filter 


Inverter Pulse Response 


909C2 
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Total Supply Voltage (V + to V - ) 36 V 

Differential Input Voltage ±6V 

Input Voltage ±Vs 

Output Short-Circuit Duration (Note 1 ) Indefinite 

Operating Temperature Range 

LT 1 208C/LT 1 2090 -40°Cto 85°C 


Maximum Junction Temperature 

Plastic Package 150°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R mFORfYIRTIOR 



TOP VIEW 


ORDER PART 


TOP VIEW 

OUT A |T 

vy 

— 1 

J] v + 

NUMBER 

outa[T 

In 

-IN A [T 

1>Ji — 

7] OUT B 


-ina[Y 

"TS. i 

+IN A [T 


ID -INB 

LT1208CN8 

+ina[T 

r LT 

v~ [T 

J] +INB 


v~[T 



N8 PACKAGE 
8-LEAD PLASTIC DIP 

Tjmax = 150°C, 0j A = 100°C/W 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

Tjmax = 15O°C,0 ja = 15O o C/W 


ORDER PART 
NUMBER 


LT1208CS8 


S8 PART MARKING 


1208 


outa|T 
-ina[T 
+ina[T 
v + [T 
+inb|T 
-IN B 
outb[T 




TT] OUT D 
13] -IN D 
12] +IND 
TT] V" 

Wi +INC 

J] -INC 
ID OUT C 


N PACKAGE 
14-LEAD PLASTIC DIP 


Tjmax = 1 50°C, 0 JA = 70°C/W 


ORDER PART 
NUMBER 


LT1209CN 



ORDER PART 
NUMBER 


LT1209CS 


S PACKAGE 

16-LEAD PLASTIC SOIC 
Tjmax = 15O°C,0ja = 1OO°C/W 


Consult factory for Industrial and Military grade parts. 


€l€CTRICRl CHRRRCT€RISTICS Vs = ±15V, T a = 25°C, R l = Ik, VcM = 0V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

V s = ±5V (Note 2) 


0.5 3.0 

mV 



0°C to 70°C 

• 

4.0 

mV 



V s = ±15V (Note 2) 


1.0 5.0 

mV 



0°C to 70°C 

• 

6.0 

mV 


Input Vqs Drift 



25 

mV/°C 

■os 

Input Offset Current 

V s = ±5V and V s = ±15V 

i 

100 400 

nA 



0°C to 70°C 

• 

600 

nA 

Ib 

Input Bias Current 

V s = ±5V and V s = ±15V 

i 

4 8 

pA 



0°C to 70°C 

• 

9 

pA 

e n 

Input Noise Voltage 

f = 10kHz 


22 

nV/VHz 

■n 

Input Noise Current 

f = 10kHz 


1.1 

pA/VHz 


xtWo m 
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ELECTRICAL CHARACTERISTICS V s = ±15V, Ta = 25°C, R l = Ik, Vc m = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS i 

MIN TYP MAX 

UNITS 

Rin 

Input Resistance 

V C m = ±12V 


12 40 

MQ 



Differential 


250 

k a 

C|N 

Input Capacitance 



2 

PF 

CMRR 

Common-Mode Rejection Ratio 

V S = ±15V, V C m = ±12V;V s = ±5V, 


86 98 

dB 



V CM = ±2.5V, 0°C to 70°C 

• 

83 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±5V to ±15V 


^r 

oo 

CO 

dB 



0°C to 70°C 

• 

75 

dB 


Input Voltage Range 

V s = ±15V 


±12 ±13 

V 



V s = ±5V 


±2.5 ±3 

V 

Avol 

Large-Signal Voltage Gain 

V S = ±15V, V OU T = ±10V, R l = 500i 2 


3.3 7 

V/ mV 



0°C to 70°C 

• 

2.5 

V/mV 



V s = ±5V, V 0U T = ±2.5V, R l = 500Q 


2.5 7 

V/mV 



0°C to 70°C 

• 

2.0 

V/mV 



V s = ±5V, V 0U T = ±2.5V, R l = 1 50Q 


3 

V/mV 

VoUT 

Output Swing 

V s = ±15V, R l = 500Q, 0°C to 70°C 

• 

m 

±V 



V s = ±5V, R L = 150Q, 0°C to 70°C 

• 

3.0 3.3 

±v 

•out 

Output Current 

V s = ±15V, V 0U T = +12V, 0°C to 70°C 

• 

24 40 

mA 



V s = ±5V, V 0U t = ±3V, 0°C to 70°C 

• 

20 40 

mA 

SR 

Slew Rate 

V S = ±15V, Avcl = -2, (Note 3) 


250 400 

V/jos 



0°C to 70°C 

• 

200 

V/ps 



V S = ±5V, A V cl = -2, (Note 3) 


150 250 

V/ps 



0°C to 70°C 

• 

130 

V/ps 


Full Power Bandwidth 

10V Peak, (Note 4) 


6.4 

MHz 

GBW 

Gain-Bandwidth 

V s = ±15V, f = 1MHz 


45 

MHz 



V s = ±5V, f = 1MHz 


34 

MHz 

tr.tf 

Rise Time, Fall Time 

V s = ±1 5V, Avcl = 1,1 0% to 90%, 0.1V 


5 

ns 



V s = ±5V, Avcl = 1,1 0% to 90%, 0.1V 


7 

ns 


Overshoot 

V s = ±15V, A VC l = 1, 0.1V 


30 

% 



V s = ±5V, Avcl = 1,0.1V 


20 

% 


Propagation Delay 

V s = ±15V, 50% V, N to 50 %V O ut 

1 

5 

ns 



V s = ±5V, 50% V|n to 50 %V OU t 


7 

ns 

ts 

Settling Time 

V s = ± 1 5V, 1 0V Step, V s = ±5V, 


90 

ns 



5V Step, 0.1% 





Differential Gain 

f = 3.58MHz, R l = 150Q 


1.30 

% 



f = 3.58MHz, R l = Ik 


0.09 

% 


Differential Phase 

f = 3.58MHz, R l = 150Q 


1.8 

Deg 



f = 3.58MHz, R L = Ik 


0.1 

Deg 

Ro 

Output Resistance 

Avcl = 1 , f = 1 MHz 


2.5 

a 


Crosstalk 

Vqut = ±1 0V, R L = 500a 


-100 -94 

dB 

>s 

Supply Current 

Each Amplifier, Vs = ±5V and Vs = ±1 5V 


7 9 

mA 



0°C to 70°C 

• 

10.5 

mA 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Input offset voltage is tested with automated test equipment and is 
exclusive of warm-up drift. 


Note 3: Slew rate is measured in a gain of -2. For ±15V supplies measure 
between ±10V on the output with ±6V on the input. For ±5V supplies 
measure between ±2V on the output with ±1 .75V on the input. 

Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/2rcVp. 
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Input Common-Mode Range vs 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Supply Current vs Supply Voltage 
and Temperature 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 

1208/09 G02 


Output Voltage Swing vs 
Supply Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 

1208/09 G03 


Output Voltage Swing vs 
Resistive Load 



10 100 Ik 10k 

LOAD RESISTANCE (Q) 

1208/09 G04 


Input Bias Current vs Input 
Common-Mode Voltage 



-15 -10 -5 0 5 10 15 

INPUT COMMON-MODE VOLTAGE (V) 

1208/09 G05 


Open-Loop Gain vs 
Resistive Load 



10 100 Ik 10k 

LOAD RESISTANCE (Q) 


1208/09 G06 


Input Bias Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1 208/09 G07 


Output Short-Circuit Current 

vs Temperature Input Noise Spectral Density 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


1208/09 G08 
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OUTPUT IMPEDANCE (Q) VOLTAGE GAIN (dB) CROSSTALK (dB) 


LT 1 208/LT 1 209 
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60 

55 

£ 50 
5 

x 45 

Q 

I « 

| 35 
o 30 
25 
20 


Gain-Bandwidth and Phase Margin 
vs Supply Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Slew Rate vs Supply Voltage 



SUPPLY VOLTAGE (±V) 


Total Harmonic Distortion 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

1208/09 G21 


RPPUCATIORS MFORmATIOn 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum perfor- 
mance. Key layout issues include: use of a ground plane, 
minimization of stray capacitance at the input pins, short 
lead lengths, RF-quality bypass capacitors located close 
to the device (typically 0.01|xF to O.ljxF), and use of low 
ESR bypass capacitors for high drive current applications 
(typically IpF to lOpF tantalum). Sockets should be 
avoided when maximum frequency performance is re- 
quired, although low profile sockets can provide reason- 
able performance up to 50MHz. For more details see 
Design Note 50. The parallel combination of the feedback 
resistor and gain setting resistor on the inverting input 
combine with the input capacitance to form a pole which 
can cause peaking. If feedback resistors greater than 5k 
are used, a parallel capacitor of value 

Cp > Rg x Cin/Rf 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cp should be greater than 
or equal to C^. 


Capacitive Loading 

The LT 1 208/LT 1 209 amplifiers are stable with capacitive 
loads. This is accomplished by sensing the load induced 
output pole and adding compensation at the amplifier gain 
node. As the capacitive load increases, both the bandwidth 
and phase margin decrease so there will be peaking in the 
frequency domain and in the transient response. The 
photo of the small-signal response with lOOOpF load 
shows 50% peaking. The large-signal response with a 
1 0,000pF load shows the output slew rate being limited by 
the short-circuit current. To reduce peaking with capaci- 
tive loads, insert a small decoupling resistor between the 
output and the load, and add a capacitor between the 
output and inverting input to provide an AC feedback path. 
Coaxial cable can be driven directly, but for best pulse 
fidelity the cable should be doubly terminated with a 
resistor in series with the output. 
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Small-Signal Capacitive Loading 



Large-Signal Capacitive Loading 



A v = 1 

Cl = 10,000pF 120B/09AI02 


Input Considerations 

Resistors in series with the inputs are recommended for 
the LT 1 208/LT 1 209 in applications where the differential 
input voltage exceeds ±6V continuously or on a transient 
basis. An example would be in noninverting configura- 
tions with high input slew rates or when driving heavy 
capacitive loads. The use of balanced source resistance at 
each input is recommended for applications where DC 
accuracy must be maximized. 

Transient Response 

The LT1 208/LT 1 209 gain-bandwidth is 45MHz when mea- 
sured at 100kHz. The actual frequency response in unity- 
gain is considerably higher than 45MHz due to peaking 


caused by a second pole beyond the unity-gain crossover. 
This is reflected in the 50° phase margin and shows up as 
overshoot in the unity-gain small-signal transient re- 
sponse. Higher noise gain configurations exhibit less 
overshoot as seen in the inverting gain of one response. 

The large-signal response in both inverting and non- 
inverting gain show symmetrical slewing characteristics. 
Normally the noninverting response has a much faster 
rising edge due to the rapid change in input common- 
mode voltage which affects the tail current of the input 
differential pair. Slew enhancement circuitry has been 
added to the LT1 208/LT 1 209 so that the falling edge slew 
rate is balanced. 


Small-Signal Transient Response 



Ay= 1 1208/09 AI03 


Small-Signal Transient Response 



Av= 'I 1208/09 AI04 
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Large-Signal Transient Response 





r 

\ 
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Av = 1 1208/09 AI05 


Large-Signal Transient Response 



A v = -1 


1208/09 AI06 


Power Dissipation 

The LT 1 208/LT 1 209 combine high speed and large output 
current drive in small packages. Because of the wide 
supply voltage range, it is possible to exceed the maxi- 
mum junction temperature under certain conditions. 

Maximum junction temperature (Tj) is calculated from the 
ambient temperature (T A ) and power dissipation (P D ) as 
follows: 

LT1 208CN8: Tj = T A + (P D x 1 00°C/W) 

LT1 208CS8: Tj = T A + (P D x 1 50°C/W) 

LT1209CN: Tj = T A + (P D x 70°C/W) 

LT1209CS: Tj = T A + (P D x 100°C/W) 

Maximum power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). 

For each amplifier Pdmax is as follows: 

P DMAX = ( V+ - VlOsMAx) + 

Example: LT1208 in S8 at 70°C, Vs = ±10V, Rl = 500Q 

Pdmax = (20V)(1 0.5mA) + ^ = 260mW 
Tj = 70°C + (2 x 260mW)(150°C/W) = 148°C 


Low Voltage Operation 

The LT 1 208/LT 1 209 are functional at room temperature 
with only 3 V of total supply voltage. Under this condition, 
however, the undistorted output swing is only 0.8Vp.p . A 
more realistic condition is operation at±2.5V supplies (or 
5V and ground). Under these conditions, at room tem- 
perature, the typical input common-mode range is 1 ,9V to 
-1 .3 V (for a Vos change of 1 mV), and a 5MHz, 2Vp.p sine 
wave can be faithfully reproduced. With 5 V total supply 
voltage the gain-bandwidth is reduced to 26MHz and the 
slew rate is reduced to 135V/ps. 


DAC Current-to-Voltage Converter 

The wide bandwidth, high slew rate and fast settling time 
of the LT 1 208/LT 1 209 make them well-suited for current- 
to-voltage conversion aftercurrent output D/A converters. 
A typical application with a DAC-08 type converter (full- 
scale output of 2mA) uses a 5k feedback resistor. A 7pF 
compensation capacitor across the feedback resistor is 
used to null the pole at the inverting input caused by the 
DAC output capacitance. The combination of the LT 1 208/ 
LT1209 and DAC settles to less than 40mV (1LSB) in 
140ns for a 10V step. 
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DAC Current-to-Voltage Converter 


Cable Driving 




Instrumentation Amplifier 



TRIM R5 FOR GAIN 

TRIM R1 FOR COMMON-MODE REJECTION 
BW = 430kHz 


1208/09 TA03 



Full-Wave Rectifier 
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■ Slew Rate 

7V/ps Typ 

■ Gain-Bandwidth Product 

14MHz Typ 

■ Fast Settling to 0.01% 


2V Step to 200pV 

900ns Typ 

10V Step to ImV 

2.2psTyp 

■ Excellent DC Precision in All Packages 


Input Offset Voltage 

275nV Max 

Input Offset Voltage Drift 

6p.V/°C Max 

Input Offset Current 

30nA Max 

Input Bias Current 

125nA Max 

Open-Loop Gain 

1200V/mV Min 

■ Single Supply Operation 


Input Voltage Range Includes Ground 

Output Swings to Ground While Sinking Current 

■ Low Input Noise Voltage 

1 2nV/VHz Typ 

■ Low Input Noise Current 

0.2pA/VHz Typ 

■ Specified on 3.3V, 5V and ±15V 


■ Large Output Drive Current 

20mA Min 

■ Low Supply Current per Amplifier 

1 .8mA Max 


■ Dual in 8-Pin DIP and S08 

■ Quad in 14-Pin DIP and NARROW S016 

Note: For applications requiring higher slew rate, see the LT1 21 3/LT 1 21 4 and 
LT1215/LT1216 data sheets. 


1 4MHz, 7V/jas, Single Supply 
Dual and Quad 
Precision Op Amps 

DCSCRIPTIOfl 

The LT1 21 1 is a dual, single supply precision op amp with 
a 14MHz gain-bandwidth product and a 7V/ps slew rate. 
The LT1212 is a quad version of the same amplifier. The 
DC precision of the LT1211/LT1212 eliminates trims in 
most systems while providing high frequency perfor- 
mance not usually found in single supply amplifiers. 

The LT121 1/LT1212 will operate on any supply greater 
than 2.5V and less than 36V total. These amplifiers are 
specified on single 3.3V, single 5V and ±1 5V supplies, and 
only require 1 ,3mA of quiescent supply current per ampli- 
fier. The inputs can be driven beyond the supplies without 
damage or phase reversal of the output. The minimum 
output drive is 20mA, ideal for driving low impedance 
loads. 

APPlICATIOfIS 

■ 2.5V Full-Scale 12-Bit Systems VqsS0.45LSB 

■ 10V Full-Scale 16-Bit Systems Vos^1.8LSB 

■ Active Filters 

■ Photo Diode Amplifiers 

■ DAC Current-to-Voltage Amplifiers 

■ Battery-Powered Systems 


TYPICAL APPlICATIOn 


Input Bias Current Cancellation 


Input Current vs Input Voltage 
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Total Supply Voltage (V + to V") 36 V 

Input Current ±15mA 

Output Short-Circuit Duration (Note 1) Continuous 

Operating Temperature Range 

LT1 21 1 C/LT1 212C -40°Cto85°C 

LT1211M -55°C to 125°C 


Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 2) 

Plastic Package (N8, S8, N, S) 150°C 

Ceramic Package (J8) 175°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IRFORfVlATIOn 



8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

Tjmax = 175°C, 0 JA = 100°C/W (J) 

Tjmax = 150°C, 0ja = 100°C/W (N) 


ORDER PART 
NUMBER 


LT1211CN8 

LT1211ACN8 

LT1211MJ8 

LT1211AMJ8 


OUT A {T 
-IN A |Y 

+INA (Y 


H 


T] v + 

7] OUT B 
YJ-INB 
7] +INB 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

Tjmax = 150°C, 0 JA = 150°C/W 


ORDER PART 
NUMBER 


LT1211CS8 


S8 PART MARKING 


1211 


OUT A \T 
-IN A [T 

+INA [Y 

V + |T 
+INB [7 
-INB [7 
OUT B |T 




TT| OUT D 
13] -IND 
12] +IND 
n] V“ 

To] +INC 
Y| -INC 
Y] OUT c 


N PACKAGE 
14-LEAD PLASTIC DIP 


Tjmax = 150°C, 0ja = 70°C/W 


ORDER PART 
NUMBER 


LT1212CN 



13] V~ 

12] +IN C 
TT] -INC 
To] OUT C 


S PACKAGE 

16-LEAD PLASTIC SOIC 
Tjmax = 150°C, 0ja = 1OO°C/W 


ORDER PART 
NUMBER 


LT1212CS 


Consult factory for Industrial grade parts. 


RVAILRBIC OPTIORS 



PACKAGE 

NUMBER OF 

OP AMPS 

t a range 

MAX V os (25°C) 

MAX TC V os 

(AVos/AT) 

CERAMIC ; 

(J) i 

PLASTIC DIP 

(N) 

SURFACE MOUNT 
(S) 

Two (Dual) 

-40°C to 85°C 

150(iiV 

1.5^iV/°C 


LT1211ACN8 


275(o.V 

3jiV/°C 


LT1211CN8 


275|iV 

6(tV/°C 



LT1211CS8 

Two (Dual) 

-55°C to 125°C 

1 50jnV 

1 .5jiV/ 0 C 

LT1211AMJ8 



275(iV 

3|iV/°C 

LT1211MJ8 



Four (Quad) 

-40°C to 85°C 

275|iV 

6|uV/ 0 C 


LT1212CN 

LT1212CS 


jjMm 
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LT1211/LT1212 


5V €l€CTRICRl CHARACTERISTICS 


Vs = 5V, Vcm = 0.5V, Vqut = 0.5V, Ta = 25°C, unless otherwise noted. 





LT1211AC 

LT1211C/LT1211M 





LT1211AM 

LT1212C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


75 150 

100 275 

mV 

AVos 

Long-Term Input Offset 


0.5 

0.6 

mV/ Mo 

ATime 

Voltage Stability 





•os 

Input Offset Current 


5 20 

5 30 

nA 

Ib 

Input Bias Current 


50 100 

60 125 

nA 


Input Noise Voltage 

0.1 Hz to 10Hz 

250 

250 

nVp.p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz 

12.5 

12.5 

nV/VHz 



f 0 = 1000Hz 

12.0 

12.0 

nV/VRz 

■n 

Input Noise Current Density 

f 0 = 10Hz 

0.9 

0.9 

pA/VHz 



f 0 = 1000Hz 

0.2 

0.2 

pA/VHz 


Input Resistance (Note 3) 

Differential Mode 

10 40 

10 40 

MO 



Common Mode 

500 

500 

MQ 


Input Capacitance 

f = 1MHz 

10 

10 

PF 


Input Voltage Range 


3.5 3.8 

3.5 3.8 

V 




0 -0.3 

0 -0.3 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0V to 3.5V 

90 105 

86 102 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

90 115 

87 110 

dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R|_ = 500L2 

250 560 

250 560 

V/mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.30 4.40 

4.30 4.40 

V 


(Note 4) 

Output High, lsouRCE = 1mA 

4.20 4.30 

4.20 4.30 

V 


i 

Output High, Isource = 15mA 

3.85 4.00 

3.85 4.00 

V 


i 

Output Low, No Load 

0.003 0.006 

0.003 0.006 

V 



Output Low, (sink = IroA 

0.047 0.065 

0.047 0.065 

V 



Output Low, Isink = 15mA 

0.362 0.500 

0.362 0.500 

V 

•o 

Maximum Output Current 

(Note 9) 

±20 ±50 

±20 ±50 

mA 

SR 

Slew Rate 

Ay = -2 

4 

4 

V/ps 

GBW 

Gain-Bandwidth Product 

f = 100kHz 

13 

13 

MHz 

Is 

Supply Current per Amplifier 


0.9 1.3 1.8 

0.9 1.3 1.8 

mA 


Minimum Supply Voltage 

Single Supply 

2.2 2.5 

2.2 2.5 

V 


Full Power Bandwidth 

Ay = 1 , V 0 = 2.5Vp. P 

300 

300 

kHz 

tr> tf 

Rise Time, Fall Time 

Ay = 1 p 10% to 90%, V Q = lOOmV 

45 

45 

ns 

OS 

Overshoot 

Ay = 1, V 0 = lOOmV 

25 

25 

% 

tpD 

Propagation Delay 

Ay = 1, V 0 = 100mV 

36 

36 

ns 

ts 

Settling Time 

0.01 %, Ay = 1 , AV 0 = 2V 

900 

900 

ns 


Open-Loop Output Resistance 

l o = 0mA,f = 5MHz 

75 

75 

Q 

THD 

Total Flarmonic Distortion 

Ay = 1 , V 0 = 1 Vrms. 20Hz to 20kHz 

0.001 

0.001 

% 
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LT1211/LT1212 


5V €l€CTRICRl CHRRRCT€RISTICS 


i/s = 5V, Vcm = 0.5V, Vqut = 0.5V, 0°C < Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AC 

TYP 

MAX 

LT1211C/LT1212C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



100 

175 


150 

375 

mV 

AVqs 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

pV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

^v/°c 

•os 

Input Offset Current 



5 

25 


10 

35 

nA 

•b 

Input Bias Current 



60 

110 


70 

135 

nA 


Input Voltage Range 


3.4 

3.5 


3.4 

3.5 


V 




0.1 

-0.1 


0.1 

-0.1 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0.1V to 3.4V 

89 

105 

1 

85 

102 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

89 

114 


86 

110 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R l = 500Q 

150 

430 


150 

430 


V/mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.20 

4.33 


4.20 

4.33 


V 


(Note 4) 

Output High, Isource = 1mA 

4.10 

4.23 


4.10 

4.23 


V 



Output High, Isource = 10mA 

3.90 

4.03 


3.90 

4.03 


V 



Output Low, No Load 


0.004 

0.007 


0.004 

0.007 

V 



Output Low, l S |NK = 1 mA 


0.052 

0.070 


0.052 

0.070 

V 



Output Low, Isink = 1 0mA 


0.290 

0.400 


0.290 

0.400 

V 

•s 

Supply Current per Amplifier 


0.8 

1.4 

2.1 

0.8 

1.4 

2.1 

mA 


Vs = 5V, Vqivi = 0.5V, Vqut = 0.5V, -40°C < T A < 85°C, unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AC 

TYP 

MAX 

LT1211C/LT1212C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



120 

200 


175 

500 

mV 

AVqs 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

nV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

^v/°c 

•os 

Input Offset Current 



10 

30 


20 

50 

nA 

•b 

Input Bias Current 



70 

120 


80 

145 

nA 


Input Voltage Range 


3.1 

3.2 


3.1 

3.2 


V 




0.2 

0 


0.2 

0 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0.2V to 3.1V 

88 

104 


84 

101 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

88 

113 


85 

109 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R L = 500Q 

100 

390 


100 

390 


V/ mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.15 

4.25 


4.15 

4.25 


V 


(Note 4) 

Output High, Isource = 1mA 

4.00 

4.16 


4.00 

4.16 


V 



Output High, Isource = 1 0mA 

3.80 

3.96 


3.80 

3.96 


V 



Output Low, No Load 


0.005 

0.008 


0.005 

0.008 

V 



Output Low, Isink = 1 nr»A 


0.053 

0.075 


0.053 

0.075 

V 



Output Low, Isink = 10mA 


0.300 

0.420 


0.300 

0.420 

V 

•s 

Supply Current per Amplifier 


0.7 

1.5 

2.2 

0.7 

1.5 

2.2 

mA 
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LT1211/LT1212 


5V CLCCTRICRL CHRRRCTCRISTICS 


Vs = 5V, Vcm = 0.5V, Vqut = 0.5V, -55°C < T A < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AM 

TYP 

MAX 

MIN 

LT1211M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



140 

250 


200 

500 

mV 

AVos 

Input Offset Voltage Drift 



0.7 

1.5 


1 

3 

mV/°C 

AT 

(Note 3) 









•os 

Input Offset Current 



15 

40 


25 

75 

nA 

•b 

Input Bias Current 



75 

130 


85 

160 

nA 


Input Voltage Range 


3.1 

3.2 


3.1 

3.2 


V 

.... 



0.4 

0.2 


0.4 

0.2 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0.4V to 3.1V 

87 

104 


81 

101 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

87 

113 


84 

109 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R L = 500ft 

100 

250 


100 

250 


V/m V 


Maximum Output Voltage Swing 

Output High, No Load 

4.10 

4.20 


4.10 

4.20 


V 


(Note 4) 

Output High, Isource = 1 mA 

3.95 

4.10 


3.95 

4.10 


V 



Output High, Isource = 10mA 

3.70 

3.90 


3.70 

3.90 


V 

. 


Output Low, No Load 


0.007 

0.010 


0.007 

0.010 

mV 



Output Low, Isink = 1 mA 


0.060 

0.085 


0.060 

0.085 

mV 



Output Low, Isink = 10mA 


0.350 

0.500 


0.350 

0.500 

mV 

Is 

Supply Current per Amplifier 


0.5 

1.7 

2.5 

0.5 

1.7 

2.5 

mA 


±15V CLCCTRICRL CHflRRCTCRISTICS 


Vs = ±15V, Vcm = 0V, Vqut = OV, T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AC 

LT1211AM 

TYP MAX 

LT1 21 1 C/LT121 1 M 
LT1212C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


125 400 


150 

550 

mV 

•os 

Input Offset Current 

I 

5 20 


5 

30 

nA 

■b 

Input Bias Current 


45 95 


50 

120 

nA 


Input Voltage Range 


13.5 

13.8 

13.5 

13.8 


V 




-15.0 

-15.3 

-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V C M = -15V to 13.5V 

90 

105 

86 

102 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±18V 

90 

113 

87 

110 


dB 

Avol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R l = 2k 

1200 

5000 

1200 

5000 


V/mV 


Maximum Output Voltage Swing 

Output High, Isource = 15mA 

13.8 

14.0 

13.8 

14.0 


V 



Output Low, Isink = 15mA 

-14.4 

-14.6 

-14.4 

-14.6 


V 

'0 

Maximum Output Current 

(Note 9) 

±20 

±50 

±20 

±50 


mA 

SR 

Slew Rate 

A v = -2 (Note 6) 

5 

7 

5 

7 


V/ms 

GBW 

Gain-Bandwidth Product 

f = 100kHz 

8 

14 

8 

14 

... 1 

MHz 

Is 

Supply Current per Amplifier 


0.9 

1.8 2.5 

0.9 

1.8 

2.5 

mA 


Channel Separation 

V o = ±10V, R L = 2k 

128 

140 

128 

140 


dB 


Minimum Supply Voltage 

Equal Split Supplies 

±1.2 ±2.0 


±1.2 

±2.0 

V 


Full Power Bandwidth 

Ay = 1 , V 0 = 20Vp. P 

60 

60 

kHz 


Settling Time 

0.01%, A v = 1,AV 0 = 10V 

2.2 

2.2 

MS 
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LT1211/LT1212 


±i5v electrical characteristics 


Vs = ±15V, Vcm = OV, Vqut = OV, 0°C < Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AC 

TYP 

MAX 

LT1211C/LT1212C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



150 

425 


200 

650 

mV 

AVos 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

pV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

pV/°C 

•os 

Input Offset Current 



10 

20 


10 

35 

nA 

Ib 

Input Bias Current 



55 

100 


60 

125 

nA 


Input Voltage Range 


13.4 

13.5 


13.4 

13.5 


V 




-14.9 

-15.1 


-14.9 

-15.1 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -14.9V to 13.4V 

89 

104 


85 

101 


dB 

PSRR 

Power Supply Rejection Ratio 

Vs = ±2V to ±1 8V 

89 

112 


86 

108 


dB 

a vol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R L = 2k 

1000 

3500 


1000 

3500 


V/ mV 


Maximum Output Voltage Swing 

Output High, Isource = 10mA 

13.8 

14.0 


13.8 

14.0 


V 



Output Low, Isink = 10mA 

-14.5 

-14.7 


-14.5 

-14.7 


V 

Is 

Supply Current per Amplifier 


0.8 

2.1 

2.9 

0.8 

2.1 

2.9 

mA 


V s = ±15V, Vcm = OV, Vqut = OV, -40°C < T A < 85°C, unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AC 

TYP 

MAX 

LT1 21 1 C/LT1 21 2C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



175 

450 


250 

700 

mv 

AVos 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

mV/°c 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

pV/°C 

■os 

Input Offset Current 



10 

25 


10 

40 

nA 

Ib 

Input Bias Current 



55 

100 


60 

130 

nA 


Input Voltage Range 


13.1 

13.2 


13.1 

13.2 


V 




-14.8 

-15.0 


-14.8 

-15.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V C m = -14.8V to 13.1V 

88 

103 


84 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2V to ±18V 

88 

111 


85 

107 


dB 

Avol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R L = 2k 

1000 

3000 


1000 

3000 


V/ mV 


Maximum Output Voltage Swing 

Output High, Isource = 10mA 

13.7 

13.9 


13.7 

13.9 


V 



Output Low, Isiimk = 10mA 

-14.5 

-14.7 


-14.5 

-14.7 


V 

Is 

Supply Current per Amplifier 


0.7 

2.2 

3.0 

0.7 

2.2 

3.0 

mA 


Vs = ±15V, Vcm = OV, Vqut = OV, -55°C < T A < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AM 

TYP 

MAX 

MIN 

LT1211M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



200 

500 


300 

800 

mV 

AVos 

Input Offset Voltage Drift 



0.7 

1.5 


1 

3 

m.v/ o c 

AT 

(Note 3) 









•os 

Input Offset Current 



10 

40 


10 

60 

nA 

Ib 

Input Bias Current 



55 

110 


60 

140 

nA 


Input Voltage Range 


13.1 

13.2 


13.1 

13.2 


V 




-14.6 

-14.8 


-14.6 

-14.8 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -14.6V to 13.1V 

87 

103 


81 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±1 5V 

87 

111 


84 

107 


dB 

Avol 

Large-Signal Voltage Gain 

V Q = OV to +10V, R L = 2k 

800 

1500 


800 

1500 


V/mV 


Maximum Output Voltage Swing 

Output High, Isource = 10mA 

13.6 

13.8 


13.6 

13.8 


V 



Output Low, Isiimk = 10mA 

-14.3 

-14.5 


-14.3 

-14.5 


V 

Is 

Supply Current per Amplifier 


0.5 

2.3 

3.4 

0.5 

2.3 

3.4 

mA 


XTUSS 
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LT1211/LT1212 

3.3V €l€CTRICfll CHARACTERISTICS 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, Ta = 25°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AC 

LT1211AM 

TYP MAX 

LT1211C/LT1211M 

LT1212C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

i 

| 75 150 | 


100 

275 

mV 


Input Voltage Range (Note 8) 


1.8 

2.1 

1.8 

2.1 


V 




0 

-0.3 

0 

-0.3 


V 


Maximum Output Voltage Swing 

Output High, No Load 

2.60 

2.70 

2.60 

2.70 


V 

, 


Output High, Isource 

2.50 

2.60 

2.50 

2.60 


V 



Output High, 1 S ource = 

2.15 

2.30 

2.15 

2.30 


V 

■ 


Output Low, No Load 


0.003 0.006 


0.003 

0.006 

V 



Output Low, Isink = 1mA 


0.047 0.065 


0.047 

0.065 

V 



Output Low, Isink = 15mA 


0.362 0.500 


0.362 

0.500 

V 

lo 

Maximum Output Current 


±20 

±50 

±20 

±50 


mA 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, 0°C < T A < 70°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AC 

TYP 

MAX 

LT1211C/LT1212C 

MIN TYP MAX 

UNITS 

VqS 

Input Offset Voltage 



100 

175 


150 

375 

mV 


Input Voltage Range (Note 8) 


1.7 

1.4 


1.7 

1.8 


V 




0.1 

-0.1 


0.1 

-0.1 


V 


Maximum Output Voltage Swing 

Output High, No Load 

2.50 

2.63 


2.50 

2.63 


V 



Output High, (source = 1mA 

2.40 

2.53 


2.40 

2.53 


V 



Output High, Isource = 

2.20 

2.33 


2.20 

2.33 


V 



Output Low, No Load 


0.004 

0.007 


0.004 

0.007 

V 



Output Low, Isink = 1mA 


0.052 

0.070 


0.052 

0.070 

V 



Output Low, Isink = 10mA 


0.290 

0.400 


0.290 

0.400 

V 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, -40°C < T A < 85°C, unless otherwise noted. (Note 5, 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1211AC 

MIN TYP MAX 

LT1211C/LT1212C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


120 200 

175 500 

mV 


Input Voltage Range (Note 8) 


1.4 1.5 

1.4 1.5 

V 


( 


0.2 0 

0.2 0 

V 


Maximum Output Voltage Swing 

Output High, No Load 

2.45 2.55 

2.45 2.55 

V 



Output High, Isource = 1mA 

2.30 2.46 

2.30 2.46 

V 



Output High, Isource = 10mA 

2.10 2.26 

2.10 2.26 

V 



Output Low, No Load 

0.005 0.008 

0.005 0.008 

V 



Output Low, Isink = 1mA 

0.053 0.075 

0.053 0.075 

V 



Output Low, Isink = 10mA 

0.300 0.420 

0.300 0.420 

V 


V s = 3.3V, V C m = 0.5V, Vqut = 0.5V, -55°C < Ta < 125°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1211AM 

TYP 

MAX 

MIN 

LT1211M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



130 

250 


200 

500 

mV 


Input Voltage Range (Note 8) 


1.4 

1.5 


1.4 

1.5 


V 




0.4 

0.2 


0.4 

0.2 


V 


Maximum Output Voltage Swing 

Output High, No Load 

2.40 

2.50 


2.40 

2.50 


V 



Output High, Isource = 1 mA 

2.25 

2.40 


2.25 

2.40 


V 



Output High, Isource = 10mA 

2.00 

2.20 


2.00 

2.20 


V 



Output Low, No Load 


0.007 

0.010 


0.007 

0.010 

V 



Output Low, Isink = 1mA 


0.060 

0.085 


0.060 

0.085 

V 



Output Low, Isink = 10mA 


0.350 

0.500 


0.350 

0.500 

V 
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LT1211/LT1212 


€l€CTRICRl CHRRRCT6RISTICS 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Note 2: Tj is calculated from the ambient temperature Ta and power 
dissipation Pq according to the following formulas: 

LT1 21 1 MJ8, LT1 21 1 AMJ8: Tj = T A + (Pd x 1 00°C/W) 

LT1 21 1 m, LT1 21 1 ACI\I8: Tj = T A + (P D x 1 00°C/W) 

LT1 21 1 CS8: Tj = T A + (P D x 1 50°C/W) 

LT1212CN: Tj = T A + (P D x 70°C/W) 

LT1212CS: Tj = T A + (P D x 100°C/W) 

Note 3: This parameter is not 100% tested. 

Note 4: Guaranteed by correlation to 3.3V and ±15V tests. 


Note 5: The LT1211/LT1212 are not tested and are not quality-assurance 
sampled at-40°C and at 85°C. These specifications are guaranteed by 
design, correlation and/or inference from -55°C, 0°C, 25°C, 70°C and/or 
125°C tests. 

Note 6: Slew rate is measured between ±8.5V on an output swing of ±10V 
on ±15V supplies. 

Note 7: Most LT121 1/LT1212 electrical characteristics change very little 
with supply voltage. See the 5 V tables for characteristics not listed in the 
3.3V table. 

Note 8: Guaranteed by correlation to 5 V and +15V tests. 

Note 9: Guaranteed by correlation to 3.3V tests. 
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SLEW RATE (V/jas) VOLTAGE GAIN (dB) 


LT1211 /LT1212 


tvpicrl P€RFonmnnc€ charactcristics 


Voltage Gain vs Frequency 
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LT 1 211 /LT 1212 


typical P€RFORmnnc€ characteristics 


5V Small-Signal Response 



Vs = 5V 

A\/ = 1 1211/12 G25 


±15V Small-Signal Response 



1 0Ons/DIV 

V s = ±15V 

A\/ = 1 1211/12 G28 


5V Large-Signal Response 





500ns/DIV 

V S = 5V 

Av = 1 1211/12 G26 


±15V Large-Signal Response 



2ns/DIV 

V s = ±15V 

Av = 1 1211/12 G29 


5V Large-Signal Response 



500ns/DIV 

V s = 5V 
A v = -1 
Rp = R G = Ik 

Cp = 20pF 1211/12 G27 


±15V Large-Signal Response 



2ns/DIV 

V S = ±15V 
A v = -1 

Rp = Rq = 1 k 1211/12 G30 


5V Settling 



200ns/DIV 


V s = 5V 

Ay = 1 1211/12 G31 


±15V Settling 



500ns/D!V 


V S = ±15V 

Av = -1 1211/12 G32 


Settling Time to 0.01% 
vs Output Step 



0.5 1.0 1.5 2.0 2.5 

SETTLING TIME (jis) 

1211/12 633 
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LT1211/LT1212 


nppucmions inFonmnnon 

Supply Voltage 

The LT121 1/LT1212 op amps are fully functional and all 
internal bias circuits are in regulation with 2.2V of supply. 
The amplifiers will continue to function with as little as 
1.5V, although the input common-mode range and the 
phase margin are about gone. The minimum operating 
supply voltage is guaranteed by the PSRR tests which are 
done with the input common mode equal to 500mV and a 
minimum supply voltage of 2.5V. The LT121 1/LT1212 are 
guaranteed over the full -55°C to 125°C range with a 
minimum supply voltage of 2.5 V. 

The positive supply pin of the LT121 1/LT1212 should be 
bypassed with a small capacitor (about 0.01 pF) within an 
inch of the pin. When driving heavy loads and for good 
settling time, an additional 4.7pF capacitor should be 
used. When using split supplies, the same is true for the 
negative supply pin. 

Power Dissipation 

The LT1211/LT1212 amplifiers combine high speed and 
large output current drive into very small packages. Be- 
cause these amplifiers work overa very wide supply range, 
it is possible to exceed the maximum junction temperature 
under certain conditions. To insure that the LT1211/ 
LT1 21 2 are used properly, calculate the worst case power 
dissipation, define the maximum ambient temperature, 
select the appropriate package and then calculate the 
maximum junction temperature. 

The worst case amplifier power dissipation is the total of 
the quiescent current times the total power supply voltage 
plus the power in the 1C due to the load. The quiescent 
supply current of the LT1 21 1/LT 1 21 2 has a positive tem- 
perature coefficient. The maximum supply current of each 
amplifier at 125°C is given by the following formula: 

Ismax = 2.5 + 0.036 x (Vg - 5) in mA 
Vs is the total supply voltage. 

The power in the 1C due to the load is a function of the 
output voltage, the supply voltage and load resistance. The 
worst case occurs when the output voltage is at half 
supply, if it can go that far, or its maximum value if it 
cannot reach half supply. 


For example, calculate the worst case power dissipation 
while operating on ±1 5 V supplies and driving a 500Qload. 

Ismax = 2.5 + 0.036 x (30 - 5) = 3.4mA 
Pdmax = 2 x Vs x Ismax + (Vs - Vomax) x Vomax/Rl 
Pdmax = 2 x 1 5V x 3.4mA + (15V- 7.5 V) x 7.5V/500 
= 0.102 + 0.113 = 0.21 5W per Amp 

If this is the quad LT1212, the total power in the package 
is four times that, or 0.860W. Now calculate how much the 
die temperature will rise above the ambient. The total 
power dissipation times the thermal resistance of the 
package gives the amount of temperature rise. For this 
example, in the SO surface mount package, the thermal 
resistance is 100°C/W junction-to-ambient in still air. 

Temperature Rise = Pdmax x6ja = 0.860W x 100°C/W 
= 86°C 

The maximum junction temperature allowed in the plastic 
package is 150°C. Therefore the maximum ambient al- 
lowed is the maximum junction temperature less the 
temperature rise. 

Maximum Ambient = 150°C - 86°C = 64°C 

That means the SO quad can only be operated at or below 
64°C on ±15V supplies with a 500Q load. 

As a guideline to help in the selection of the LT1211/ 
LT1212, the following table describes the maximum sup- 
ply voltage that can be used with each part based on the 
following assumptions: 

1 . The maximum ambient is 70°C or 1 25°C depending 
on the part rating. 

2. The load is 500Q, includes the feedback resistors. 

3. The output can be anywhere between the supplies. 


PART 

MAX SUPPLIES 

MAX POWER AT MAX T a 

LT1211MJ8 

19.5V or ±1 6.4V 

500mW 

LT1211CN8 

25.2V or ±1 8.0V 

800mW 

LT1211CS8 

20.3V or ±17.1 V 

533mW 

LT1212CN 

21.0V or ±1 7.8V 

1143mW 

LT1212CS 

17.3V or ±1 4.4V 

800mW 
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nppucmions mFORmnnon 

nputs 

Typically, at room temperature, the inputs of the LT1 21 1/ 
.T1212 can common mode 400mV below ground (V~) 
ind to within 1 .2 V of the positive supply with the amplifier 
>till functional. However the input bias current and offset 
roltage will shift as shown in the characteristic curves. For 
till precision performance, the common-mode range 
should be limited between ground (V~) and 1 .5 V below the 
lositive supply. 

When either of the inputs is taken below ground (V - ) by 
nore than about 700mV, that input bias current will 
ncrease dramatically. The current is limited by internal 
1 00Q resistors between the input pins and diodes to each 
supply. The output will remain low (no phase reversal) for 
nputs 1 .3 V below ground (V - ). If the output does not have 
o sink current, such as in a single supply system with a 1 k 
oad to ground, there is no phase reversal for inputs up to 
i V below ground. 

There are no clamps across the inputs of the LT1211/ 
.T1212 and therefore each input can be forced to any 
roltage between the supplies. The input current will re- 
nain constant at about 60nA over most of this range. 
When an input gets closerthan 1 .5 V to the positive supply, 
hat input current will gradually decrease to zero until the 
nput goes above the supply, then it will increase due to the 
ireviously mentioned diodes. If the inverting input is held 
nore positive than the noninverting input by 200mV or 
nore, while at the same time the noninverting input is 
vithin 300mV of ground (V - ), then the supply current will 
ncrease by 1mA and the noninverting input current will 
ncrease to about lOpA. This should be kept in mind in 
:omparator applications where the inverting input stays 
ibove ground (V - ) and the noninverting input is at or near 
iround (V~). 

lutput 

"he output of the LT1211/LT1212 will swing to within 
1.60V of the positive supply with no load. The open-loop 
lutput resistance, when the output is driven hard into the 


positive rail, is about 1 00Q as the output starts to source 
current; this resistance drops to about 250 as the current 
increases. Therefore when the output sources 1 mA, the 
output will swing to within 0.7V of the positive supply. 
While sourcing 20mA, it is within 1.1V of the positive 
supply. 

The output of the LT121 1/LT1 212 will swing to within 3mV 
of the negative supply while sinking zero current. Thus, in 
a typical single supply application with the load going to 
ground, the output will go to within 3mV of ground. The 
open-loop output resistance when the output is driven 
hard into the negative rail is about 44Qat low currents and 
reduces to about 24T2 at high currents. Therefore, when 
the output sinks 1 mA, the output is about 42mV above the 
negative supply and while sinking 20mA, it is about 
480mV above it. 

The output of the LT1211/LT1212 has reverse-biased 
diodes to each supply. If the output isforced beyond either 
supply, unlimited currents will flow. If the current is 
transient and limited to several hundred mA, no damage 
will occur. 

Feedback Components 

Because the input currents of the LT 1 21 1/LT 1 21 2 are less 
than 125nA, it is possible to use high value feedback 
resistors to set the gain. However, care must be taken to 
insure that the pole that is formed by the feedback resis- 
tors and the input capacitance does not degrade the 
stability of the amplifier. For example, if a single supply, 
noninverting gain of two is set with two 20k resistors, the 
LT1 21 1/LT1 21 2 will probably oscillate. This is because 
the amplifier goes open-loop at 3MHz (6dB of gain) and 
has 50° of phase margin. The feedback resistors and the 
1 0pF input capacitance generate a pole at 1.6MHz that 
introduces 63° of phase shift at 3MHz! The solution is 
simple; use lower value resistors or add a feedback 
capacitor of lOpFor more. 


crum 
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Comparator Applications 

Sometimes it is desirable to use an op amp as a compara- 
tor. When operating the LT1211/LT1212 on a single 3.3V 
or 5 V supply, the output interfaces directly with most TTL 
and CMOS logic. 

The response time of the LT1211/LT1212 is a strong 
function of the amount of input overdrive as shown in the 


following photos. These amplifiers are unity-gain stable 
op amps and not fast comparators, therefore, the logic 
being driven may oscillate due to the long transition time. 
The output can be speeded up by adding 20mV or more of 
hysteresis (positive feedback), but the offset is then a 
function of the input direction. 


LT1211 Comparator Response (+) 
20mV, lOmV, 5mV, 2mV Overdrives 


4 


Q- 


2 


0 


J. 100 


Vs = 5V 

R L = oo 


5ps/DIV 

1211/12AI01 



LT1211 Comparator Response (-) 
20mV, lOmV, 5mV, 2mV Overdrives 



simpuFi€D scHemmic 
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LT1211/LT1212 


typical Appiicnnons 


Single Supply, 100kHz, 4th Order Butterworth Lowpass Filter 

ci 



1211/12 TA03b 


1A Voltage-Controlled Current Source 1A Voltage-Controlled Current Sink 
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FCOTUR6S 


■ Slew Rate 

12V/ps Typ 

■ Gain-Bandwidth Product 

28MHz Typ 

■ Fast Settling to 0.01 % 


2 V Step to 200|iV 

500ns Typ 

10V Step to ImV 

1.1|is Typ 

■ Excellent DC Precision in All Packages 


Input Offset Voltage 

275pV Max 

Input Offset Voltage Drift 

6pV/°C Max 

Input Offset Current 

40nA Max 

Input Bias Current 

200nA Max 

Open-Loop Gain 

1200V/mV Min 

■ Single Supply Operation 



Input Voltage Range Includes Ground 
Output Swings to Ground While Sinking Current 

■ Low Input Noise Voltage tOnV/VHz Typ 

■ Low Input Noise Current 0.2pA/VHzTyp 

■ Specified at 3.3V, 5 V and ±1 5 V 

■ Large Output Drive Current 30mA Min 

■ Low Supply Current per Amplifier 3.5mA Max 

■ Dual in 8-Pin DIP and SO-8 

■ Quad in 14-Pin DIP and NARROW SO-16 

Note: For applications requiring higher slew rate, see the LT1215/LT1216 
data sheet. For lower power and lower slew rate, see the LT1 21 1/LT1 21 2 data 
sheet. 


28MF1Z, 1 2V/jxs, Single Supply 
Dual and Quad 
Precision Op Amps 

DCSCRIPTIOH 

The LT1 21 3 is a dual, single supply precision op amp with 
a 28MHz gain-bandwidth product and a 1 2V/ps slew rate. 
The LT1214 is a quad version of the same amplifier. The 
DC precision of the LT1213/LT1214 eliminates trims in 
most systems while providing high frequency perfor- 
mance not usually found in single supply amplifiers. 

The LT1213/LT1214 will operate on any supply greater 
than 2.5V and less than 36V total. These amplifiers are 
specified at single 3.3V, single 5 V and ±1 5V supplies, and 
only require 2.7mA of quiescent supply current per ampli- 
fier. The inputs can be driven beyond the supplies without 
damage or phase reversal of the output. The minimum 
output drive is 30mA, ideal for driving low impedance 
loads. 

nppucnTions 

■ 2.5 V Full-Scale 12-Bit Systems Vos ^ 0.45LSB 

■ 10V Full-Scale 16-Bit Systems Vos^1.8LSB 

■ Active Filters 

■ Photodiode Amplifiers 

■ DAC Current-to-Voltage Amplifiers 

■ Battery-Powered Systems 


TYPICAL flPPLICffllOn 


Single Supply 3-Pole 1MHz Butterworth Filter 


Frequency Response 



10k 100k 1M 10M 

FREQUENCY (Hz) 



1213/14 TA02 
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bsolutc mnximum rrhogs 


ital Supply Voltage (V + to V") 36V 

put Current ±15mA 

jtput Short-Circuit Duration (Note 1) Continuous 

jerating Temperature Range 

LT1213C/LT1214C -40°Cto85°C 

LT1213M -55°C to 125°C 


Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 2) 

Plastic Package (N8, S8, N, S) 150°C 

Ceramic Package (J8) 175°C 

Lead Temperature (Soldering, 10 sec) 300°C 


RCKRG€/ORD€R MFORmRTIOn 



J8 PACKAGE N8 PACKAGE 

3-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

Tjmax = 175°C, e JA =100°C/W(J) 

TjMAX = 150°C,ejA = 100°C/W(N) 



N PACKAGE 
14-LEAD PLASTIC DIP 

Tjmax = 1 50°C, 0j A = 70°C/W 


ORDER PART 
NUMBER 


LT1213CN8 

LT1213ACN8 

LT1213MJ8 

LT1213AMJ8 


ORDER PART 
NUMBER 


LT1214CN 


nsult factory for Industrial grade parts. 


outa|T- 
-INA[2 -) 

+ina|t1 
V S 




1] v + 

Tj OUT B 
T]-inb 

T]+INB 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax = 15O o C,0 ja = 15O°C/W 


ORDER PART 
NUMBER 


LT1213CS8 


S8 PART MARKING 


1213 



2U OUT D 
IS] -IND 
+IND 
1 V“ 
j! +INC 

m -Inc 

M 0UTC 

9] NC 


S PACKAGE 

16-LEAD PLASTIC SOIC 
Tjmax = 150°C, 0 JA = 100°C/W 


ORDER PART 
NUMBER 


LT1214CS 


vrilrblc options 



PACKAGE 

NUMBER OF 

OP AMPS 

t a range 

MAX V os (25°C) 

MAXTC V os 
(AVqs/AT) 

CERAMIC DIP 
(J) 

PLASTIC DIP 

(N) 

SURFACE MOUNT 
(S) 

Two (Dual) 

-40°C to 85°C 

150(jV 

1 .5|iV/°C 


LT1213ACN8 


275(iV 

3jliV/°C 


LT1213CN8 


275(xV 

6(iV/°C 



LT1213CS8 

Two (Dual) 

-55°C to 125°C 

150(xV 

1 .5^iV/°C 

LT1213AMJ8 



275|iV 

3jiV/°C 

LT1213MJ8 



Four (Quad) 

-40°C to 85°C 

275|iV 

6p,V/°C 


LT1214CN 

LT1214CS 
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LT1213/LT1214 

5V ELECTRICAL CHARACTERISTICS 


Vs = 5V, Vcki = 0.5V, Vqut = 0.5V, Ta = 25°C, unless otherwise noted. 





LT1213AC 

LT1213C/LT1213M 





LT1213AM 

LT1214C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

UNI1 

Vos 

Input Offset Voltage 


75 150 

100 275 


AVqs 

Long-Term Input Offset 


0.5 

0.6 

pV/N 

ATime 

Voltage Stability 





•os 

Input Offset Current 


5 30 

5 40 

r 

•b 

Input Bias Current 


80 160 

100 200 

r 


Input Noise Voltage 

0.1 Hz to 10Hz 

200 

200 

nV P 

e n 

Input Noise Voltage Density 

f 0 = 10Hz 

10 

10 

nV/Vl 



f 0 = 1000Hz 

10 

10 

nV/Vl 

•n 

Input Noise Current Density 

f 0 = 10Hz 

0.9 

0.9 

pAA/l 



f 0 = 1000Hz 

0.2 

0.2 

pAM 


Input Resistance (Note 3) 

Differential Mode 

10 40 

10 40 

M 



Common Mode 

200 

200 

M 


Input Capacitance 

f = 1MHz 

10 

10 

1 


Input Voltage Range 


3.5 3.8 

3.5 3.8 





0 -0.3 

0 -0.3 


CMRR 

Common-Mode Rejection Ratio 

V CM = 0V to 3.5V 

90 105 

86 105 

c 

PSRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

93 116 

90 116 

c 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R l = 500Q 

250 850 

250 850 

V/rr 


Maximum Output Voltage Swing 

Output High, No Load 

4.30 4.39 

4.30 4.39 



(Note 4) 

Output High, lsouRCE = 1mA 

4.20 4.30 

4.20 4.30 




Output High, (source = 20mA 

3.80 3.92 

3.80 3.92 




Output Low, No Load 

0.004 0.007 

0.004 0.007 




Output Low, Isjnk = 1mA 

0.033 0.050 

0.033 0.050 




Output Low, Isink = 20mA 

0.475 0.620 

0.475 0.620 


•o 

Maximum Output Current 

(Note 9) 

±30 ±50 

±30 ±50 

rr 

SR 

Slew Rate 

A v = -2 

8.5 

8.5 

V/| 

GBW 

Gain-Bandwidth Product 

f = 100kHz 

26 

26 

Ml 

•s 

Supply Current per Amplifier 


2.0 2.7 3.8 

2.0 2.7 3.8 

rr 


Minimum Supply Voltage 

Single Supply, V C m = 0V 

2.2 2.5 

2.2 2.5 



Full Power Bandwidth 

A v = 1 > V 0 = 2.5Vp. P 

1.0 

1.0 

Ml 

tr.tf 

Rise Time, Fall Time 

A v = 1,10% to 90%, V 0 = lOOmV 

24 

24 

i 

OS 

Overshoot 

A v = 1 , V 0 = 1 00mV 

30 

30 


tpD 

Propagation Delay 

A v = 1, V 0 = lOOmV 

17 

17 

i 

ts 

Settling Time 

0.01 %, Ay = 1 , AV 0 = 2V 

500 

500 

i 


Open-Loop Output Resistance 

l 0 = OmA, f = 10MHz 

50 

50 


THD 

Total Harmonic Distortion 

Av = 1 ) Vo = 1Vr MS) 20Hz to 20kHz 

0.001 

0.001 
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LT1213/LT1214 


>V ELECTRICAL CHARACTERISTICS 


s = 5V, Vcm = 0.5V, Vqut = 0.5V, 0°C < Ta < 70°C, unless otherwise noted. 


YMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AC 

TYP 

MAX 

LT1213C/LT1214C 

MIN TYP MAX 

UNITS 

OS 

Input Offset Voltage 



100 

175 


150 

375 

nv 

‘Vos 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

|iV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

mV/°C 

)S 

Input Offset Current 



10 

45 


10 

55 

nA 

} 

Input Bias Current 



90 

190 


110 

230 

nA 


Input Voltage Range 


3.4 

3.5 


3.4 

3.5 


V 




0.1 

-0.1 

i 

i 

0.1 

-0.1 


V 

MRR 

Common-Mode Rejection Ratio 

V CM = 0.1V to 3.4V 

89 

105 


85 

105 


dB 

SRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

92 

114 


89 

114 


dB 

VOL 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R L = 500Q 

200 

580 


200 

580 


V/mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.20 

4.33 


4.20 

4.33 


V 


(Note 4) 

Output High, Isource = 1mA 

4.10 

4.25 


4.10 

4.25 


V 



Output High, Isource = 15mA 

3.84 

3.96 


3.84 

3.96 


V 



Output Low, No Load 


0.005 

0.008 


0.005 

0.008 

V 



Output Low, I S ink = 1 mA 


0.036 

0.055 


0.036 

0.055 

V 



Output Low, Isink = 15mA 


0.370 

0.530 


0.370 

0.530 

V 

5 

Supply Current per Amplifier 


1.8 

2.9 

4.0 

1.8 

2.9 

4.0 

mA 


s = 5V, Vcm = 0.5V, Vqut = 0.5V, -40°C < T A < 85°C, unless otherwise noted. (Note 5) 


YMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AC 

TYP 

MAX 

LT1213C/LT1214C 

MIN TYP MAX 

UNITS 

OS 

Input Offset Voltage 



120 

200 


175 

500 

jiV 

Vos 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

pV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

|iV/°C 

)S 

Input Offset Current 



15 

50 


20 

75 

nA 

1 

Input Bias Current 



100 

200 


120 

250 

nA 


Input Voltage Range 


3.1 

3.2 


3.1 

3.2 


V 




0.2 

0 


0.2 

0 


V 

MRR 

Common-Mode Rejection Ratio 

V CM = 0.2V to 3.1V 

88 

104 


84 

104 


dB 

SRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

91 

113 


88 

113 i 


dB 

VOL 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R L = 500Q 

200 

510 


200 

510 


V/mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.15 

4.25 


4.15 

4.25 


V 


(Note 4) 

Output High, Isource = 1mA 

4.00 

4.16 


4.00 

4.16 


V 



Output High, Isource = 15mA 

3.72 

3.89 


3.72 

3.89 


V 



Output Low, No Load 


0.006 

0.009 


0.006 

0.009 

V 



Output Low, Isink = "I mA 


0.037 

0.060 


0.037 

0.060 

V 



Output Low, Isink = 15mA 


0.380 

0.550 


0.380 

0.550 

V 

; 

Supply Current per Amplifier 


1.5 

2.9 

4.0 

1.5 

2.9 

4.0 

mA 


cr\tm 
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LT1213/LT1214 


5V €l€CTRICRL CHARACTERISTICS 


Vs = 5V, V C m = 0.5V, Vqut = 0.5V, -55°C < T A < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AM 

TYP 

MAX 

MIN 

LT1213M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



140 

250 


200 

500 

pV 

AVqs 

Input Offset Voltage Drift 



0.7 

1.5 


1.0 

3.0 

mV/°C 

AT 

(Note 3) 









*0S 

Input Offset Current 



20 

70 


25 

100 

nA 

•b 

Input Bias Current 



105 

210 


125 

275 

nA 


Input Voltage Range 


3.1 

3.2 


3.1 

3.2 


V 




0.4 

0.2 


0.4 

0.2 


V 

CMRR 

Common-Mode Rejection Ratio 

V C m = 0.4V to 3.1V 

87 

104 


83 

104 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

90 

113 


87 

113 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R L = 500Q 

150 

300 


150 

300 


V/m V 


Maximum Output Voltage Swing 

Output High, No Load 

4.05 

4.20 


4.05 

4.20 


V 


(Note 4) 

Output High, Isource = 1mA 

3.90 

4.10 


3.90 

4.10 


V 



Output High, Isource = 15mA 

3.60 

3.80 


3.60 

3.80 


V 



Output Low, No Load 


0.007 

0.012 


0.007 

0.012 

mV 



Output Low, Isink = 1 niA 


0.040 

0.070 


0.040 

0.070 

mV 



Output Low, Isink = 1 5mA 


0.400 

0.750 


0.400 

0.750 

mV 

•s 

Supply Current per Amplifier 


1.3 

3.0 

4.2 

1.3 

3.0 

4.2 

mA 


±15V €l€CTRICfll CHARACTCRISTICS 


V s = ±15V, Vqh/i = 0V, Vqut = OV, T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AC 

LT1213AM 

TYP 

MAX 

LT1 21 3C/LT1 21 3M 
LT1214C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

i 


125 

400 


150 

550 

pV 

•os 

Input Offset Current 



5 

30 


5 

40 

nA 

•b 

Input Bias Current 



70 

150 


90 

190 

nA 


Input Voltage Range 


13.5 

13.8 


13.5 

13.8 


V 




-15.0 

-15.3 


-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -15V to 13.5V 

90 

107 


86 

107 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±18V 

93 

116 


90 

116 


dB 

Avol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R L = 2k 

1200 

4000 


1200 

4000 


V/mV 


Maximum Output Voltage Swing 

Output High, Isource = 20mA 

13.7 

13.9 


13.7 

13.9 


V 



Output Low, Isink = 20mA 

-14.3 

-14.5 


-14.3 

-14.5 


V 

•o 

Maximum Output Current 

(Note 9) 

±30 

±50 


±30 

±50 


mA 

SR 

Slew Rate 

A v = -2 (Note 6) 

10 

12 


10 

12 


V/ps 

GBW 

Gain-Bandwidth Product 

f = 100kHz 

15 

28 


15 

28 


MHz 

•s 

Supply Current per Amplifier 


2.0 

3.4 

4.7 

2.0 

3.4 

4.7 

mA 


Channel Separation 

V o = ±10V, R l = 2k 

128 

140 


128 

140 


dB 


Minimum Supply Voltage 

Equal Split Supplies 


±1.2 

±2.0 


±1.2 

±2.0 

V 


Full-Power Bandwidth 

A v = 1,V o = 20Vp.p 

150 

150 

kHz 


Settling Time 

0.01%, A v = 1, AV o = 10V 

1.1 

1.1 

MS 
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LT1213/LT1214 


fcl5V €l€CTRICRl CHARACTERISTICS 


Is = ±15V, Vcm = OV, Vqut = OV, 0°C < Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AC 

TYP 

! 

1 

MAX 

LT1213C/LT1214C 

MIN TYP MAX 

UNITS 

^OS 

Input Offset Voltage 



150 

425 


200 

650 

HV 

^ v os 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

^v/°c 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

nV/°C 

OS 

Input Offset Current 



10 

35 


10 

45 

nA 

B 

Input Bias Current 



90 

160 


95 

200 

nA 


Input Voltage Range 


13.4 

13.5 


13.4 

13.5 


V 




-14.9 

-15.1 


-14.9 

-15.1 


V 

2MRR 

Common-Mode Rejection Ratio 

V CM = -14.9V to 13.4V 

89 

105 


85 

105 


dB 

3 SRR 

Power Supply Rejection Ratio 

V s = ±2V to ±1 8V 

92 

115 


89 

115 


dB 

VOL 

Large-Signal Voltage Gain 

V 0 = OV to ±1 OV, R L = 2k 

1000 

4000 


1000 

4000 


V/mV 


Maximum Output Voltage Swing 

Output High, lsouRCE = 15mA 

13.8 

14.0 


13.8 

14.0 


V 



Output Low, Isink = 1 5mA 

-14.4 

-14.6 


-14.4 

-14.6 


V 

S 

Supply Current per Amplifier 


1.8 

3.7 

5.0 

1.8 

3.7 

5.0 

mA 


1 Is = ±15V, Vcm = OV, V 0UT = OV, -40°C < T A < 85°C, unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AC 

TYP 

MAX 

LT1 21 3C/LT1214C 

MIN TYP MAX 

UNITS 

^OS 

Input Offset Voltage 



175 

450 


250 

700 

mV 

^Vos 

Input Offset Voltage Drift 

8-Pin DIP Package 


0.7 

1.5 


1 

3 

mV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





2 

6 

pV/°C 

OS 

Input Offset Current 



10 

40 


20 

75 

nA 

B 

Input Bias Current 



95 

180 


105 

220 

nA 


Input Voltage Range 


13.1 

13.2 


13.1 

13.2 


V 




-14.8 

-15.0 


-14.8 

-15.0 


V 

:mrr 

Common-Mode Rejection Ratio 

V CM = -14.8V to 13.1V 

88 

104 


84 

104 


dB 

3 SRR 

Power Supply Rejection Ratio 

V S = ±2V to ±1 8V 

91 

114 


88 

114 


dB 

VOL 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R L = 2k 

1000 

4000 


1000 

4000 


V/mV 


Maximum Output Voltage Swing 

Output High, Isource = 15mA 

13.7 

13.9 


13.7 

13.9 


V 



Output Low, Isink = 15mA 

-14.4 

-14.6 


-14.4 

-14.6 


V 

S 

Supply Current per Amplifier 


1.5 

3.7 

5.1 

1.5 

3.7 

5.1 

mA 


h = ±15V, V C m = OV, Vqut = OV, -55°C < T A < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

i 

! 

CONDITIONS 

MIN 

LT1213AM 

TYP 

MAX 

MIN 

LT1213M 

TYP 

MAX 

UNITS 

hs 

Input Offset Voltage 



200 

500 


300 

800 

m-V 

^os ] 

Input Offset Voltage Drift 



0.7 

1.5 


1 

3 

m.v/°c 

AT 

(Note 3) 









OS 

Input Offset Current 



15 

60 


25 

90 

nA 

B 

Input Bias Current 



100 

200 


110 

250 

nA 


Input Voltage Range 


13.1 

13.2 


13.1 

13.2 


V 




-14.6 

-14.8 


-14.6 

-14.8 


V 

;mrr 

Common-Mode Rejection Ratio 

V CM = -14.6V to 13.1V 

87 

104 


83 

104 


dB 

>SRR 

Power Supply Rejection Ratio 

V s = ±2V to ±1 5V 

90 

114 


87 

114 


dB 

V/OL 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R L = 2k 

800 

1100 


800 

1100 


V/mV 


Maximum Output Voltage Swing 

Output High, (source = 15mA 

13.6 

13.8 


13.6 

13.8 


V 



Output Low, Isink = 15mA 

-14.2 

-14.5 


-14.2 

-14.5 


V 

s 

Supply Current per Amplifier 


1.3 

4.0 

5.4 

1.3 

4.0 

5.4 

mA 
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LT1213/LT1214 


3.3V €l€CTRICRL CHARACTERISTICS 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, T A = 25°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AC 

LT1213AM 

TYP 

MAX 

LT1213C/LT1213M 

LT1214C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



75 

150 


100 

275 

hV 


Input Voltage Range (Note 8) 


1.8 

2.1 


1.8 

2.1 


V 




0 

-0.3 


0 

-0.3 


V 


Maximum Output Voltage Swing 

Output High, No Load 

2.60 

2.69 


2.60 

2.69 


V 



Output High, Isource = 1mA 

2.50 

2.60 

■ 

2.50 

2.60 


V 



Output High, IsouRCE = 20mA 

2.10 

2.22 


2.10 

2.22 


V 



Output Low, No Load 


0.004 

0.007 


0.004 

0.007 

V 



Output Low, Isink = 1mA 


0.033 

0.050 


0.033 

0.050 

V 



Output Low, Isink = 20mA 


0.475 

0.620 


0.475 

0.620 

V 

>0 

Maximum Output Current 


±30 

±50 


±30 

±50 


mA 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, 0°C < T A < 70°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

. 

i 

CONDITIONS 

LT1213AC 

MIN TYP MAX 

LT1 21 3C/LT1 21 4C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


100 175 

150 375 

mV 


Input Voltage Range (Note 8) 


1.7 1.8 

1.7 1.8 

V 




0.1 -0.1 

0.1 -0.1 

V 


Maximum Output Voltage Swing 

Output High, No Load 

2.50 2.63 

2.50 2.63 

V 



Output High, Isource = 1mA 

2.40 2.55 

2.40 2.55 

V 



Output High, Isource = 15mA 

. 2.14 2.26 

2.14 2.26 

V 



Output Low, No Load 

0.005 0.008 

0.005 0.008 

V 



Output Low, Isink = 1 mA 

0.037 0.055 

0.037 0.055 

V 



Output Low, Isink = 15mA 

0.400 0.530 

0.400 0.530 

V 


Vs = 3.3V, Vcm = 0 5V, Vqut = 0.5V, -40°C < T A < 85°C, unless otherwise noted. (Note 5, 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1213AC 

MIN TYP MAX 

LT1213C/LT1214C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


120 200 

175 500 

mV 


Input Voltage Range (Note 8) 


1.4 1.5 

1.4 1.5 

V 




0.2 0 

0.2 0 

V 


Maximum Output Voltage Swing 

Output High, No Load 

2.45 2.55 

2.45 2.55 

V 



Output High, Isource = 1mA 

2.30 2.46 

2.30 2.46 

V 



Output High, Isource = 15mA 

2.02 2.19 

2.02 2.19 

V 



Output Low, No Load 

0.006 0.009 

0.006 0.009 

V 



Output Low, Isink = 1mA 

0.040 0.060 

0.040 0.060 

\l 



Output Low, Isink = 15mA 

0.410 0.550 

0.410 0.550 

V 


V s = 3.3V, Vcm = 0.5V, Vqut = 0.5V, -55°C < T A < 125°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1213AM 

TYP 

MAX 

MIN 

LT1213M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



130 

250 


200 

500 

mV 


Input Voltage Range (Note 8) 


1.4 

1.5 


1.4 

1.5 


\, 



! 

0.4 

0.2 


0.4 

0.2 


\ 


Maximum Output Voltage Swing 

Output High, No Load 

2.35 

2.50 


2.35 

2.50 


\ 



Output High, Isource = 1mA 

2.20 

2.40 


2.20 

2.40 


\ 



Output High, Isource = 15mA 

1.90 

2.10 


1.90 

2.10 


\ 



Output Low, No Load 


0.007 

0.012 


0.007 

0.012 

\ 



Output Low, Isink = 1 mA 


0.040 

0.070 


0.040 

0.070 

\ 



Output Low, Isink = 15mA 


0.500 

0.750 


0.500 

0.750 

\ 
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LT1213/LT1214 


€L€CTRICI1L CHfiRRCTCRISTICS 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Note 2: Tj is calculated from the ambient temperature T A and power 
dissipation Pd according to the following formulas: 

LT1213MJ8, LT1213AMJ8: Tj = T A + (P D x 100°C/W) 
LT1213CN8, LT1213ACIM8: Tj = T A + (Pd x 100°C/W) 

LT1 21 3CS8: Tj = T A + (P D x 1 50°C/ W) 

LT1214CN: Tj = T A + (P D x 70°C/W) 

LT1 21 4CS: Tj = T A + (P D x 1 00°C/W) 

Note 3: This parameter is not 100% tested. 

Note 4: Guaranteed by correlation to 3.3V and ±15V tests. 


Note 5: The LT1213/LT1214 are not tested and are not quality-assurance 
sampled at -40°C and at 85°C. These specifications are guaranteed by 
design, correlation and/or inference from -55°C, 0°C, 25°C, 70°C and/or 
1 25°C tests. 

Note 6: Slew rate is measured between ±8.5V on an output swing of ±10V 
on ±15V supplies. 

Note 7: Most LT1213/LT1214 electrical characteristics change very little 
with supply voltage. See the 5V tables for characteristics not listed in the 
3.3V table. 

Note 8: Guaranteed by correlation to 5V and ±15V tests. 

Note 9: Guaranteed by correlation to 3.3V tests. 


TVPICRl P€RFORmnnC€ CHRRRCT6RISTICS 


Distribution of Input Offset Voltage 


Distribution of Offset Voltage Drift 

with Temperature Distribution of Input Offset Voltage 
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OFFSET VOLTAGE DRIFT WITH TEMPERATURE (*iV/°C) 


INPUT OFFSET VOLTAGE (jiV) 


1213/14 G02 
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Distribution of Input Offset Voltage 
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Distribution of Input Offset Voltage 
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INPUT OFFSET VOLTAGE foV) 


OFFSET VOLTAGE DRIFT WITH TEMPERATURE (jiV/°C) INPUT OFFSET VOLTAGE (*iV) 


1213/14 G04 
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SLEW RATE (V/jis) VOLTAGE GAIN (dB) 


LT1213/LT12T4 


TVPICflL P€RFORmnnC€ CHARACTERISTICS 


Voltage Gain vs Frequency 


Voltage Gain, Phase vs 
Frequency 



Gain-Bandwidth Product, 

Phase Margin vs Supply Voltage 
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Capacitive Load Handling 
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Undistorted Output Swing 
vs Frequency, Vs = ±15V 
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Total Harmonic Distortion and 
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LT1213/LT1214 


TYPICAL P€RFORfnnnC€ CHARACTERISTICS 


5V Small-Signal Response 


5V Large-Signal Response 



50ns/DIV 

V s = 5V 

Ay = 1 1213/14 G25 



200ns/DIV 


V S = 5V 

Ay = 1 1213/14 G26 


5V Large-Signal Response 



200ns/DIV 

V S = 5V 
Ay = —1 

R F = R G = Ik 
C F = 20pF 


±15V Small-Signal Response 



V s = ±15V 

Ay = 1 1213/14 G28 


±15V Large-Signal Response 

10V 

ov 

-10 V 

Ips/DIV 

V S = ±15V 

Ay=1 1213/14 G29 



±15V Large-Signal Response 


10V 

ov 

-10V 


i ms/d iv 

V s = ±1 5V 
Ay = —1 
R F = Rq = Ik 


1213/14 G30 



5V Settling 



100ns/DIV 


V S = 5V 

Ay = 1 1213/14 G31 


±15V Settling 



200ns/DIV 

V S = ±15V 

Ay = -1 1213/14 G32 


Settling Time to 0.01% 
vs Output Step 



300 400 500 600 700 800 900 1000 1100 
SETTLING TIME (ns) 


1213/14 G33 
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tvpicri peRFORmnnce chrrrctcristics 


Supply Current vs Supply Votage 



0 1 2 3 4 5 

SUPPLY VOLTAGE (V) 

1213/14 G34 


Input Bias Current vs Temperature 



75 I 1 1 1 1 1 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


1213/14 G37 


Supply Current vs Temperature 



TEMPERATURE (°C) 

1213/14 G35 


Input Bias Current vs 
Common-Mode Voltage 



COMMON-MODE VOLTAGE (V) 

1213/14 G38 



0 20 40 60 80 100 

TIME AFTER POWER-UP (SEC) 


Common-Mode Range 
vs Temperature 



1213/14 G39 


Input Noise Current, Noise 
Voltage Density vs Frequency 


Common-Mode Rejection Ratio 
vs Frequency 



Input Referred Power Supply 
Rejection Ratio vs Frequency 



30 I 1—1 LLLilil L. L LUUH L-LLLLLill L -L L LLiill 

Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 

1213/14 G42 
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nppucnnons mFonmnnon 

Supply Voltage 

The LT1213/LT1214 op amps are fully functional and all 
internal bias circuits are in regulation with 2.2 V of supply. 
The amplifiers will continue to function with as little as 
1.5V, although the input common-mode range and the 
phase margin are about gone. The minimum operating 
supply voltage is guaranteed by the PSRR tests which are 
done with the input common mode equal to 500mV and a 
minimum supply voltage of 2.5V. The LT1 21 3/LT 1 21 4 are 
guaranteed over the full -55°C to 125°C range with a 
minimum supply voltage of 2.5V. 

The positive supply pin of the LT1213/LT1214 should be 
bypassed with a small capacitor (about 0.01 pF) within an 
inch of the pin. When driving heavy loads and for good 
settling time, an additional 4.7pF capacitor should be 
used. When using split supplies, the same is true for the 
negative supply pin. 

Power Dissipation 

The LT1213/LT1214 amplifiers combine high speed and 
large output current drive into very small packages. Be- 
cause these amplifiers workover a very wide supply range, 
it is possible to exceed the maximum junction temperature 
under certain conditions. To insure that the LT1213/ 
LT1214 are used properly, calculate the worst case power 
dissipation, define the maximum ambient temperature, 
select the appropriate package and then calculate the 
maximum junction temperature. 

The worst case amplifier power dissipation is the total of 
the quiescent current times the total power supply voltage 
plus the power in the 1C due to the load. The quiescent 
supply current of the LT1 21 3/LT 1 21 4 has a positive tem- 
perature coefficient. The maximum supply current of each 
amplifier at 125°C is given by the following formula: 

Ismax = 4.2 + 0.048 x (Vs - 5) in mA 
V s is the total supply voltage. 

The power in the 1C due to the load is a function of the 
output voltage, the supply voltage and load resistance. The 
worst case occurs when the output voltage is at half 
supply, if it can go that far, or its maximum value if it 
cannot reach half supply. 


For example, calculate the worst case power dissipation 
while operating on ±1 5V supplies and driving a 500Q load. 

Ismax = 4.2 + 0.048 x (30 - 5) = 5.4mA 
Pdmax = 2 x Vs x Ismax + (Vs - Vomax) * Vomax/FSl 
Pdmax = 2 x 1 5V x 5.4mA + (15V-7.5V) x 7.5V/500 
= 0.162 + 0.113 = 0.275 Watt per Amp 

If this is the dual LT1 21 3, the total power in the package is 
twice that, or 0.550W. Now calculate how much the die 
temperature will rise above the ambient. The total power 
dissipation times the thermal resistance of the package 
gives the amount of temperature rise. For this example, in 
the SO-8 surface mount package, the thermal resistance is 
150°C/W junction-to-ambient in still air. 

Temperature Rise = Pdmax x 6ja=0.550W x 150°C/W 
= 82.5°C 

The maximum junction temperature allowed in the plastic 
package is 150°C. Therefore the maximum ambient al- 
lowed is the maximum junction temperature less the 
temperature rise. 

Maximum Ambient = 150°C - 82.5°C = 67.5°C 

That means the SO-8 dual can be operated at or below 
67.5°C on ±1 5 V supplies with a 500Q load. 

As a guideline to help in the selection of the LT1213/ 
LT1 214, the following table describes the maximum sup- 
ply voltage that can be used with each part based on the 
following assumptions: 

1 . The maximum ambient is 70°C or 1 25°C depending on 
the part rating. 

2. The load is 500Q including the feedback resistors. 

3. The output can be anywhere between the supplies. 


PART 

MAX SUPPLIES 

MAX POWER AT MAX T a 

LT1213MJ8 

18.0V or ±14.1 V 

500mW 

LT1213CN8 

23.7V or ±1 8.0V 

800mW 

LT1213CS8 

18.7V or ±1 4.7V 

533mW 

LT1214CN 

19.5V or ±1 5.4V 

1143mW 

LT1214CS 

15.8V or ±1 2.2V 

800mW 
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flppucOTions inFORmpTion 

Inputs 

Typically at room temperature, the inputs of the LT1213/ 
LT1214 can common mode 400mV below ground (V~) 
and to within 1 .2 V of the positive supply with the amplifier 
still functional. However, the input bias current and offset 
voltage will shift as shown in the characteristic curves. For 
full precision performance, the common-mode range 
should be limited between ground (V - ) and 1 .5 V below the 
positive supply. 

When either of the inputs is taken below ground (V~) by 
more than about 700mV, that input current will increase 
dramatically. The current is limited by internal 100Q 
resistors between the input pins and diodes to each 
supply. The output will remain low (no phase reversal) for 
inputs 1 ,3V below ground (V - ). If the output does not have 
to sink current, such as in a single supply system with a 1 k 
load to ground, there is no phase reversal for inputs up to 
8 V below ground. 

There are no clamps across the inputs of the LT1213/ 
LT1214 and therefore each input can be forced to any 
voltage between the supplies. The input current will re- 
main constant at about lOOnA over most of this range. 
When an input gets closerthan 1 ,5V to the positive supply, 
that input current will gradually decrease to zero until the 
input goes above the supply, then it will increase due to the 
previously mentioned diodes. If the inverting input is held 
more positive than the noninverting input by 200mV or 
more, while at the same time the noninverting input is 
within 300mV of ground (V - ), then the supply current will 
increase by 2mA and the noninverting input current will 
increase to about 10pA. This should be kept in mind in 
comparator applications where the inverting input stays 
above ground (V - ) and the noninverting input is at or near 
ground (V - ). 

Output 

The output of the LT1213/LT1214 will swing to within 
0.61V of the positive supply with no load. The open-loop 
output resistance, when the output is driven hard into the 


positive rail, is about 100Q as the output starts to source 
current; this resistance drops to about 20Qas the current 
increases. Therefore when the output sources 1mA, the 
output will swing to within 0.7V of the positive supply. 
While sourcing 30mA, it is within 1.25V of the positive 
supply. 

The output of the LT1 21 3/LT 1 21 4 will swing to within 4mV 
of the negative supply while sinking zero current. Thus, in 
a typical single supply application with the load going to 
ground, the output will go to within 4mV of ground. The 
open-loop output resistance when the output is driven 
hard into the negative rail is about 29Qat low currents and 
reduces to about 23Q at high currents. Therefore when 
the output sinks 1 mA, the output is about 33mV above the 
negative supply and while sinking 30mA, it is about 
690mV above it. 

The output of the LT1213/LT1214 has reverse-biased 
diodes to each supply. If the output is forced beyond either 
supply, unlimited currents will flow. If the current is 
transient and limited to several hundred mA, no damage 
will occur. 

Feedback Components 

Because the input currents of the LT 1 21 3/LT 1 21 4 are less 
than 200nA, it is possible to use high value feedback 
resistors to set the gain. However, care must be taken to 
insure that the pole that is formed by the feedback resis- 
tors and the input capacitance does not degrade the 
stability of the amplifier. For example, if a single supply, 
noninverting gain of two is set with two 1 0k resistors, the 
LT1213/LT1214 will probably oscillate. This is because 
the amplifier goes open-loop at 6MHz (6dB of gain) and 
has 45° of phase margin. The feedback resistors and the 
1 0pF input capacitance generate a pole at 3MHz that 
introduces 63° of phase shift at 6MHz! The solution is 
simple, lowerthe values of the resistors or add afeedback 
capacitor of lOpF or more. 
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Comparator Applications 

Sometimes it is desirable to use an op amp as a compara- 
tor. When operating the LT1213/LT1214 on a single 3.3V 
or 5 V supply, the output interfaces directly with most TTL 
and CMOS logic. 

The response time of the LT1213/LT1214 is a strong 
function of the amount of input overdrive as shown in the 


LT1213 Comparator Response (+) 
20mV, lOmV, 5mV, 2mV Overdrives 



5|is/DIV 

VS = 5V 1213/14 AI01 

R L = °° 


following photos. These amplifiers are unity-gain stable 
op amps and not fast comparators, therefore, the logic 
being driven may oscillate due to the long transition time. 
The output can be speeded up by adding 20mV or more of 
hysteresis (positive feedback), but the offset is then a 
function of the input direction. 


LT1213 Comparator Response (-) 
20m V, lOmV, 5mV, 2mV Overdrives 



Vs = 5V 1213/14 AI02 

R L = oo 


simpuFi€D scHcmnTic 
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Instrumentation Amplifier with Guard/Shield Driver and Input Bias Current Cancellation 



Ground Current Sense Amplifier 


Difference Amplifier with Wide Input Common-Mode Range 


v + 



V 0 = 1V/A 


OFFSET < 5.5mA 
BANDWIDTH = 500kHz 
t r = IjLtS 


1213/14 TA04 


v + 

3.3V 



' Vqut 


BANDWIDTH = 3MHz 
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/ywm 

JBbm# TECHNOLOGY 

FCATURCS 


■ Slew Rate 

50V/ps Typ 

■ Gain-Bandwidth Product 

23MHz Typ 

■ Fast Settling to 0.01% 


2V Step to 200pV 

250ns Typ 

lOVSteptolmV 

480ns Typ 

■ Excellent DC Precision in All Packages 

Input Offset Voltage 

450|iV Max 

Input Offset Voltage Drift 

10pV/°C Max 

Input Offset Current 

120nA Max 

Input Bias Current 

600nA Max 

Open-Loop Gain 

lOOOV/mV Min 

■ Single Supply Operation 


Input Voltage Range Includes Ground 

Output Swings to Ground While Sinking Current 

■ Low Input Noise Voltage 

12.5nV/VHz Typ 

■ Low Input Noise Current 

0.5pAA/Hz Typ 

■ Specified on 3.3V, 5V and +15V 


■ Large Output Drive Current 

30mA Min 

■ Low Supply Current per Amplifier 

6.6mA Max 


■ Dual in 8-Pin DIP and S08 

■ Quad in 14-Pin DIP and NARROW S016 

Note: For applications requiring less slew rate, seethe LT121 1/LT121 2 and 
LT1213/LT1214 data sheets. 


23MHz, 50V/(is, Single Supply 
Dual and Quad 
Precision Op Amps 

D6SCRIPTIOR 

The LT1 21 5 is a dual, single supply precision op amp with 
a 23MHz gain-bandwidth product and a 50V/ps slew rate. 
The LT1216 is a quad version of the same amplifier. The 
DC precision of the LT1215/LT1216 eliminates trims in 
most systems while providing high frequency perfor- 
mance not usually found in single supply amplifiers. 

The LT1215/LT1216 will operate on any supply greater 
than 2.5V and less than 36V total. These amplifiers are 
specified on single 3.3V, single 5V and ±1 5 V supplies, and 
only require 5mA of quiescent supply current per ampli- 
fier. The inputs can be driven beyond the supplies without 
damage or phase reversal of the output. The minimum 
output drive is 30mA, ideal for driving low impedance 
loads. 

RPPUCRTIORS 

■ 2.5V Full-Scale 1 2-Bit Systems Vos ^ 0.75 LSB 

■ 1 0V Full-Scale 1 6-Bit Systems Vos ^ 3 LSB 

■ Active Filters 

■ Photo Diode Amplifiers 

■ DAC Current to Voltage Amplifiers 

■ Battery-Powered Systems 


TYPICAL APPUCATIOn 


Single Supply Instrumentation Amplifier 




Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 

1215/16 TA02 
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rbsolut€ maximum nnnnGS 


Total Supply Voltage (V + to V - ) 36V 

Input Current ±15mA 

Output Short-Circuit Duration (Note 1) Continuous 

Operating Temperature Range 

LT 1 21 5C/LT 1 21 6C -40°Cto85°C 

LT1215M -55°C to 125°C 


Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 2) 

Plastic Package (CN8, CS8, CN, CS) 150°C 

Ceramic Package (MJ8) 175°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R mFoiunnnon 



OUT A [T 
-IN A |T 


J8 PACKAGE N8 PACKAGE 

READ CERAMIC DIP 8-LEAD PLASTIC DIP 

TjMAX = 175 o C,0j A = 1OO°C/W (J) 
Tjmax = 1 50°C, 0 JA = 1 00°C/W (N) 


ORDER PART 
NUMBER 


LT1215CN8 

LT1215ACN8 

LT1215MJ8 

LT1215AMJ8 


TOP VIEW 



S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax = 15O°C,0ja = 15O°C/W 


ORDER PART 
NUMBER 


LT1215CS8 


S8 PART MARKING 


1215 


OUT A jT 
-IN A {T 
+INA [T 
V + [T 
+IN B |T 

-INB [7 
OUT B [7 


TOP VIEW 

— Z2 — 


iTt 


TT] OUT D 
13] -IND 
+IN D 

TT] V" 

To] +INC 
T\ -INC 
T\ OUT c 


N PACKAGE 
14-LEAD PLASTIC DIP 


Tjmax = 150°C, 0ja = 70°C/W 


ORDER PART 
NUMBER 


LT1216CN 



S PACKAGE 

16-LEAD PLASTIC SOIC 


Tjmax = 150°C, 0ja = 100°C/W 


ORDER PART 
NUMBER 


LT1216CS 


Consult factory for Industrial grade parts. 


nvmuiBi€ opnons 



PACKAGE 

NUMBER OF 

OP AMPS 

t a range 

MAX V os (25°C) 

MAX TC V os 
(AVos/AT) 

CERAMIC 

(J) 

PLASTIC DIP 
(N) 

SURFACE MOUNT 
(S) 

Two (Dual) 

-40°C to 85°C 

300jllV 

2.5p.V/°C 


LT1215ACN8 


450jliV 

5}iV/ 0 C 


LT1215CN8 


450jliV 

10|iV/ o C 



LT1215CS8 

Two (Dual) 

-55°C to 125°C 

300^iV 

2.5|nV/ 0 C 

LT1215AMJ8 



450)iV 

5|llV/ 0 C 

LT1215MJ8 



Four (Quad) 

-40°C to 85°C 

450(iV 

10jLiV/°C 


LT12160N 

LT1216CS 


fTurmi 
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LT1215/LT1216 

5V €l€CTRICfll CHRRRCT6RISTICS 


Vs = 5V, Vqm = 0.5V, Vqut = 0.5V, Ta = 25°C, unless otherwise noted. 





LT1215AC 

LT1215C/LT1215M 





LT1215AM 

LT1216C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


125 300 

150 450 

nV 

AVqs 

Long-Term Input Offset 

1 

0.8 

1.0 

jliV/Mo 

ATime 

Voltage Stability 





•os 

Input Offset Current 


35 80 

35 120 

nA 

•b 

Input Bias Current 


420 500 

420 600 

nA 


Input Noise Voltage 

0.1 Hz to 10Hz 

400 

400 

nVp.p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz 

15.0 

15.0 

nV/Vfiz 



f 0 = 1000Hz 

12.5 

12.5 

nVA/Hz 

*n 

Input Noise Current Density 

f 0 = 10Hz 

7.0 

7.0 

pA/VHz 



f 0 = 1000Hz 

0.5 

0.5 

pA/VHz 


Input Resistance (Note 3) 

Differential Mode 

10 40 

10 40 

MQ 



Common Mode 

200 

200 

m 


Input Capacitance 

f = 1MHz 

10 

10 

PF 


Input Voltage Range 


3.0 3.2 

3T) 3 2 

V 




0 -0.2 

0 -0.2 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0Vto 3V 

90 108 

86 108 

tie 

PSRR 

Power Supply Rejection Ratio 

V s = 2.5V to 12.5V 

96 115 

93 115 

dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7 V, R l = 500Q 

150 600 

150 600 

V/mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.30 4.39 

4.30 4.39 

V 


(Note 4) 

Output High, Isource = 1mA 

4.20 4.30 

4.20 4.30 

V 



Output High, Isource = 30mA 

3.60 3.75 

3.60 3.75 

V 



Output Low, No Load 

0.005 0.008 

0.005 0.008 

V 



Output Low, Isink = 1 m A 

0.030 0.050 

0.030 0.050 

V 



Output Low, Isink = 30mA 

0.630 1.000 

0.630 1.000 

V 

•o 

Maximum Output Current 

(Note 9) 

±30 ±50 

±30 ±50 

mA 

SR 

Slew Rate 

Ay = -2 

30 

30 

V/jos 

GBW 

Gain-Bandwidth Product 

f = 100kHz 

23 

23 

MHz 

•s 

Supply Current Per Amplifier 


3.6 4.75 6.6 

3.6 4.75 6.6 

mA 


Minimum Supply Voltage 

Single Supply 

2.2 2.5 

2.2 2.5 

V 


Full Power Bandwidth 

A v = 1 , V Q = 2.5Vp. P 

2.6 

2.6 

MHz 

tr.tf 

Rise Time, Fall Time 

A v = 1, 10% to 90%, V 0 = lOOmV 

16 

16 

ns 

OS 

Overshoot 

A v = 1 , V 0 = 1 0OmV 

25 

25 

% 

tpD 

Propagation Delay 

A v = 1,V 0 = lOOmV 

13 

13 

ns 

ts 

Settling Time 

0.01%, Ay = 1, AV 0 = 2V 

250 

250 

ns 


Open-Loop Output Resistance 

l 0 = 0mA, f = 10MHz 

40 

40 

a 

THD 

Total Harmonic Distortion 

A v = 1, V 0 = 1V RMSl 20 Hz to 20kHz 

0.001 

0.001 

% 
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5v electrical characteristics 


Vs = 5V, Vcm = 0.5V, Vqut = 0.5V, 0°C < T A < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AC 

TYP 

MAX 

LT1 21 5C/LT1 21 6C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



200 

350 


250 

550 

mV 

AVqs 

Input Offset Voltage Drift 

8-Pin DIP Package 


1 

2.5 


2 

5 

pV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





3 

10 

|IV/ 0 C 

•os 

Input Offset Current 



35 

100 


35 

140 

nA 

•b 

Input Bias Current 



450 

530 


450 

630 

nA 


Input Voltage Range 


2.9 

3.1 


2.9 

3.1 


V 




0.1 

-0.1 


0.1 

-0.1 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0.1V to 2.9V 

89 

108 


85 

108 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.6V to 12.5V 

95 

114 


92 

114 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R L = 500ft 

100 

600 


100 

600 


V/mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.20 

4.33 


4.20 

4.33 


V 


(Note 4) 

Output High, Isource = 1mA 

4.10 

4.24 


4.10 

4.24 


V 



Output High, Isource = 20mA 

3.70 

3.89 


3.70 

3.89 


V 



Output Low, No Load 


0.006 

0.009 


0.006 

0.009 

V 



Output Low, Isink = 1 mA 


0.035 

0.055 


0.035 

0.055 

V 



Output Low, Isink = 20mA 


0.500 

0.725 


0.500 

0.725 

V 

Is 

Supply Current Per Amplifier 


3.3 

5.2 

7.5 

3.3 

5.2 

7.5 

mA 


Vs = 5V, Vcm = 0.5V, Vqut = 0.5V, -40°C < T A < 85°C, unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AC 

TYP 

MAX 

LT1215C/LT1216C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



200 

400 


250 

600 

mV 

AVqs 

Input Offset Voltage Drift 

8-Pin DIP Package 


1 

2.5 


2 

5 

|iV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





3 

10 

piV/°C 

•os 

Input Offset Current 



35 

110 


35 

150 

nA 

•b 

Input Bias Current 



450 

550 


450 

650 

nA 


Input Voltage Range 


2.8 

3.0 


2.8 

3.0 


V 




0.2 

0 


0.2 

0 


V 

CMRR 

Common-Mode Rejection Ratio 

V C m = 0.2V to 2.8V 

88 

108 


84 

108 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.7V to 12.5V 

94 

114 


91 

114 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R l = 500ft 

100 

600 


100 

600 


V/mV 


Maximum Output Voltage Swing 

Output High, No Load 

4.10 

4.30 


4.10 

4.30 


V 


(Note 4) 

Output High, Isource = 1mA 

4.00 

4.16 


4.00 

4.16 


V 



Output High, Isource = 20mA 

3.60 

3.82 


3.60 

3.82 


V 



Output Low, No Load 


0.006 

0.010 


0.006 

0.010 

V 



Output Low, Isink = 1m A 


0.035 

0.060 


0.035 

0.060 

V 



Output Low, Isink = 20mA 


0.500 

0.750 


0.500 

0.750 

V 

Is 

Supply Current Per Amplifier 


2.9 

5.3 

7.6 

2.9 

5.3 

7.6 

mA 


uvm 
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LT1215/LT1216 


5V ELECTRICAL CHARACTERISTICS 


Vs = 5V, Vcm = 0.5V, Vqut = 0.5V, -55°C < T A < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AM 

TYP 

MAX 

MIN 

LT1215M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



250 

450 


350 

750 

mV 

AVqs 

Input Offset Voltage Drift 



1 

2.5 


2 

5 

|iV/°C 

AT 

(Note 3) 









los 

Input Offset Current 



35 

150 


35 

200 

nA 

>B 

Input Bias Current 



450 

600 


450 

700 

nA 


Input Voltage Range 


2.8 

3.0 


2.8 

3.0 


V 




0.4 

0.2 


0.4 

0.2 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0.4V to 2.8V 

87 

108 


82 

108 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 2.7V to 12.5V 

93 

114 


90 

114 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 = 0.05V to 3.7V, R l = 500Q 

50 

100 


50 

100 


V/m V 


Maximum Output Voltage Swing 

Output High, No Load 

4.00 

4.20 


4.00 

4.20 


V 


(Note 4) 

Output High, I S ource= 1mA 

3.90 

4.10 


3.90 

4.10 


V 



Output High, Isource = 

3.50 

3.80 


3.50 

3.80 


V 



Output Low, No Load 


0.007 

0.012 


0.007 

0.012 

mV 



Output Low, Isink = 1mA 


0.040 

0.070 


0.040 

0.070 

mV 



Output Low, Isink = 20mA 


0.700 

1.000 


0.700 

1.000 

mV 

Is 

Supply Current Per Amplifier 


2.3 

5.5 

8.4 

2.3 

5.5 

8.4 

mA 


tisv electrical characteristics 


Vs = ±15V, Vcm = 0V, Vqut = OV, T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1215AC 
LT1215AM 
MIN TYP 

MAX 

LT1215C/LT1215M 

LT1216C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



225 

500 


250 

650 

mV 

los 

Input Offset Current 



30 

80 


30 

110 

nA 

•b 

Input Bias Current 



360 

500 


360 

550 

nA 


Input Voltage Range 


13.0 

13.2 


13.0 

13.2 


V 




-15.0 

-15.2 


-15.0 

-15.2 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -15V to 13V 

90 

108 


86 

108 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±1 8V 

96 

110 


93 

110 


dB 

Avol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R l = 2k 

1000 

3500 


1000 

3500 


V/ mV 


Maximum Output Voltage Swing 

Output High, (source = 30mA 

13.5 

13.75 


13.5 

13.75 


V 



Output Low, Isink = 30mA 

-14 

-14.4 


-14 

-14.4 


V 

lo 

Maximum Output Current 

(Note 9) 

±30 

±50 


±30 

±50 


mA 

SR 

Slew Rate 

A v = -2 (Note 6) 

40 

50 


40 

50 


V/|js 

GBW 

Gain-Bandwidth Product 

f = 100kHz 

15 

23 


15 

23 


MHz 

Is 

Supply Current Per Amplifier 


3.6 

5.7 

8 

3.6 

5.7 

8 

mA 


Channel Separation 

V o = ±10V, R l = 2k 

128 

140 


128 

140 


dB 


Minimum Supply Voltage 

Equal Split Supplies 


±1.7 

±2 


±1.7 

±2 

V 


Full-Power Bandwidth 

A v = 1 , V 0 = 20Vp. P 

750 

750 

kHz 


Settling Time 

0.01 %, A v = 1 , AV 0 = 1 0V 

480 

480 

ns 


2-196 


jrwrn 





LT1215/LT1216 


±15V ELECTRICAL CHARACTERISTICS 


Vs = ±15V, Vqm = OV, Vqut = OV, 0°C < Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AC 

TYP 

MAX 

LT1 21 5C/LT1 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



325 

550 


400 

750 

mV 

AVqs 

Input Offset Voltage Drift 

8-Pin DIP Package 


1 

2.5 


2 

5 

jhV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





3 

10 

nV/°C 

•os 

Input Offset Current 



30 

100 


30 

130 

nA 

•b 

Input Bias Current 



360 

530 


360 

580 

nA 


Input Voltage Range 


12.9 

13.1 


12.9 

13.1 


V 




-14.9 

-15.1 


-14.9 

-15.1 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -14.9V to 12.9V 

89 

108 


85 

108 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.1 V to ±1 8V 

95 

110 


92 

110 


dB 

Avol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R l = 2k 

800 

3000 


800 

3000 


V/mV 


Maximum Output Voltage Swing 

Output High, Isource = 20mA 

13.7 

13.9 


13.7 

13.9 


V 



Output Low, Isink = 20mA 

-14.2 

-14.5 


-14.2 

-14.5 


V 

•s 

Supply Current Per Amplifier 


3.3 

6.3 

9.2 

3.3 

6.3 

9.2 

mA 


Vs = ±15V, V C m = OV, Vqut = OV, -40°C < T A < 85°C, unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AC 

TYP 

MAX 

LT1 21 5C/LT1 21 6C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



325 

600 


400 

800 

mV 

AVos 

Input Offset Voltage Drift 

8-Pin DIP Package 


1 

2.5 


2 

5 

mV/°C 

AT 

(Note 3) 

14-Pin DIP, SOIC Package 





3 

10 

mV/°C 

•os 

Input Offset Current 



30 

110 


30 

140 

nA 

>B 

Input Bias Current 



360 

550 


360 

600 

nA 


Input Voltage Range 


12.8 

13.0 


12.8 

13.0 


V 




-14.8 

-15.0 


-14.8 

-15.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -14.8V to 12.8V 

88 

108 


84 

108 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.2V to ±1 8V 

94 

110 


91 

110 


dB 

Avol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R l = 2k 

800 

2500 


800 

2500 


V/mV 


Maximum Output Voltage Swing 

Output High, Isource = 20mA 

13.6 

13.8 


13.6 

13.8 


V 



Output Low, Isink = 20mA 

-14.1 

-14.5 


-14.1 

-14.5 


V 

•s 

Supply Current Per Amplifier 


2.9 

6.5 

9.5 

2.9 

6.5 

9.5 

mA 


Vs = +15V, Vcm = OV, Vqut = OV, -55°C < T A < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

i 

MIN 

LT1215AM 

TYP 

MAX 

MIN 

LT1215M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



350 

650 


500 

950 

mV 

AVqs 

Input Offset Voltage Drift 



1 

2.5 


2 

5 

pV/°C 

AT 

(Note 3) 









•os 

Input Offset Current 



30 

150 


30 

200 

nA 

•b 

Input Bias Current 



360 

600 


360 

700 

nA 


Input Voltage Range 


12.8 

13.0 


12.8 

13.0 


V 




-14.6 

-14.8 


-14.6 

-14.8 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = -14.6V to 12.8V 

87 

108 


82 

108 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.2V to±15V 

93 

110 


90 

110 


dB 

Avol 

Large-Signal Voltage Gain 

V o = 0Vto±10V, R l = 2k 

500 

2000 


500 

2000 


V/mV 


Maximum Output Voltage Swing 

Output High, Isource = 20mA 

13.4 

13.8 


13.4 

13.8 


V 



Output Low, Isink = 20mA 

-14 

-14.5 


-14 

-14.5 


V 

•s 

Supply Current Per Amplifier 


2.3 

7 

10.3 

2.3 

7 

10.3 

mA 


uvm 
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LT1215/LT1216 


3.3V €l€CTRICRl CHARACTERISTICS 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, Ta = 25°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AC 

LT1215AM 

TYP MAX 

LT1 21 5C/LT1 21 5M 
LT1216C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


I 125 300 | 


150 

450 

RV 


Input Voltage Range (Note 8) 


1.3 

1.5 

1.3 

1.5 


V 




0 

-0.2 

0 

-0.2 


V 


Maximum Output Voltage Swing 

Output High, No Load 

2.60 

2.69 

2.60 

2.69 


V 



Output High, Isource = 1 mA 

2.50 

2.60 

2.50 

2.60 


V 



Output High, Isource = 30mA 

1.90 

2.05 

1.90 

2.05 


V 



Output Low, No Load 


0.005 0.008 


0.005 

0.008 

V 



Output Low, Isink = 1mA 


0.035 0.050 


0.035 

0.050 

V 



Output Low, Isink = 30mA 


0.700 1.000 


0.700 

1.000 

V 

•o 

Maximum Output Current 


±30 

±50 

±30 

±50 


mA 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, 0°C < T A < 70°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AC 

TYP 

MAX 

LT1 21 5C/LT1 21 6C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



200 

350 


250 

550 

mV 


Input Voltage Range (Note 8) 


1.2 

1.4 


1.2 

1.4 


V 




0.1 

-0.1 


0.1 

-0.1 


V 


Maximum Output Voltage Swing 

Output High, No Load 

2.50 

2.63 


2.50 

2.63 


V 



Output High, Isource = 1mA 

2.40 

2.54 


2.40 

2.54 


V 



Output High, Isource = 20mA 

2.00 

2.19 

I 

2.00 

2.19 


V 



Output Low, No Load 


0.006 

0.009 


0.006 

0.009 

V 



Output Low, Isink = 1m A 


0.035 

0.055 


0.035 

0.055 

V 



Output Low, Isink = 20mA 


0.500 

0.725 


0.500 

0.725 

V 


Vs = 3.3V, Vcm = 0.5V, Vqut = 0.5V, -40°C < T A < 85°C, unless otherwise noted. (Note 5, 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1215AC 

MIN TYP MAX 

LT1 21 5C/LT1 21 6C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


200 400 

250 600 

mV 


Input Voltage Range (Note 8) 


1.1 1.3 

1.1 1.3 

V 




0.2 0 

0.2 0 

V 


Maximum Output Voltage Swing 

Output High, No Load 

2.40 2.50 

2.40 2.50 

V 



Output High, Isource = 1mA 

2.30 2.46 

2.30 2.46 

V 



Output High, Isource = 20mA 

1.90 2.12 

1.90 2.12 

V 



Output Low, No Load 

0.006 0.010 

0.006 0.010 

V 



Output Low, Isink = 1mA 

0.035 0.060 

0.035 0.060 

V 



Output Low, Isink = 20mA 

0.500 0.750 

0.500 0.750 

V 


V s = 3.3V, V C m = 0.5V, V 0U t = 0.5V, -55°C < T A < 125°C, unless otherwise noted. (Note 7) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1215AM 

TYP 

MAX 

MIN 

LT1215M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



250 

450 


350 

750 

nV 


Input Voltage Range (Note 8) 


1.1 

1.3 


1.1 

1.3 


V 




0.4 

0.2 


0.4 

0.2 


V 


Maximum Output Voltage Swing 

Output High, No Load 

2.30 

2.50 


2.30 

2.50 


V 



Output High, Isource = 1mA 

2.20 

2.40 


2.20 

2.40 


V 



Output High, Isource = 20mA 

1.80 

2.10 


1.80 

2.10 


V 



Output Low, No Load 


0.007 

0.012 


0.007 

0.012 

V 



Output Low, Isink = 1 mA 


0.040 

0.070 


0.040 

0.070 

V 



Output Low, Isink = 20mA 


0.700 

1.000 


0.700 

1.000 

V 
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LT1215/LT1216 


€l€CTRICRl CHRRRCTCRISTICS 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Note 2: Tj is calculated from the ambient temperature Ta and power 
dissipation P D according to the following formulas: 

LT1 21 5MJ8, LT1 21 5AMJ8: Tj = T A + (Pd x 1 00°C/W) 
LT1215CN8, LT1215ACN8: Tj = T A + (P D x 100°C/W) 

LT1 21 5CS8: Tj = T A + (P D x 1 50°C/W) 

LT1216CN: Tj = T A + (P D x 70°C/W) 

LT1216CS: Tj = T A + (P D x 100°C/W) 

Note 3: This parameter is not 100% tested. 

Note 4: Guaranteed by correlation to 3.3 V and ±15V tests. 


Note 5: The LT1215/LT1216 are not tested and are not quality-assurance 
sampled at -40°C and at 85°C. These specifications are guaranteed by 
design, correlation and/or inference from -55°C, 0°C, 25°C, 7 0°C and/or 
125°C tests. 

Note 6: Slew rate is measured between ±8.5V on an output swing of ±10V 
on ±1 5V supplies. 

Note 7: Most LT121 5/LT1 216 electrical characteristics change very little 
with supply voltage. See the 5 V tables for characteristics not listed in the 
3.3V table. 

Note 8: Guaranteed by correlation to 5 V and ±15V tests. 

Note 9: Guaranteed by correlation to 3.3 V tests. 


tvpicri P€RFonmnnc€ chrrrctcristics 


Distribution of Offset Voltage Drift 

Distribution of Input Offset Voltage with Temperature Distribution of Input Offset Voltage 



INPUT OFFSET VOLTAGE (|iV) OFFSET VOLTAGE DRIFT WITH TEMPERATURE (piV/°C) INPUT OFFSET VOLTAGE (|tV) 


Distribution of Input Offset Voltage 



-525 -375 -225 -75 75 225 375 525 

INPUT OFFSET VOLTAGE ftiV) 

1215/16 G07 


Distribution of Offset Voltage Drift 
with Temperature 



OFFSET VOLTAGE DRIFT WITH TEMPERATURE (nW°C) 

1215/16 G08 


Distribution of Input Offset 
Voltage 



INPUT OFFSET VOLTAGE (jxV) 

1215/16 G09 


rruimi 
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LT1215/LT1216 


LT1215/LT1216 
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SOOmWDIV 20mV/DIV 20mV/DIV 


LT1215/LT1216 

TVPICRl P€RFORmnnC€ CHRRRCTCRISTICS 


5V Small-Signal Response 5V Large-Signal Response 5V Large-Signal Response 



50ns/DIV 200ns/DIV lOOns/DIV 

V S = 5V V s = 5V V S = 5V 

Ay = 1 1215/16 G34 Ay = 1 1215/16 G28 Ay = “1 

R F = R G = Ik 

Cp = 20pF 1215/16 G31 


±15V Small-Signal Response ±15V Large-Signal Response ±15V Large-Signal Response 



50ns/DIV 


V S = ±15V 

200ns/DIV 


V s = ±1 5V 

200ns/DIV 


1215/16 G34 

Ay = 1 


1215/16 G29 

Ay = -1 

R F = R G = Ik 



Settling Time to 0.01% 

5V Settling ±15V Settling vs Output Step 



200 300 400 500 

SETTLING TIME (ns) 
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LT1215/LT1216 


TVPicm P€RFORmnnc€ chrrrctcristics 


Supply Current vs Supply Votage 



SUPPLY VOLTAGE (V) 


Supply Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1215/16 602 



, 2 o I I I I 1 1 1 I I I 1 

0 20 40 60 80 100 120 140 160 180 200 


TIME AFTER POWER-UP (SEC) 


Input Bias Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1215/16 G37 


Input Bias Current vs 
Common-Mode Voltage 



COMMON-MODE VOLTAGE (V) 

1215/16 638 


Common-Mode Range 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1215/16 G39 


Input Noise Current, Noise Common-Mode Rejection Ratio 

Voltage Density vs Frequency vs Frequency 



Input Referred Power Supply 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


/rum®. 

TECHNOLOGY 
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LT1215/LT1216 

flppucnTions mroRmnnon 

Supply Voltage 

The LT1215/LT1216 op amps are fully functional and all 
internal bias circuits are in regulation with 2.2 V of supply. 
The amplifiers will continue to function with as little as 
1.5V, although the input common-mode range and the 
phase margin are about gone. The minimum operating 
supply voltage is guaranteed by the PSRR tests which are 
done with the input common mode equal to 500mV and a 
minimum supply voltage of 2.5V. The LT1 21 5/LT 1 21 6 are 
guaranteed over the full -55°C to 125°C range with a 
minimum supply voltage of 2.7V. 

The positive supply pin of the LT1215/LT1 216 should be 
bypassed with a small capacitor (about O.OIjoF) within an 
inch of the pin. When driving heavy loads and for good 
settling time, an additional 4.7pF capacitor should be 
used. When using split supplies, the same is true for the 
negative supply pin. 

Power Dissipation 

The LT1215/LT1216 amplifiers combine high speed and 
large output current drive into very small packages. Be- 
cause these amplifiers work over a very wide supply range, 
it is possible to exceed the maximum junction temperature 
under certain conditions. To insure that the LT1215/ 
LT1 21 6 are used properly, calculate the worst case power 
dissipation, define the maximum ambient temperature, 
select the appropriate package and then calculate the 
maximum junction temperature. 

The worst case amplifier power dissipation is the total of 
the quiescent current times the total power supply voltage 
plus the power in the 1C due to the load. The quiescent 
supply current of the LT1215/LT121 6 has a positive tem- 
perature coefficient. The maximum supply current of each 
amplifier at 125°C is given by the following formula: 

Ismax = 8.4 + 0.076 x (V$ - 5) in mA 
Vs is the total supply voltage. 

The power in the 1C due to the load is a function of the 
output voltage, the supply voltage and load resistance. The 
worst case occurs when the output voltage is at half 
supply, if it can go that far, or its maximum value if it 
cannot reach half supply. 


For example, calculate the worst case power dissipation 
while operating on ±1 5 V supplies and driving a 500Q load. 

Ismax = 8-4 + 0.076 x (30 - 5) = 10.3mA 
Pdmax = 2 x Vs x Ismax + (Vs - Vomax) x Vomax/Rl 
Pdmax = 2 x 1 5V x 1 0.3mA + (1 5V - 7.5V) x 7.5V/500 
= 0.309 + 0.113 = 0.422 Watt per Amp 

If this is the dual LT1 21 5, the total power in the package is 
twice that, or 0.844W. Now calculate how much the die 
temperature will rise above the ambient. The total power 
dissipation times the thermal resistance of the package 
gives the amount of temperature rise. Forthis example, in 
the SO-8 surface mount package, the thermal resistance is 
150°C/W junction-to-ambient in still air. 

Temperature Rise = Pdmax x Oja =0.844W x 150°C/W 
= 126.6°C 

The maximum junction temperature allowed in the plastic 
package is 150°C. Therefore the maximum ambient al- 
lowed is the maximum junction temperature less the 
temperature rise. 

Maximum Ambient = 150°C - 126.6°C = 23.4°C 

That means the S08 dual can only be operated at or below 
room temperature on ±15V supplies with a 5000 load. 
Obviously this is not recommended. Lowering the supply 
voltage is recommended, or use the DIP packaged part. 

As a guideline to help in the selection of the LT1215/ 
LT1 21 6, the following table describes the maximum sup- 
ply voltage that can be used with each part based on the 
following assumptions: 

1 . The maximum ambient is 70°C or 1 25°C depending 
on the part rating. 

2. The load is 5000, includes the feedback resistors. 

3. The output can be anywhere between the supplies. 


PART 

MAX SUPPLIES 

MAX POWER AT MAX T a 

LT1215MJ8 

15.0V or ±10.3 V 

500mW 

LT1215CN8 

20.3V or ±1 4.5V 

800mW 

LT1215CS8 

15.7V or ±1 0.8V 

533mW 

LT1216CN 

16.4V or ±1 1.4V 

1143mW 

LT1216CS 

13.0V or±8.7V 

800mW 
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LT1215/LT1216 


fippucnnons mFORmmion 

Inputs 

Typically at room temperature, the inputs of the LT1215/ 
LT1216 can common mode 400mV below ground (V~) 
and to within 1 ,5V of the positive supply with the amplifier 
still functional. However the input bias current and offset 
voltage will shift as shown in the characteristic curves. For 
full precision performance, the common-mode range 
should be limited between ground (V~) and 2 V below the 
positive supply. 

When either of the inputs is taken below ground (V~) by 
more than about 700mV, that input current will increase 
dramatically. The current is limited by internal 1 0OO 
resistors between the input pins and diodes to each 
supply. The output will remain low (no phase reversal) for 
inputs 1 ,3V below ground (V - ). If the output does not have 
to sink current, such as in a single supply system with a 1 k 
load to ground, there is no phase reversal for inputs up to 
8V below ground. 

There are no clamps across the inputs of the LT1215/ 
LT1216 and therefore each input can be forced to any 
voltage between the supplies. The input current will re- 
main constant at about 360nA over most of this range. 
When an input gets closer than 2V to the positive supply, 
that input current will gradually decrease to zero until the 
input goes above the supply, then it will increase due to the 
previously mentioned diodes. If the inverting input is held 
more positive than the noninverting input by 200mV or 
more, while at the same time the noninverting input is 
within 300mV of ground (V - ), then the supply current will 
increase by 5mA and the noninverting input current will 
increase to about 100pA. This should be kept in mind in 
comparator applications where the inverting input stays 
above ground (V - ) and the noninverting input does not. 

Output 

The output of the LT1215/LT1216 will swing to within 
0.61V of the positive supply with no load. The open-loop 
output resistance, when the output is driven hard into the 
positive rail, is about lOOQas the output starts to source 


current; this resistance drops to about 200 as the current 
increases. Therefore when the output sources 1mA, the 
output will swing to within 0.7 V of the positive supply. 
While sourcing 30mA, it is within 1.25V of the positive 
supply. 

The output of the LT1 21 5/LT 1 21 6 will swing to within 5mV 
of the negative supply while sinking zero current. Thus, in 
a typical single supply application with the load going to 
ground, the output will go to within 5mV of ground. The 
open-loop output resistance when the output is driven 
hard into the negative rail is about 25£2at low currents and 
red uces to about 21 £2 at high currents. Therefore when the 
output sinks 1mA, the output is about 30mV above the 
negative supply and while sinking 30mA, it is about 
630mV above it. 

The output of the LT1215/LT1216 has reverse-biased 
diodes to each supply. If the output is forced beyond either 
supply, unlimited currents will flow. If the current is 
transient and limited to several hundred mA, no damage 
will occur. 

Feedback Components 

Because the input currents of the LT 1 21 5/LT1 21 6 are less 
than 600nA, it is possible to use high value feedback 
resistors to set the gain. However, care must be taken to 
insure that the pole that is formed by the feedback resis- 
tors and the input capacitance does not degrade the 
stability of the amplifier. For example, if a single supply, 
noninverting gain of two is set with two 1 0k resistors, the 
LT1 21 5/LT1 216 will probably oscillate. This is because 
the amplifier goes open-loop at 7MHz (6dB of gain) and 
has 50° of phase margin. The feedback resistors and the 
1 0pF input capacitance generate a pole at 3MHz that 
introduces 67° of phase shift at 7MHz! The solution is 
simple, lower the values of the resistors or add a feedback 
capacitor of lOpF or more. 
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nppucnnons mFonmnnon 

Comparator Applications 

Sometimes it is desirable to use an op amp as a compara- 
tor. When operating the LT1 21 5/LT 1 21 6 on a single 3.3V 
or 5V supply, the output interfaces directly with most TTL 
and CMOS logic. 

The response time of the LT1215/LT1216 is a strong 
function of the amount of input overdrive as shown in the 


LT1215 Comparator Response (+) 
20mV, lOmV, 5mV, 2mV Overdrives 



r l =~ 


following photos. These amplifiers are unity-gain stable 
op amps and not fast comparators, therefore, the logic 
being driven may oscillate due to the long transition time. 
The output can be speeded up by adding 20mV or more of 
hysteresis (positive feedback), but the offset is then a 
function of the input direction. 


LT1215 Comparator Response (-) 
20mV, lOmV, 5mV, 2mV Overdrives 



r l =~ 


simpuFKD scHemnnc 
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TVPicni nppucflTions 

Single Supply, AC Coupled Input, RMS Calibrated, Average Detector 

AC TO DC BIASED DIFFERENTIAL INPUT, DC 0UTPUT VOLTAGE vs AC INPUT VOLTAGE 



22pF 


LT1216 Photo Diode Amplifier 


TRANSIENT RESPONSE 
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F€RTUR€S 

■ 140MHz Bandwidth: Ay = 2, R L = 150Q 

■ 1 1 00 V/jas Slew Rate 

■ Low Cost 

■ 30mA Output Drive Current 

■ 0.01% Differential Gain 

■ 0.01° Differential Phase 

■ High Input Impedance: 14MT2, 3pF 

■ Wide Supply Range: ±2V to ±15V 

■ Shutdown Mode: Is < 250pA 

■ Low Supply Current: Is = 10mA 

■ Inputs Common Mode to Within 1 .5 V of Supplies 

■ Outputs Swing Within 0.8V of Supplies 

RPPUCRTIORS 

■ Video Amplifiers 

■ Cable Drivers 

■ RGB Amplifiers 

■ Test Equipment Amplifiers 

■ 50£2 Buffers for Driving Mixers 


140MHz Video Current 
Feedback Amplifier 

DCSCRIPTIOn 

The LT1227 is a current feedback amplifier with wide 
bandwidth and excellent video characteristics. The low 
differential gain and phase, wide bandwidth, and 30mA 
output drive current make the LT 1 227 well suited to drive 
cables in video systems. 

A shutdown feature switches the device into a high imped- 
ance, low current mode, allowing multiple devices to be 
connected in parallel and selected. Input to output isola- 
tion in shutdown is 70dB at 1 0MHzfor input amplitudes up 
to lOVp.p. The shutdown pin interfaces to open collector 
or open drain logic and takes only 4ps to enable or disable. 

The LT1227 comes in the industry standard pinout and 
can upgrade the performance of many older products. For 
a dual or quad version, see the LT1 229/1 230 data sheet. 

The LT1227 is manufactured on Linear Technology’s 
proprietary complementary bipolar process. 


TVPICRL RPPUCRTIOR 


Video Cable Driver 



Differential Gain and Phase 
vs Supply Voltage 
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absolute mnximum RBTincs 


Supply Voltage ±1 8 V 

Input Current ±15mA 

Output Short Circuit Duration (Note 1) Continuous 

Operating Temperature Range 

LT1227C 0 C to 70 C 

LT1227M -55 C to 125 C 

Storage Temperature Range -65°C to 150°C 

Junction Temperature 

Plastic Package 150°C 

Ceramic Package 175°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRGC/ORD6R IRFORmRIIOR 
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TOP VIEW 
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T\ OUT 

U NULL 

ORDER PART 
NUMBER 

LT1227MJ8 

LT1227CN8 

J8 PACKAGE N8 PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

TjMAX = 175°C,e JA = 100°C/W(J) 

Tjmax = 150°C, e JA = 100°C/W (N) 



TOP VIEW 


LT1227CS8 

NULL [I 



T\ SHUTDOWN 

-inU 



3 v* 

S8 PART MARKING 

+IN [T 



6] OUT 


V "E 



Tj NULL 

1227 


S8 PACKAGE 



8-LEAD PLASTIC SO 


Tjmax 

= 150°C,e JA = 150 o C/W 



Consult factory for Industrial grade parts. 


€l€CTRICRl CHRRRCTCRISTICS Vcm = 0, ±5V < V s <±15V, pulse tested, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

Ta = 25°C 


±3 ±10 

mV 




• 

±15 

mV 


Input Offset Voltage Drift 


• 

10 

pV/°C 

l|N+ 

Noninverting Input Current 

Ta = 25°C 


±0.3 ±3 

pA 



_ .... _ - _ 


±10 

pA 

l|N" 

Inverting Input Current 

T a = 25°C 


±10 +60 

pA 




• 

±100 

pA 

e n 

Input Noise Voltage Density 

f = 1kHz, R F = Ik, R g = 10 ft, R s = 0 Q 


3.2 

nV/VHz 

+l n 

Noninverting Input Noise Current Density 

f = 1 kHz 


1.7 

pA/VHz 

"in 

Inverting Input Noise Current Density 

f = 1kHz 


32 

pAA/Hz 

Rin 

Input Resistance 

V||\| = ±13V, V s = ±15V 

• 

1.5 14 

MQ 



Vim = ±3V, V s = ±5V 

• 

1.5 11 

m 

C|N 

Input Capacitance 



3 

PF 


Input Voltage Range 

V s = ±15V, T a = 25°C 


±13 ±13.5 

V 




• 

±12 

V 



V s = ±5V, T a = 25°C 


±3 ±3.5 

V 




• 

±2 

V 

CMRR 

Common-Mode Rejection Ratio 

V s = ±15V, V CM = ±13V, T A = 25°C 


55 62 

dB 



V s = ±15V,V C m = ±12V 

• 

55 

dB 



V s = ±5V, V C M = ±3V, T a = 25°C 


55 61 

dB 



V s = ±5V, V C m = ±2V 

• 

55 

dB 


Inverting Input Current 

V s = ±1 5V, V C m = ±13V,T a = 25°C 


3.5 10 

pA/V 


Common-Mode Rejection 

V s = ±1 5V, V cm = ±12V 

• 

10 

pA/V 



V s = ±5V, V CM = ±3V, T a = 25°C 


4.5 10 

pA/V 



V s = ±5V,V CM = ±2V 

• 

10 

pA/V 
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LT1227 


ELECTRICAL CHARACTERISTICS Vcm = 0, ±5V < V s <±15V, pulse tested, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS i 

MIN TYP MAX 

UNITS 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±1 5V, T A = 25°C 


60 80 

dB 



V S = ±3V to±15V 

• 

60 

dB 


Noninverting Input Current 

V s = ±2V to ±1 5V, T A = 25°C 


2 50 

nA/V 


Power Supply Rejection 

V s = ±3V to ±15V 

• 

50 

nA/V 


Inverting Input Current 

V S = ±2V to ±1 5V, T A = 25°C 


0.25 5 

pA/V 


Power Supply Rejection 

V s = ±3V to ±1 5V 

• 

5 

(oA/V 

Av 

Large-Signal Voltage Gain 

V s = ±1 5V, V 0 ut = ±1 OV, R L = 1 k 

• 

55 72 

dB 



V s = ±5V, Vqut = ±2V, R L = 1 50Q 

• 

55 72 

dB 

Rol 

Transresistance, AVout/AIin- 

V s = ±1 5V, V 0U T = ±1 OV, R L = Ik 

• 

100 270 

kQ 



V s = ±5V, Vqut = ±2V, R L = 1 500 

• 

100 240 

kQ 

VoUT 

Maximum Output Voltage Swing 

V s = ±1 5V, R L = 400Q,T A = 25°C 


±12 ±13.5 

V 




• 

±10 

V 



V s = ±5V, R l = 150Q,T a = 25°C 


±3 ±3.7 

V 




• 

±2.5 

V 

•out 

Maximum Output Current 

R l = OQ, T a = 25°C 


30 60 

mA 

Is 

Supply Current (Note 2) 

V s = ±1 5V, V 0 ut = OV, T A = 25°C 


10 15.0 

mA 




• 

17.5 

mA 


Positive Supply Current, Shutdown 

V s = ±15V, Pin 8 Voltage = OV, T A = 25°C 


120 300 

pA 




• 

500 

ma 

>8 

Shutdown Pin Current (Note 3) 

V s = ±1 5V 

• 

300 

pA 


Output Leakage Current, Shutdown 

V s = ±15V, Pin 8 Voltage = OV, T A = 25°C 


10 

pA 

SR 

Slew Rate (Notes 4 and 5) 

T a = 25°C 


500 1100 

V/(iS 

tr.tf 

Rise and Fall Time, Vout = 1Vp.p 

V s = ±5V, R F = Ik, R G = 1 k, R l = 150Q 


8.7 

ns 

BW 

Small-Signal Bandwidth 

V s = ±1 5V, R F = 1 k, R G = 1 k, R l = 1 50Q 


140 

MHz 

tr.tf 

Small-Signal Rise and Fall Time 

V s = ±15V, R f = Ik, R g = Ik, R l = 100Q 


3.3 

ns 


Propagation Delay 

V s = ±1 5 V, R f = 1 k, R g = 1 k, R l = 1 0OQ 


3.4 

ns 


Small-Signal Overshoot 

V s = ±15V, R F = Ik, R g = Ik, r l = mn 


5 

% 

ts 

Settling Time 

0.1%, Vout = 10V, R f = Ik, R g = Ik, R l = Ik 


50 

ns 


Differential Gain (Note 6) 

V s = ±1 5V, R f = 1 k, R g = 1 k, R l = 1 500 


0.014 

% 



V S = ±15V, R F =1k, R g = 1 k, R L = Ik 


0.010 

% 


Differential Phase (Note 6) 

V s = ±15V, R f = Ik, R g = Ik, R L = 1500 


0.010 

DEG 



V s = ±1 5V, R F = Ik, R g = Ik, R L = 1 k 


0.013 

DEG 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: A heat sink may be required depending on the power supply 
voltage. 

Note 2: The supply current of the LT1227 has a negative temperature 
coefficient. For more information, see Typical Performance Characteristics 
curves. 

Note 3: Ramp pin 8 voltage down from 15V while measuring Is. When Is 
drops to less than 0.5mA, measure pin 8 current. 


Note 4: Slew rate is measured at ±5V on a ±10V output signal while 
operating on ±15V supplies with R f = 2k, R g = 220L2 and R|_ = 4000. 
Note 5: AC parameters are 100% tested on the ceramic and plastic DIP 
package parts (J and N suffix) and are sample tested on every lot of the 
SO packaged parts (S suffix). 

Note 6: NTSC composite video with an output level of 2 V. 
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typical pcRFonmnncc chrrrctcristics 


Maximum Capacitive Load 
vs Feedback Resistor 
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1000 i i vs-^y^ 


1 2 3 
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LT1227 • TPCIO 


Total Harmonic Distortion 
vs Frequency 
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-R F = Rg = 1k-4ft| - 


Maximum Undistorted Output 
vs Frequency 
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Input Common Mode Limit 
vs Temperature 
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Output Saturation Voltage 
vs Temperature 
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Spot Noise Voltage and Current 
vs Frequency 
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Output Short-Circuit Current 
vs Junction Temperature 
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The LT1227 is a very fast current feedback amplifier. 
Because it is a current feedback amplifier, the bandwidth 
is maintained over a wide range of voltage gains. The 
amplifier is designed to drive low impedance loads such as 
cables with excellent linearity at high frequencies. 

Feedback Resistor Selection 

The small-signal bandwidth of the LT1227 is set by the 
external feedback resistors and the internal junction ca- 
pacitors. As a result, the bandwidth is a function of the 
supply voltage, the value of the feedback resistor, the 
closed-loop gain and load resistor. The characteristic 
curves of Bandwidth vs Supply Voltage show the effect of 
a heavy load (100i2) and a light load (Ik). These curves 
use a solid line when the response has less than 0.5dB of 
peaking and a dashed line when the response has 0.5dB to 


5dB of peaking. The curves stop where the response has 
more than 5dB of peaking. 

At a gain of two, on ±15V supplies with a Ik feedback 
resistor, the bandwidth into a light load is over 140MHz, 
but into a heavy load the bandwidth reduces to 120MHz. 
The loading has this effect because there is a mild reso- 
nance in the output stage that enhances the bandwidth at 
light loads but has its Q reduced by the heavy load. This 
enhancement is only useful at low gain settlings; at a gain 
of ten it does not boost the bandwidth. At unity gain, the 
enhancement is so effective the value of the feedback 
resistor has very little effect. At very high closed-loop 
gains, the bandwidth is limited by the gain bandwidth 
product of about 1GHz. The curves show that the band- 
width at a closed-loop gain of 1 00 is 1 2MHz, only one tenth 
what it is at a gain of two. 
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Small-Signal Rise Time, Av = +2 



Capacitance on the Inverting Input 

Current feedback amplifiers require resistive feedback 
from the output to the inverting input for stable operation. 
Take care to minimize the stray capacitance between the 
output and the inverting input. Capacitance on the invert- 
ing input to ground will cause peaking in the frequency 
response (and overshoot in the transient response), but it 
does not degrade the stability of the amplifier. 

Capacitive Loads 

The LT1227 can drive capacitive loads directly when the 
proper value of feedback resistor is used. The graph of 
Maximum Capacitive Load vs Feedback Resistor should 
be used to select the appropriate value. The value shown 
is for 5dB peaking when driving a 1 k load at a gain of 2. This 
is a worst case condition, the amplifier is more stable at 
higher gains and driving heavier loads. Alternatively, a 
small resistor (lOfl to 20L2) can be put in series with the 
output to isolate the capacitive load from the amplifier 
output. This has the advantage that the amplifier band- 
width is only reduced when the capacitive load is present 
and the disadvantage that the gain is a function of the load 
resistance. 

Power Supplies 

The LT1 227 will operate from single or split supplies from 
±2 V (4V total) to ±15V (30V total). It is not necessary to 
use equal value split supplies, however the offset voltage 


and inverting input bias current will change. The offset 
voltage changes about 500^iV per volt of supply mis- 
match. The inverting bias current can change as much as 
5.0pA per volt of supply mismatch, though typically the 
change is less than 0.5pA per volt. 

Slew Rate 

The slew rate of a current feedback amplifier is not 
independent of the amplifier gain configuration the way 
slew rate is in a traditional op amp. This is because both the 
input stage and the output stage have slew rate limitations. 
In the inverting mode, and for higher gains in the 
noninverting mode, the signal amplitude between the 
input pins is small and the overall slew rate is that of the 
output stage. For gains less than ten in the noninverting 
mode, the overall slew rate is limited by the input stage. 

The input stage slew rate of the LT1 227 is approximately 
125V/ps and is set by internal currents and capacitances. 
The output slew rate is set by the value of the feedback 
resistors and the internal capacitances. At a gain of ten 
with a 1 k feedback resistor and ±1 5 V supplies, the output 
slew rate is typically 1 1 0OV/pis. Larger feedback resistors 
will reduce the slew rate as will lower supply voltages, 
similar to the way the bandwidth is reduced. 

The graph of Maximum Undistorted Output vs Frequency 
relates the slew rate limitations to sinusoidal inputs for 
various gain configurations. 


Large-Signal Transient Response, Ay = +10 
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Large-Signal Transient Response, Av = +2 



Large-Signal Transient Response, Av = -2 



Rp = Ik, R g = S10O, R l = 400S1 


Settling Time 

The characteristic curves show that the LT1227 amplifier 
settles to within 1 0mV of final value in 40ns to 55ns for any 
output step up to 1 0V. The curve of settling to 1 mV of final 
value shows that there is a slower thermal contribution up 
to 20ps. The thermal settling component comes from the 
output and the input stage. The output contributes just 
under ImV per volt of output change and the input 
contributes 300pV per volt of input change. Fortunately 
the input thermal tends to cancel the output thermal. For 
this reason the noninverting gain of two configuration 
settles faster than the inverting gain of one. 


Shutdown 

The LT1227 has a high impedance, low supply current 
mode which is controlled by pin 8. In the shutdown mode, 
the output looks like a 12pF capacitor and the supply 
current drops to approximately the pin 8 current. The 
shutdown pin is referenced to the positive supply through 
an internal pullup circuit (see the simplified schematic). 
Pulling a current of greater than 50pA from pin 8 will put 
the device into the shutdown mode. An easy way to force 
shutdown is to ground pin 8, using open drain (collector) 
logic. Because the pin is referenced to the positive supply, 
the logic used should have a breakdown voltage of greater 
than the positive supply voltage. No other circuitry is 
necessary as an internal JFET limits the pin 8 current to 
about lOOpA. When pin 8 is open, the LT1227 operates 
normally. 

Differential Input Signal Swing 

The differential input swing is limited to about ±6V by an 
ESD protection device connected between the inputs. In 
normal operation, the differential voltage between the 
input pins is small, so this clamp has no effect; however, 
in the shutdown mode, the differential swing can be the 
same as the input swing. The clamp voltage will then set 
the maximum allowable input voltage. To allow for some 
margin, it is recommended that the input signal be less 
than ±5V when the device is shutdown. 

Offset Adjust 

Pins 1 and 5 are provided for offset nulling. A small current 
to V + or ground will compensate for DC offsets in the 
device. The pins are referenced to the positive supply (see 
the simplified schematic) and should be left open if un- 
used. The offset adjust pins act primarily on the inverting 
input bias current. A 1 0k pot connected to pins 1 and 5 with 
the wiper connected to V + will null out the bias current, but 
will not affect the offset voltage much. Since the output 
offset is 

V 0 = Av*Vos + (Iin-)*Rf 

at higher gains (A v > 5), the Vos term will dominate. To null 
out the Vos term, use a 1 0k pot between pins 1 and 5 with 
a 150k resistor from the wiper to ground for 15V split 
supplies, 47k for 5V split supplies. 
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TYPICAL APPLICATION 

MUX Amplifier 

The shutdown function can be effectively used to con- 
struct a MUX amplifier. A two-channel version is shown, 
but more inputs could be added with suitable logic. By 
configuring each amplifier as a unity-gain follower, there 
is no loading by the feedback network when the amplifier 
is off. The open drains of the 74C906 buffers are used to 
interface the 5 V logic to the shutdown pin. Feedthrough 
from the unselected input to the output is -70dB at 
10MHz. The differential voltage between MUX inputs Vim 
and V|N 2 appears across the inputs of the shutdown 
device, this voltage should be less than +5V to avoid 
turning on the clamp diodes discussed previously. If the 
inputs are sinusoidal having a zero DC level, this implies 
that the amplitude of each input should be less than 
5Vp.p. The output impedance of the off amplifier remains 
high until the output level exceeds approximately 6Vp.p at 
1 0MHz, this sets the maximum usable output level. Switch- 
ing time between inputs is about 4ps without an external 
pullup. Adding a 10k pullup resistor from each shutdown 
pin to V + will reduce the switching time to 2ps but will 
increase the positive supply current in shutdown by 1 .5mA. 


MUX Amplifier 


15V 



MUX Output 



MUX Input Crosstalk vs Frequency 



2 
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TYPICAL APPLICATION 


Single Supply AC-Coupled Amplifier 
Noninverting 


Single Supply AC-Coupled Amplifier 
Inverting 


5V 



3.58MHz Oscillator 



CMOS Logic to Shutdown Interface 


15V 



5V 




Optional Offset Nulling circuit 


Rnull 
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/T'LinCAE LT1251/LT1256 

TECHNOLOGY 40MHz Video Fader and 
DC Gain Controlled Amplifier 


F€OTUR€S 

■ Accurate Linear Gain Control: ±1% Typ, ±3% Max 

■ Constant Gain with Temperature 

■ Wide Bandwidth: 40MHz 

■ High Slew Rate: 300V/ps 

■ Fast Control Path: 10MHz 

■ Low Control Feedthrough: 2.5mV 

■ High Output Current: 40mA 

■ Low Output Noise 

45nV/VRz at Ay = 1 
270nV/VHz at Ay = 100 

■ Low Distortion: 0.01% 

■ Wide Supply Range: ±2.5V to ± 15V 

■ Low Supply Current: 13mA 

■ Low Differential Gain and Phase: 0.02%, 0.02° 

nppucnnons 

■ Composite Video Gain Control 

■ RGB, YUV Video Gain Control 

■ Video Faders, Keyers 

■ Gamma Correction Amplifiers 

■ Audio Gain Control, Faders 

■ Multipliers, Modulators 

■ Electronically Tunable Filters 


DCSCRIPTIOn 

The LT1 251/LT1 256 are two-input, one-output, 40MHz 
current feedback amplifiers with a linear control circuit 
that sets the amount each input contributes to the output. 
These parts make excellent electronically controlled vari- 
able gain amplifiers, filters, mixers and faders. The only 
external components required are the power supply by- 
pass capacitors and the feedback resistors. Both parts 
operate on supplies from ±2.5V (or single 5V) to ±15V 
(or single 30V). 

Absolute gain accuracy is trimmed at wafer sort to mini- 
mize part-to-part variations. The circuit is completely 
temperature compensated. 

The LT1 251 includes circuitry that eliminates the need for 
accurate control signals around zero and full scale. For 
control signals of less than 2% or greater than 98%, the 
LT1251 sets one input completely off and the other 
completely on. This is ideal forfader applications because 
it eliminates off-channel feedthrough due to offset or gain 
errors in the control signals. 

The LT 1 256 does not have this on/off feature and operates 
linearly over the complete control range. The LT1256 is 
recommended for applications requiring more than 20dB 
of linear control range. 


TVPicni nppucnnon 


Two-Input Video Fader 



LT1256 

Gain Accuracy vs Control Voltage 
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rbsoiutc mnximum rrtirgs 


Total Supply Voltage (V + to V“) 36V 

Input Current ±15mA 

Input Voltage on Pins 3,4,5,10,11,12 V“to V + 

Output Short Circuit Duration (Note 1) Continuous 

Specified Temperature Range (Note 2) 0°C to 70°C 

Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 3) 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R inFORfTlRTIOn 



Consult factory for Industrial and Military grade parts. 


SIGRRL RmPLIFICR RC CHRRRCT6RISTICS 


0°C < T A < 70°C, V s = +5V, V| N = IVrms, f = 1kHz, A VMA x = 1, R F i = Rf 2 = 1-5k, V FS = 2.5V, l c = l F s = NULL = Open, Pins 5,10 = GND, 
unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

2% INI 

2% Input 1 Gain 

V c (Pin 3) = 0.05V LT1251 

LT1256 

• 

• 

0 0.1 

0.1 5.0 

% 

% 

1 0% 1 N 1 

10% Input 1 Gain 

V c (Pin 3) = 0.25V 

• 

7 13 

% 

20% INI 

20% Input 1 Gain 

V c (Pin 3) = 0.50V 

• 

17 23 

% 

30% INI 

30% Input 1 Gain 

V c (Pin 3) = 0.75V 

• 

27 33 

% 

40% INI 

40% Input 1 Gain 

V c (Pin 3) = 1.00V 

• 

37 43 

% 

50% INI 

50% Input 1 Gain 

V c (Pin 3) = 1.25V n 

• 

47 53 

% 

60% INI 

60% Input 1 Gain 

V c (Pin 3) = 1.50V 


57 63 

% 

70% INI 

70% Input 1 Gain 

V c (Pin 3) = 1.75V 


67 73 

% 

80% INI 

80% Input 1 Gain 

V c (Pin 3) = 2.00V 

r i~ 

77 83 

% 

90%IN1 

90% Input 1 Gain 

V c (Pin 3) = 2.25V 

• 

87 93 

% 

98% INI 

98% Input 1 Gain 

V c (Pin 3) = 2.45V LT1251 

LT1256 

• 

• 

99.9 100.0 

95.0 99.9 

% 

% 

2%IN2 

2% Input 2 Gain 

V c (Pin 3) = 2.45V LT1251 

LT1256 

• 

• 

0 0.1 

0.1 5.0 

% 

% 

10%IN2 

10% Input 2 Gain 

V c (Pin 3) = 2.25V 

• 

7 13 

% 

20%IN2 

20% Input 2 Gain 

V c (Pin 3) = 2.00V 


17 23 

% 

30%IN2 

30% input 2 Gain 

V c (Pin 3) = 1.75V 


27 33 

% 

40%IN2 

40% Input 2 Gain 

V c (Pin 3) = 1.50V 

• 

37 43 

% 

50%IN2 

50% Input 2 Gain 

V c (Pin 3) = 1.25V 

• 

47 53 

% 

60%IN2 

60% Input 2 Gain 

V c (Pin 3) = 1.00V 

• 

57 63 

% 

70%IN2 

70% Input 2 Gain 

V c (Pin 3) = 0.75V 

• 

67 73 

% 

80%IN2 

80% Input 2 Gain 

V c (Pin 3) = 0.50V 


77 83 

% 

90%IN2 

90% Input 2 Gain 

V c (Pin 3) = 0.25V 

• 

87 93 

% 

98%IN2 

98% Input 2 Gain 

V c (Pin 3) = 0.05V LT1251 

LT1256 

• 

• 

99.9 100.0 

95.0 99.9 

% 

% 
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LT1251/LT1256 


siGnni rripuficr rc chrrrctcristics 

0°C < T A < 70°C, V s = +5V, V| N = 1 V RMS , f = 1kHz, A VMA x = 1 , R F i = Rf 2 = 1 -5k, V FS = 2.5V, l c = Ifs = MULL = Open, Pins 5,10 = GND, 
unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 


Gain Supply Rejection 

V c = 1.25V, V s = ±5V to±15V 

• 

0.03 0.10 

%/V 


External Resistor Gain 

Pins 5,10 = Open, External 5k Resistors 

• 

45 55 

% 


50% Input 1 

from Pins 4,1 1 to Ground, Vc = 1 .25 V 




SR 

Slew Rate 

VlN = ±2.5V, V 0 at±2V, R L =150Q 

• 

150 300 

V/|as 


Control Feedthrough 

V c = 1 .25VDC + 2.5Vp. P at 1 kHz 


2.5 

mVp.p 


Full Power Bandwidth 

Vo = IVrms 


20 

MHz 

BW 

Small-Signal Bandwidth 

V s = ±5V 


30 

MHz 



V S = ±15V 


40 

MHz 


Differential Gain (Notes 4,5) 

Control = 0% or 100% 


0.02 

% 



Control = 25% or 75% 


0.90 

% 


Differential Phase (Notes 4,5) 

Control = 0% or 100% 


0.02 

DEG 



Control = 25% or 75% 


0.55 

DEG 

THD 

Total Harmonic Distortion 

Gain = 100% 


0.002 

% 



Gain = 50% 


0.015 

% 



Gain = 10% 


0.4 

% 

tr> tf 

Rise Time, Fall Time 

10% to 90%, V 0 = lOOmV 


11 

ns 

OS 

Overshoot 

V 0 = lOOmV 


3 

% 

tpD 

Propagation Delay 

V 0 = lOOmV 


10 

ns 

ts 

Settling Time 

0.1%, AV q = 2V 


65 

ns 


SIGRRL RRIPUFICR DC CHRRRCTCRISTICS 

0°C < T a < 70°C, V s = ±5V, V CM = ov, V FS = 2.5V, l c = l FS = NULL = Open, Pins 5,10 = GND, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Either Input 

• 


2 

5 

mV 



Difference Between Inputs 

• 

-3 

1 

3 

mV 


Input Offset Voltage Drift 



10 

^lV/°C 

l|N + 

Noninverting Input Bias Current 

Either Input 

• 

-2.5 

0.5 

2.5 

pA 

l||\f 

Inverting Input Bias Current 

Either Input 

• 

-30 

10 

30 

pA 



Difference Between Inputs 

• 

-1 

0.5 

1 

pA 


Inverting Input Bias Current Null Change 

Null (Pin 6) Open to V~ 

• 

-280 

-170 

-60 

PA 

e n 

Input Noise Voltage Density 

f = 1kHz 


2.7 

nV/VHz 

+ in 

Noninverting Input Noise Current Density 

f = 1kHz 


1.5 

pA/VHz 

- *n 

Inverting Input Noise Current Density 

f = 1kHz 


29 

pAA/Hz 

R||\l 

Input Resistance 

Either Noninverting Input 

• 

5 

17 


MD 

C|N 

Input Capacitance 

Either Noninverting Input 

• 

1.5 

PF 


Input Voltage Range 

V s = ±5V 

• 

±3 

±3.2 


V 



V S = 5V 

• 

2 


3 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM = ~3V to 3V 

• 

55 

61 


dB 



Vs = 5V, V C m = 2V to 3V, V 0 = 2.5V 

• 

50 

57 


dB 


Inverting Input Current Common-Mode Rejection 

V C M = ~3V to 3V 

• 


0.07 

0.25 

pA/V 



V S = 5V, V cm = 2V to 3V, V 0 = 2.5V 

• 


0.17 

0.70 

pA/V 

PSRR 

Power Supply Rejection Ratio 

V$ = ±5V to±15V 

• 

70 

76 


dB 


Noninverting Input Current Power Supply Rejection 

V S = ±5V to ± 1 5 V 

• 


30 

100 

nA/V 


Inverting Input Current Power Supply Rejection 

V S = ±5V to ±1 5 V i 

• 


30 

200 

nA/V 
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LT1251/LT1256 


SIGDRl RfflPUFICR DC CHRRRCT€RISTICS 

0°G < Ta < 70°C, Vs = ±5V, Vcm = OV, Vps = 2.5V, \q = l F s = NULL = Open, Pins 5,10 = GND, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Avol 

Large-Signal Voltage Gain 

V 0 = -3V to 3 V, R L = 150Q 


83 

93 


dB 

Rol 

Transresistance, AVoutMIin" 

V 0 = -3V to 3V, R L = 150Q 


1.0 

1.8 


MQ 

VoUT 

Maximum Output Voltage Swing 

No Load 

• 

±4.0 

±4.2 


V 



R l = 150Q 

• 

±3.0 

±3.5 


V 



V S = ±15V, No Load 

• 

±14.0 

±14.2 


V 



Vs = 5V, V CM = 2.5V, (Note 6) 

• 

1.2 


3.8 

V 

>0 

Maximum Output Current 

V s = ±5V 


±30 

±40 


mA 



Vs = 5V,V C m = Vo = 2.5V 


±20 

±30 


mA 

Is 

Supply Current 

V C = V FS = 2.5V 

• 

10.0 

13.5 

17.0 

mA 



V C = V FS = 1.25V 

• 

5.0 

7.5 

9.5 

mA 



v c = v FS = ov 

• 

0.8 

1.3 

1.8 

mA 



V C = V FS = 2.5V, V s = ±15V 

• 

10.0 

14.5 

18.5 

mA 



V C = V FS = 0V,V S = ±15V 

• 

0.8 

1.4 

2.0 

mA 


COflTROl ROD FULL SCRLC RfflPUFItR CHARACTERISTICS 


0°C<Ta<70°C, Vs = ±5V, Vfs = 2.5V, l c = Ips = NULL = Open, Pins 5,10 = GND, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 


Control Amplifier Input Offset Voltage 

Pin 4 to Pin 3 


5 15 

mV 


Full Scale Amplifier Input Offset Voltage 

Pin 11 to Pin 12 

• 

5 15 

mV 


Control Amplifier Input Resistance 


• 

25 100 

m 


Full Scale Amplifier Input Resistance 



25 100 

M Q. 


Control Amplifier Input Bias Current 


• 

-750 -300 

nA 


Full Scale Amplifier Input Bias Current 


• 

-750 -300 

nA 

Rc 

Internal Control Resistor 

T a = 25°C 


3.75 5 6.25 

kQ 

Rfs 

Internal Full Scale Resistor 

T a = 25°C 


4 5 6 

kC2 


Resistor Temperature Coefficient 



0.2 

%/°C 


Control Path Bandwidth 

Small Signal, Vc = lOOmV, (Note 7) 


10 

MHz 


Control Path Rise and Fall Time 

Small Signal, Vc = lOOmV, (Note 7) 


35 

ns 


Control Path Transition Time 

0% to 100% 


150 

ns 


Control Path Propagation Delay 

Small Signal, AVc = lOOmV 

V c from 0% or 100% 


50 

90 

ns 

ns 


The • denotes specifications which apply over the specified operating 
temperature range. 

Note 1: A heat sink may be required depending on the power supply 
voltage. 

Note 2: Commercial grade parts are designed to operate over the 
temperature range of -40°C to 85°C but are neither tested nor guaranteed 
beyond 0°C to 70°C. Industrial grade parts specified and tested over 
-40°C to 85°C are available on special request. Consult factory. 

Note 3: Tj is calculated from the ambient temperature Ta and the power 
dissipation P D according to the following formulas: 

LT1 251 CN/LT1 256CN: Tj = T a + (P D x 70°C/W) 
LT1251CS/LT1256CS: Tj = T A + (P D x 100°C/W) 


Note 4: Differential gain and phase are measured using a Tektronix 
TSG120YC/NTSC signal generator and a Tektronix 1780R Video 
Measurement Set. The resolution of this equipment is 0.1% and 0.1°. Five 
identical amplifier stages were cascaded giving an effective resolution of 
0.02% and 0.02°. 

Note 5: Differential gain and phase are best when the control is set at 0% 
or 1 00%. See the Typical Performance Characteristics curves. 

Note 6: Tested with R|_ = 150Q to 2.5 V to simulate an AC coupled load. 
Note 7: Small-signal control path response is measured driving Rq (pin 5) 
to eliminate peaking caused by stray capacitance on pin 4. 
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LT1251/LT1256 


typical p€RFORmnnc€ chrimctcmstics 


LT1251 

Gain vs Control Voltage 



CONTROL VOLTAGE (V) 


1251/56 601 


LT1256 



0 0.5 1.0 1.5 2.0 2.5 

CONTROL VOLTAGE (V) 


1251/56 G02 


Spot Input Noise Voltage and 
Current vs Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 

1251/56 G06 


LT1251/LT1256 
Control Path Bandwidth 


LT1 251/LT1 256 
Control Path Bandwidth 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


" l"T TTITIT "T ri 
VOLTAGE DRIVE R c 
V c = GND 
f-V s = ±5V 


I 


100k 1M 10M 
FREQUENCY (Hz) 


Undistorted Output Voltage 
vs Frequency 



100k 1M 10M 100M 

FREQUENCY (Hz) 


1251/56 604 


1251/56 605 


1251/56 G07 


THD Plus Noise vs Frequency 








ZV S = ±5V, V,N = IVrms 

A\/ = 1, R F = 1.5k, Vp S = 2.5\ 
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1251/56 G08 


2nd and 3rd Harmonic Distortion 
vs Frequency 



1251/56 G09 


3rd Order Intercept vs Frequency 



FREQUENCY (MHz) 

1251/56 G10 
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3dB BANDWIDTH (MHz) -3dB BANDWIDTH (MHz) 


LT1251/LT1256 


typical PCRFonmnnce characteristics 


Bandwidth vs Feedback 
Resistance, Av = 1, Rl = 100Q 



FEEDBACK RESISTANCE (kfl) 


1251/56 G11 


Bandwidth vs Feedback 



FEEDBACK RESISTANCE (kO) 


1251/56 G12 


Voltage Gain and Phase 
vs Frequency 



100k 1M 10M 100M 

FREQUENCY (Hz) 


1251/56 G13 


Bandwidth vs Feedback 
Resistance, Av = 10, R L = 100Q 



1251/56 G14 


Bandwidth vs Feedback Off-Channel Isolation 

Resistance, Ay = 10, Rl = Ik vs Frequency 



Bandwidth vs Feedback 
Resistance, Ay = 100, Rl = 100Q 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
FEEDBACK RESISTANCE (k£2) 


Bandwidth vs Feedback 
Resistance, Ay = 100, Rl = Ik 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
FEEDBACK RESISTANCE (kfi) 


-3dB Bandwidth vs 
Control Voltage 



CONTROL VOLTAGE (V) 


1251/56 G17 


1251/56 G19 
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LT1251/LT1256 


tvpicri PCRFonmnncc chrrrctcristics 


Slew Rate vs Full Scale 
Reference Voltage 



0 0.5 1.0 1.5 2.0 2.5 

FULL SCALE REFERENCE VOLTAGE (V) 

1251/56 G29 


Slew Rate vs Temperature 
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NOL 
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-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 

1251/56 G30 


Power Supply Rejection Ratio 
vs Frequency 



Settling Time tolOmV 



.-io i i i i i i i 

0 25 50 75 100 125 150 

SETTLING TIME (ns) 


1251/56 G32 


Settling Time to ImV 
vs Output Step 



0 50 100 150 200 

SETTLING TIME (ns) 

1251/56 633 


Output Impedance vs Frequency 



Q g-| I I I LLI I 1-1 JJ I I, I ...I I I I 1 L.l 

10k 100k 1M 10M IOC 


FREQUENCY (Hz) 

1251/56 G34 


Differential Gain vs 
Controlled Gain 



CONTROLLED GAIN, V C /V F s (%) 


Differential Phase vs 
Controlled Gain 



0 I I I I I 

50 60 70 80 90 100 

CONTROLLED GAIN, V C /V FS (%) 


1251/56 G35 


1251/56 G36 


LT1251 

Switching Transient (Glitch) 



V FS = 2.5 V 
R F 1 = R F 2 = 1 .5k 

Vs = ±5V 1251/56 G3 
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LT1251/LT1256 


nppucnnons mFonmnnon 

Supply Voltage 

The LT1 251/LT1256 are high speed amplifiers. To prevent 
problems, use a ground plane with point-to-point wiring 
and small bypass capacitors (0.01 gF to 0.1 pF) at each 
supply pin. For good settling characteristics, especially 
driving heavy loads, a4.7pF tantalum within an inch or two 
of each supply pin is recommended. 

The LT1 251/LT1 256 can be operated on single or split 
supplies. The minimum total supply is 4V (pins 7 to 9). 
However, the input common-mode range is only guaran- 
teed to within 2V of each supply. On a 4V supply the parts 
must be operated in the inverting mode with the noninvert- 
ing input biased half way between pin 7 and pin 9. See the 
Typical Applications section for the proper biasing for 
single supply operation. 

The op amps in the control section operate from V _ (pin 7) 
to within 2 V of V + (pin 9). For this reason the positive 
supply should be 4.5V or greater in order to use 2.5V 
control and full scale voltages. 

Inputs 

The noninverting inputs (pins 1 and 14) are easy to drive 
since they look like a 1 7M resistor in parallel with a 1 ,5pF 
capacitor at most frequencies. However, the input stage 
can oscillate at very high frequencies (1 OOMHzto 200MHz) 
if the source impedance is inductive (like an unterminated 
cable). Several inches of wire look inductive at these high 
frequencies and can cause oscillations. Check for oscilla- 
tions at the inverting inputs (pins 2 and 13) with a 10x 
probe and a 200MHz oscilloscope. A small capacitor 
(1 OpF to 50pF) from the input to ground or a small resistor 
(100a to 3000) in series with the input will stop these 
parasitic oscillations, even when the source is inductive. 
These components must be within an inch of the 1C in 
order to be effective. 

All of the inputs to the LT1 251/LT1 256 have ESD protec- 
tion circuits. During normal operation these circuits have 
no effect. If the voltage between the noninverting and 
inverting inputs exceeds 6 V, the protection circuits will 
trigger and attempt to short the inputs together. This 
condition will continue until the voltage drops to less than 


500mV or the current to less than 1 0mA. If a very fast edge 
is used to measure settling time with an input step of more 
than 6 V, the protection circuits will cause the 1 mV settling 
time to become hundreds of microseconds. 

Feedback Resistor Selection 

The feedback resistor value determines the bandwidth of 
the LT 1 251 /LT 1 256 as in other current feedback amplifi- 
ers. The curves in the Typical Performance Characteristics 
show the effect of the feedback resistor on small- signal 
bandwidth for various loads, gains and supply voltages. 
The bandwidth is limited at high gains by the 500MHz to 
800MHz gain-bandwidth product as shown in the curves. 
Capacitance on the inverting input will cause peaking and 
increase the bandwidth. Take care to minimize the stray 
capacitance on pins 2 and 13 during printed circuit board 
layout for flat response. 

If the two input stages are not operating with equal gain, 
the gain versus control voltage characteristic will be 
nonlinear. This is true even if Rfi equals Rf 2 - This is 
because the open-loop characteristic of a current feed- 
back amplifier is dependent on the Thevenin impedance at 
the inverting input. For linear control of the gain, the loop 
gain of the two stages must be equal. For an extreme 
example, let’s take a gain of 1 01 on input 1 , Rfi = 1 .5k and 
Rgi = 1 5a, and unity-gain on input 2, Rp 2 = 1 -5k. The curve 
in Figure 1 shows about 25% error at mid-scale. To 
eliminate this nonlinearity we must change the value of 
Rp 2 - The correct value is the Thevenin impedance at 
inverting input 1 (including the internal resistance of 27a) 
times the gain set at input 1. For a linear gain versus 
control voltage characteristic when input 2 is operating at 
unity-gain, the formula is: 

Rp2 = Avi x (Rfi 1 1 Rgi + 27) 

Rf 2 = 101 x (14.85 + 27) =4227 

Because the feedback resistor of the unity-gain input is 
increased, the bandwidth will be lower and the outpul 
noise will be higher. We can improve this situation by 
reducing the values of Rpi and Rqi, but at high gains the 
internal 27a dominates. 
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Figure 1 . Linear Gain Control from 0 to 101 
apacitive Loads 

icreasing the value of the feedback resistor reduces the 
andwidth and open-loop gain of the LT1251/LT1 256; 
lerefore, the pole introduced by a capacitive load can be 
vercome. If there is little or no resistive load in parallel 
nth the load capacitance, the output stage will resonate, 
eak and possibly oscillate. With a resistive load of 1 500, 
ny capacitive load can be accommodated by increasing 
ie feedback resistor. If the capacitive load cannot be 
aralleled with a DC load of 1500, a network of 200pF in 
eries with 1000 should be placed from the output to 
round. Then the feedback resistor should be selected for 
est response. 

he Null Pin 

in 6 can be used to adjust the gain of an internal current 
lirror to change the output offset. The open circuit 
oltage at pin 6 is set by the full scale current Ips flowing 
irough 2000 to the negative supply. Therefore, the null 
in sits lOOmV above the negative supply with Vfs equal 
) 2.5 V. Any op amp whose output swings within a few 


millivolts of the negative supply can drive the null pin. The 
AM modulator application shows an LT1077 driving the 
null pin to eliminate the output DC offset voltage. 

Crosstalk 

The amount of signal from the off input that appears at the 
output is a function of frequency and the circuit topology. 
The nature of a current feedback input stage is to force the 
voltage at the inverting input to be equal to the voltage at 
the noninverting input. This is independent of feedback 
and forced by a buffer amplifier between the inputs. When 
the LT1251/LT1256 are operating noninverting, the off 
input signal is present at the inverting input. Since one end 
of the feedback resistor is connected to this input, the off 
signal is only a feedback resistor away from the output. 
The amount of unwanted signal at the output is deter- 
mined by the size of the feedback resistor and the output 
impedance of the LT 1 251 /LT 1 256. The output impedance 
rises with increasing frequency resulting in more crosstalk 
at higher frequencies. Additionally, the current that flows 
in the inverting input is diverted to the supplies within the 
chip and some of this signal will also show up at the 
output. With a 1.5k feedback resistor, the crosstalk is 
down about 86dB at low frequencies and rises to -78dB 
at 1 MHz and on to -60dB at 6MHz. The curves show the 
details. 

Distortion 

Whenonlyoneinputis contributing to the output (Vq = 0% 
or 1 00%) the LT 1 251 /LT 1 256 have very low distortion. As 
the control reduces the output, the distortion will increase. 
The amount of increase is a function of the current that 
flows in the inverting input. Larger input signals generate 
more distortion. Using a larger feedback resistor will 
reduce the distortion at the expense of higher output 
noise. 
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Signal Path Description 

Rqi r fi 



Figure 2. Signal Path Block Diagram 


Figure 2 is the basic block diagram of the LT1 251/LT 1 256 
signal path with external resistors Rqi, Rfi, Rg 2 and Rf 2 - 
Both input stages are operating as noninverting amplifiers 
with two input signals Vi and V 2 . 

Each input stage has a unity-gain buffer from the nonin- 
verting inputto theinverting input. Therefore, the inverting 
input is at the same voltage as the noninverting input. Ri 
and R 2 represent the internal output resistances of these 
buffers, approximately 27Q. 

K is a constant determined by the control circuit, and can 
be any value between 0 and 1. The control circuit is 
described in a later section. 

By inspection of the diagram: 


h=- 


Ri+ 


( r gi)( r fi) 

R G1 + R F1 


Jl 


r F1 + r i 


w 

R G1 


Jz 

( R G2)( R F2) 
r G2+ r F2 

I 0 = KIi + (1-K)| 2 


Vo 


R 2 + 


Rp2 + R 2 


R F2 

R G2 


+ 1 


v 0 = Iq 


r ol 


(i+sR 0 L C) 

Substituting and rearranging gives: 


KVi 


(i-k)v 2 


V 0 = - 


ww „ MM 

R G1 +R F1 R 62 + R F2 


1 + sRqi_C 

Rol 


-+- 


K 


Ml 


r F1 + r i 


M + 1 

R G1 j 


R F2 + R 2|^ + 1 


General Equation for the Noninverting Amplifier Case 
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In low gain applications, Ri and R 2 are small compared to 
the feedback resistors and therefore we can simplify the 
equation to: 


KV, | (1-K)V 2 

MM + WN 

y R G1 +R F1 R G2 + R F2 
1 + sRq lC | K [ M 
ROL RF1 R F2 


Similarly for the inverting case where the noninverting 
inputs are grounded and the input voltages Vi and V 2 drive 
the normally grounded ends of Rqi and Rq 2 , we get: 


V 0 = - 


Rgl + Rl 

'5a + 1 ] 

1 R F1 ) 

- + A 

R G 2 + R 2 

IW 

v R F2 j 


1 + sRqlC K 

C-K| 

1 


Rol 


Rf ' +R 'lS +1 


Rp2 + R 2 


*E2 +1 
R G2 . 


Note that the denominator causes a gain error due to the 
open-loop gain (typically 0.1% for frequencies below 
20kHz) and for mismatches in Rfi and Rf 2 - A 1% mis- 
match in the feedback resistors results in a 0.25% error at 
K = 0.5. 

If we set Rfi = Rf 2 and assume Rol » Rfi (a 0.1% error 
at low frequencies) the above equation simplifies to: 

v 0 =kv 1 a v1 +(i-k)v 2 a V 2 

where Ayi = 1+— and Au 2 = 1 + — 

v 1 n v <- n 

H G1 k G2 

This shows that the output fades linearly from input 2, 
times its gain, to input 1, times its gain, as K goes from 
D to 1 . 

If only one input is used (for example, Vi) and pin 14 is 
grounded, then the gain is proportional to K. 

— = KAvi 
V, V1 


General Equation for the Inverting Amplifier Case 

Note that the denominator is the same as the noninverting 
case. In low gain applications, Ri and R 2 are small 
compared to the feedback resistors and therefore we can 
simplify the equation to: 

KV| + Q-K)V 2 


1+sR 0L C [ K ( M 
R OL R F1 R F2 

Again if we set Rfi = Rf 2 and assume Rol » Rfi (a 0.1% 
error at low frequencies) the above equation simplifies to: 

v 0 =-[kv 1 a V i+(i-k)v 2 a V 2 ] 
where Ayi = “ and Av 2 = ” 

^G1 H G2 

The four-resistor difference amplifier yields the same 
result as the inverting amplifier case, and the common- 
mode rejection is independent of K. 
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Control Circuit Description 



Figure 3. Control Circuit Block Diagram 


The control section of the LT 1 251 /LT 1 256 consists of two 
identical voltage-to-current converters (V-to-l); each 
V-to-l contains an op amp, an l\IPN transistor and a 
resistor. The converter on the right generates a full scale 
current Ips and the one on the left generates a control 
current lc. The ratio Ic/lps is called K. K goes from a 
minimum of zero (when lc is zero) to a maximum of one 
(when Iq is equal to, or greaterthan, Ips). K determines the 
gain from each signal input to the output. 

The op amp in each V-to-l drives the transistor until the 
voltage at the inverting input is the same as the voltage at 
the noninverting input. If the open end of the resistor (pin 
5 or 1 0) is grounded, the voltage across the resistor is the 
same as the voltage at the noninverting input. The emitter 
current is therefore equal to the input voltage Vc divided by 
the resistor value Rq. The collector current is essentially 
the same as the emitter current and it is the ratio of the two 
collector currents that sets the gain. 

The LT1 251 /LT 1 256 are tested with pins 5and 1 0 grounded 
and afull scale voltage of 2.5V applied to Vps (pin 1 2). This 
sets I ps at approximately 500pA; the control voltage V c is 
applied to pin 3. When the control voltage is negative or 
zero, lc is zero and K is zero. When Vc is 2.5V or greater, 
lc is equal to or greater than Ips and K is one. The gain of 
channel one goes from 0% to 1 00% as Vc goes from zero 
to 2.5V. The gain of channel two goes the opposite way, 
from 100% down to 0%. The worst case error in K (the 


gain) is ±3% as detailed in the electrical tables. By using 
a 2.5 V full scale voltage and the internal resistors, no 
additional errors need be accounted for. 

In the LT1 256, K changes linearly with lc- To insure that K 
is zero, Vc must be negative 15mV or more to overcome 
the worst case control op amp offset. Similarly to insure 
that K is 100%, Vc must be 3% larger than Vps based on 
the guaranteed gain accuracy. 

To eliminate the overdrive requirement, the LT1251 has 
internal circuitry that senses when the control current is at 
about 5% and sets K to 0%. Similarly, at about 95% it sets 
K to 100%. The LT1251 guarantees that a 2% (50mV) 
input gives zero and 98% (2.45V) gives 100%. 

The operating currents of the LT1 25 1 /LT 1 256 are derived 
from I ps and therefore the quiescent current is a function 
of V FS and Rps. The electrical tables show the supply 
current for three values of Vps including zero. An approxi- 
mate formula for the supply current is: 

l s = 1 mA + (24 x l FS ) + (V s /20k) 

where V$ is the total supply voltage between pins 9 and 7. 
By reducing Ips the supply current can be reduced, how- 
ever the slew rate and bandwidth will also be reduced as 
indicated in the characteristic curves. Using the internal 
resistors (5k) with Vps equal to 2.5V results in Ips equal to 
500pA; there is no reason to use a larger value of Ips- 

The inverting inputs of the V-to-l converters are available 
so that external resistors can be used instead of the 
internal ones. For example, if a 10V full scale voltage is 
desired, an external pair of 20k resistors should be used to 
set I ps to 500uA. The positive supply voltage must be 2.5 V 
greater than the maximum Vc and/or Vps to keep the 
transistors from saturating. Do not use the internal resis- 
tors with external resistors because the internal resistors 
have a large positive temperature coefficient (0.2%/°C) 
that will cause gain errors. 

If the control voltage is applied to the free end of resistor 
Rc (pin 5) and the Vc input (pin 3) is grounded, the polarity 
of the control voltage must be inverted. Therefore, K will 
be 0% for zero input and 1 00% for— 2.5V input, assuming 
V FS equals 2.5V. With pin 3 grounded, pin 4 is a virtual 
ground; this is convenient for summing several negative 
going control signals. 
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typical application 


AM Modulator with DC Output Nulling Circuit 



Four-Quadrant Multiplier as a Double-Sideband Suppressed-Carrier Modulator 


Modulation Gain vs Control Voltage 
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TYPICAL APPUCATIOnS 

Single Supply Inverting AC Amplifier 


Single Supply Noninverting AC Amplifier 
with Digital Gain Control 


Controlled Gain, Voltage-to-Current Converter 
(Current Source) 


in 


V 0U T LTC1257 
GND 


*>! 

n 

IN. 

v f R c r fs 


LT1363 

I 3 JI° I 12 

CONTROL “ “ 2.5VDC 

VOLTAGE r f INPUT 

Ik 

D 





Rf 

Ik 



v, N | 

' Rf' 

|Vc 

OUTPUT RESISTANCE DEPENDS 

1251/56TA09 

Ro' 

iRg- 

'Vfs 

ON MATCHING OF RESISTORS 
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Logarithmic Gain Control (Noninverting) 


600S2 



— 

14 4N. 

sj 

v* 

9_ 

13 I 2 

>-* 


7 

;200fi 


V~ 


■ % 

R C r fs 

Vfs 


I 3 

X 5 x° 

1 12 


CONTROL 


2.5VDC 

VOLTAGE 

1.5k 

INPU' 

r 


”vp 

— 

S = 2 

.5V 

























z 


z 



z 









<1dB ERROR 
A v = 24dBx(^ 


1.25 

CONTROL VOLTAGE (V) 


Logarithmic Gain Control (Inverting) 

1 "*5 i — r 


I 3 .15 _n° I 12 

CONTROL ~ ~ 2.5VDC 

VOLTAGE 1.5k INPUT 


Vf 

s = J 

,5V 





















/ 






Z 



Z 









<1 dB ERROR 
A v = 24dB x(y 


1.25 

CONTROL VOLTAGE (V) 


Soft Clipper 


Vc Bp Rfs Vfs I 

p _p° l 12 2.5VDC 
■=■ INPUT 

^,1N914 
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For PSpice™ 


* Linear Technology LT1251/LT1256 VIDEO FADER MACROMODEL 

* Written: 3-11-1994 BY WILLIAM H. GROSS. 

* 

* Connections: as per datasheet pinout 
*l=first noninverting input 
*2=first inverting input 
*3=control voltage input 
*4=control current input 
*5=control resistor, RC 

*6=null input 
*7=positive supply 
*8=output 

*9=negative supply 
*10=full scale resistor, RFS 
*ll=full scale current input 
*12=full scale voltage input 
*13=second inverting input 
*14=second noninverting input 

* 

. SUBCKT LT1251 1 2 3 4 5 6 7 8 9 10 11 12 13 14 


*f irst 

input 

stage 


IB1 

1 

0 

500NA 

RI1 

1 

0 

17MEG 

Cl 

1 

0 

1 . 5PF 

El 

2A 

0 

VALUE={ LIMIT (V ( 1 ) , 

VOS1 

2A 

2B 

2 . 5MV 

R1 

2B 

2 

27 

C2 

: k 

2 

0 

1PF 

*second 

input 

stage 


IB2 

14 

0 

450NA 

RI2 

14 

0 

17MEG 

C14 

14 

0 

1.5PF 

E2 

13A 

0 

VALUE= {LIMIT (V(14) 

VOS2 

13A 

13B 

1.5MV 

R2 

13B 

13 

27 

C13 

* 

13 

0 

1PF 

* control amp 



IBC 

3 

0 

-300NA 

RIC 

3 

0 

100MEG 

C3 

3 

0 

1PF 

R3 

3 

3A 

1600 

CBWC 

3A 

0 

10PF 

EC 

3B 

0 

3A 0 1.0 

VOSC 

3B 

4 

5MV 

C4 

4 

0 

1PF 

RC 

4 

5 

5K 

C5 

5 

0 

1PF 


-0.4)+V(EN) /30 } 


-0.4) +V (EN) / 3 0 } 


PSpice is a trademark of MicroSim Corporation 
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*full scale amp 



IBFS 

12 

0 

-300NA 


RIFS 

12 

0 

100MEG 


C12 

12 

0 

1PF 


R12 

12 

12A 

1600 


CBWFS 

12A 

0 

10PF 


EFS 

12B 

0 

12A 0 1.0 


VOSFS 

12B 

11 

-5MV 


Cll 

11 

0 

1PF 


RFS 

11 

10 

5K 


CIO 

10 

0 

1PF 


*generating K 




*** the 

next i 

two lines are for the LT1251 


EK K 0 TABLE 

{I (VOSC) /I (VOSFS) }= (-100,0) (0.04,0) 

(0.1,0.11) 

+ 



(0.9,0.907) (0.95,1.0) 

(100,1.0) 

*** the 

next i 

two lines are for the LT1256 


*EK K 0 

TABLE 

{I (VOSC) /I (VOSFS) }= (-100,0) (0,0) 

(0.2,0.21) 

* + 



(0.9, 0.9) (1.0, 1.0) 

(100,1.0) 

RDUMMY 

K 

0 

1MEG 


RNOISE1 

EN 

0 

200K 


RNOISE2 

EN 

0 

200K 


*generates 40 
* 

. 7nV/rtHz 


*null circuit 




GNULL 

9 

6A 

VALUE= { I (VOSFS ) } 


RN1 

6A 

9 

200 


VNULL 

6A 

6B 

0.0V 


RN2 

6B 

6 

400 


C6 

* 

6 

9 

1PF 


*output 

stage 




E6 

8A 

0 



+' VALUE = 

{ 1 . 8 MEG* ( I ( VOS1 ) *V (K) +1 (VOS2 ) * ( 1-V (K) ) -I (VNULL) +0 . 

, 10UA+0 . 0007*V i 

RG 

8A 

8B 

1 . 8 MEG 


CG 

8B 

0 

3 . 4PF 


E8 

8C 

0 

8B 0 1.0 


V8 

8C 

8D 

0.0V 


R8 

8D 

8 

11 


*output 

swing 

and 

current limit 


DP 

8B 

8P 

Dl 


VDP 

8P 

7 

-1.4V 


DN 

8N 

8B 

Dl 


VDN 

8N 

9 

1.4 V 


. MODEL 

D1 

D 



GCL 

* 

8B 

0 

TABLE {I (V8) }=(-!,-!) (-0.04,0) (0.04,0) (1,1) 

* supply 

current 



GQ 

7 

9 

VALUE = { 1MA+24 * I (VOSFS ) + ( V ( 7 ) -V ( 9 ) ) / 2 OK} 

GCC 

7 

0 

TABLE {I(V8) }=(-l,0) (0,0) (1,1) 


GEE 

9 

0 

TABLE (I(V8) }=(-!,-!) (0,0) (1,0) 


.ENDS LT1251 
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LT1251/LT1256 Macro Model for PSpice 


PIN# IN □ NODE# IN A 

FIRST INPUT STAGE K GENERATOR NOISE GENERATOR 




FULL SCALE AMP 



OUTPUT STAGE AND VOLTAGE SWING/CURRENT LIMIT 




2-241 





rruneAB 

TECHNOLOGY 


LT1252 


Low Cost 
Video Amplifier 


F€RTUR€S 

■ Low Cost 

■ Current Feedback Amplifier 

■ Differential Gain: 0.01%, Rl = 1500, Vs = ±5V 

■ Differential Phase: 0.09°, Rl = 1 500, Vs = ±5V 

■ Flatto 30MHz, O.ldB 

■ 100MHz Bandwidth on +5V 

■ Wide Supply Range: ±2V(4V) to ±14V(28V) 

■ Low Power: 85mW at ±5V 

rppucrtiors 

■ RGB Cable Drivers 

■ Composite Video Cable Drivers 

■ Gain Blocks in IF Stages 


D6SCRIPTIOR 

The LT1252 is low cost current feedback amplifier for 
video applications. The LT1252 is ideal for driving low 
impedance loads such as cables and filters. The wide 
bandwidth and high slew rate of this amplifier make 
driving RGB signals between PCs and workstations easy. 
The linearity of the LT1252 is outstanding; it is unsur- 
passed for driving composite video. 

The LT1 252 is available in the 8-pin DIPand the S8 surface 
mount package. For higher performance and shutdown 
operation, see the LT1227. For dual and quad amplifiers 
with similar performance see the LT 1 253/LT 1 254. 


TVPICRL RPPUCRTIOR 


Transient Response 


5V 



AT AMPLIFIER OUTPUT. 
6dB LESS AT Vqut- 


V s = ±5 V 
A v = 2 
R L = 1 50Q 
V 0 = 1V 


LT1252*TA02 
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absolute maximum rotiogs 


Total Supply Voltage (V + to V") 28V 

Input Current ±15mA 

Output Short-Circuit Duration (Note 1) Continuous 

Operating Temperature Range 0°C to 70°C 


Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 2) 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IflFORfTlflTIOn 


NC [T 
-IN [T 
+IN [T 
V- U 


T| NC 

3 v + 

T] OUT 

a wc 


S8 PACKAGE 
8-LEAD PLASTIC SO 

TjMAX=150°C,ejA=150 o C/W 


ORDER PART 
NUMBER 


LT1252CS8 


S8 PART MARKING 


1252 



N8 PACKAGE 
8-LEAD PLASTIC DIP 


Tjmax= 150°C, 0 ja = 100°C/W 


ORDER PART 
NUMBER 


LT1252CN8 


Consult factory for Industrial and Military grade parts. 


€L€CTRICRl CHRRRCTCRISTICS oc < t a < 70 °C, Vs = +5V to ±12V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



5 

15 

mV 

+Ib 

Noninverting Bias Current 


1 15 

PA 

-■b 

Inverting Bias Current 



20 

100 

pA 

Avol 

Large-Signal Voltage Gain 

V s = ±5V, V 0 = ±2V, R L = 150Q 

560 

1500 


V/V 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to±12V 

60 

70 


dB 

CMRR 

Common-Mode Rejection Ratio 

V s = ±5V, V CM = ±2V 

55 

65 


dB 

Vout 

Maximum Output Voltage Swing 

V s = ±12V, R L = 500Q 

±7.0 

±10.5 


V 



V s = ±5V, R L = 150Q 

±2.5 

±3.7 


V 

loUT 

Maximum Output Current 


30 

55 


mA 

>S 

Supply Current 



8.5 

18 

mA 

Rin 

Input Resistance 


1 

10 


M Q 

ClN 

Input Capacitance 


3 

PF 


Power Supply Range Dual 


±2 


±12 

V 


Single 


4 


24 

V 

SR 

Input Slew Rate 

A v = 1 

125 

V/jiS 


i 

Output Slew Rate 

A v = 2 

250 

V/jos 


jjvm 
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LT1252 


€l€CTRICfll CHMMCT6MSTICS 0°C < Ta < 70°C, V$ = ±5V to ±12V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

tr 

Small-Signal Rise Time 

V s = ±12V, Av = 2 

3.5 

ns 


Rise and Fall Time 

V s = ±5V, A v = 2, Voui = 1 Vp.p 

5.2 

ns 


Propagation Delay 

V s = ±5V, Ay = 2 

3.5 

ns 


Note 1: A heat sink may be required to keep the junction temperature LT1252CN8: Tj = T A + (Pd x 100°C/W) 

below absolute maximum when the output is shorted indefinitely. LT1252CS8: Tj = T A + (Pd x 150°C/W) 

Note 2: Tj is calculated from the ambient temperature T A and power 
dissipation P D according to the following formulas: 


TVPicni nc P€RFORmnnc€ 

BANDWIDTH 


Vs 

A V 

Rl 

Rf 

Rg 

SMALL SIGNAL 
-3dB BW (MHz) 

SMALL SIGNAL 
-O.ldB BW (MHz) 

SMALL SIGNAL 
PEAKING (dB) 

±12 

1 

150 

2370 

None 

282 

45 

1.9 

±12 

-1 

1000 

1100 

1100 

58 

17 

0.1 

±12 

-1 

150 

909 

909 

73 

34 

0.1 

±12 

2 

1000 

1210 

1210 

253 

20 

0.1 

±12 

2 

150 

909 

909 

142 

38 

0.1 

±12 

5 

1000 

1000 

249 

73 

25 

0.1 

±12 

5 

150 

866 

215 

75 

31 

0.1 

±12 

10 

1000 

909 

100 

67 

26 

0.1 

±12 

10 

150 

768 

84.5 

69 

32 

0.1 

±5 

1 

1000 

2210 

None 

260 

10 

2.4 

±5 

1 

150 

1300 

None 

232 

50 

0.8 

±5 

-1 

1000 

1000 

1000 

50 

11 

0.1 

±5 

-1 

150 

732 

732 

69 

34 

0.1 

±5 

2 

1000 

909 

909 

133 

24 

0.1 

±5 

2 

150 

787 

787 

100 

30 

0.1 

±5 

5 

1000 

825 

205 

62 

21 

0.1 

±5 

5 

150 

698 

174 

66 

30 

0.1 

±5 

10 

1000 

750 

82.5 

58 

22 

0.1 

±5 

10 

150 

619 

68.1 

60 

30 

0.1 


NTSC VIDEO (Note 1) 


Vs 

A V 

Rl 

Rf 

Rg 

DIFFERENTIAL 

GAIN 

DIFFERENTIAL 

PHASE 

±12 

2 

1000 

1000 

1000 

0.02% 

0.02° 

±12 

2 

150 

1000 

1000 

0.03% 

0.04° 

±5 

2 

1000 

1000 

1000 

0.02% 

0.08° 

±5 

2 

150 

1000 

1000 

0.01% 

0.09° 


Note 1: Differential Gain and Phase are measured using a Tektronix TSG amplifier stages were cascaded giving an effective resolution of 0.01% and 
1 20 YC/NTSC signal generator and a Tektronix 1 780R Video Measurement 0.01 °. 

Set. The resolution of this equipment is 0.1% and 0.1°. Ten identical 
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OUTPUT STEP (V) SUPPLY CURRENT (mA) 


LT1252 


TYPICAL P€fiFORmnnC€ CHflftnCTCRISTICS 

Input Common-Mode Limit 

Supply Current vs Supply Voltage vs Temperature 
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LT1252 •TPC01 
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Power Supply Rejection 
vs Frequency 
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FREQUENCY (Hz) 

LT1252 *TPC06 


Spot Noise Voltage and Current 
vs Frequency 


FREQUENCY (Hz) 


Output Impedance 
vs Frequency 


mmti 


Output Short-Circuit Current 
vs Junction Temperature 



100k 1 M 10M 100M 

FREQUENCY (Hz) 

LT1 252 • TPC08 


50 -25 0 25 50 75 100 125 150 175 
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LT1252 


typical P€RFORmnnc€ chrrrctcristics 
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typical PCRFORmnncc chrrrctcristics 


Transient Response Transient Response 



V s = ±5V 

LT1252-TPC16 

V s = ±5V 

R f = 619Q 

LT1252*rPC17 


A v =1 


A v = 10 

Rq = 68.1 Q 



R l = 150Q 


R l = 150Q 

V 0 = 1.5V 



R f = 619Q 






V 0 = 1V 







TVPICRL APPUCRTIOnS 

Single Supply AC-Coupled Amplifier Single Supply AC-Coupled Amplifier 

Noninverting Inverting 
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LT1 253/ LT 1254 


£TM 1CAE 

TECHNOLOGY 


F€ATUR€S 

■ Low Cost 

■ Current Feedback Amplifiers 

■ Differential Gain: 0.03%, Rl = 150Q, Vs = ±5V 

■ Differential Phase: 0.28°, Rl = 150L2, Vs = ±5 V 

■ Flatto 30MHz, O.ldB 

■ 90MHz Bandwidth on ±5V 

■ Wide Supply Range: ±2V(4V) to ±14V(28V) 

■ Low Power: 60mW per Amplifier at +5V 

flppucnnons 

■ RGB Cable Drivers 

■ Composite Video Cable Drivers 

■ Gain Blocks in IF Stages 


Low Cost Dual and Quad 
Video Amplifiers 

DCSCRIPTIOfl 

The LT1253 is a low cost dual current feedback amplifier 
for video applications. The LT1 254 is a quad version of the 
LT 1 253. The amplifiers are completely isolated except for 
the power supply pins and therefore have excellent isola- 
tion, over 94dB at 5MHz. Dual and quad amplifiers signifi- 
cantly reduce costs compared with singles; the number of 
insertions is reduced and fewer supply bypass capacitors 
are required. In addition, these duals and quads cost less 
per amplifier than single video amplifiers. 

The LT1253/LT1254 amplifiers are ideal for driving low 
impedance loads such as cables and filters. The wide 
bandwidth and high slew rate of these amplifiers make 
driving RGB signals between PCs and workstations easy. 
The excellent linearity of these amplifiers makes them 
ideal for composite video. 

The LT1253 is available in 8-pin DIPs and the S8 surface 
mount package. The LT1254 is available in 14-pin DIPs 
and the SI 4 surface mount package. Both parts have the 
industry standard dual and quad op amp pin out. For 
higher performance, see the LT1 229/LT1 230. 


TYPICAL APPUCATIOn 


Transient Response 


5V 



AT AMPLIFIER OUTPUT. 
6dB LESSATVout- 



V S = ±5V 
Av = 2 
R L = 150Q 
V 0 = 1V 


XTTflfflB 
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LT1253/LT1254 


rbsolutc mnximum rrtirgs 


Total Supply Voltage (V + to V) 28 V 

Input Current ±15mA 

Output Short-Circuit Duration (Note 1) Continuous 

Operating Temperature Range 
LT1253C, LT1254C 0°Cto70°C 


Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 2) 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmATIOn 


OUT A \T 
-IN A [T 
+IN A \J 
V" E 


TOP VIEW 



I] v + 

7] OUT B 
][j -INB 
T) +INB 


N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 


Tjmax = 15O°C,0j A =1OO°C/W(N) 
TjMAX = 150 o C,e JA =150 o C/W(S) 


ORDERPART 

NUMBER 


LT1253CN8 

LT1253CS8 


S8 PART MARKING 


1253 


OUT A [T 
-IN A [T 
+IN A |T 

v + [T 

+INB [? 
-INB [T 
OUT B [7 


OUT D 

ii: 


T7] v~ 

1 +INC 
J] -INC 
T] OUT C 


N PACKAGE S PACKAGE 

14-LEAD PLASTIC DIP 14-LEAD PLASTIC SOIC 


Tjmax= 150°C, 0 JA = 70°C/W (N) 
Tjmax = 150°C, 0 JA = 100°C/W (S) 


ORDER PART 
NUMBER 


LT1254CN 

LT1254CS 


Consult factory for Industrial and Military grade parts. 


CL6CTRICRL CHRRRCTCRISTICS 0°C < T a < 70°C, V$ = ±5V to ±12V, unless otherwise noted. 


Symbol 

Parameter 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



5 

15 

mV 

+Ib 

Noninverting Bias Current 



1 

15 

PA 

-Ib 

Inverting Bias Current 



20 

100 

PA 

Avol 

Large-Signal Voltage Gain 

V s = ±5V, V 0 = ±2V, R L = 150Q 

560 

1500 


V/V 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ±1 2 V 

60 

70 


dB 

CMRR 

Common-Mode Rejection Ratio 

V S = ±5V,V CM = ±2V 

55 

65 


dB 

VoUT 

Maximum Output Voltage Swing 

V s = ±1 2V, R l = 500Q 

±7.0 

±10.5 


V 



V s = ±5V, R l = 150Q 

±2.5 

±3.7 


V 

•out 

Maximum Output Current 


30 

55 


mA 

Is 

Supply Current 

Per Amplifier 


6 

11 

mA 

Rin 

Input Resistance 


1 

10 


MQ 

C|N 

Input Capacitance 


3 

PF 


Power Supply Range Dual 


±2 


±12 

V 


Single 


4 


24j 

V 


Channel Separation 

f = 10MHz 

88 

dB 

SR 

Input Slew Rate 

A v = 1 

125 

\I/ps 


Output Slew Rate 

ii 

IN3 

250 

y/\is 
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LT1 253/ LT 1254 


€L€CTRICni CHRRIKTCRISTICS 0°C <Ta < 70°C, V s = ±5V to ±12V, unless otherwise noted. 


Symbol 

Parameter 

CONDITIONS 

MIN TYP MAX 

UNITS 

tr 

Small-Signal Rise Time 

V s = ±12V, A v = 2 

3.5 

ns 


Rise and Fall Time 

V$ = ±5V, Ay = 2, Vout = 1 Vp-p 

5.8 

ns 


Propagation Delay 

V s = ±5V, Ay = 2 

m ; 

ns 


Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Note 2: Tj is calculated from the ambient temperature T A and power 
dissipation P D according to the following formulas: 


LT1253CN8: Tj = T A + (Pd x 100°C/W) 
LT1253CS8: Tj = T A + (P D x 150°C/W) 
LT1254CN:Tj = T A + (P D x70°C/W) 
LT1254CS: Tj = T A + (P D x 100°C/W) 


TVPicni nc p€RFonmnnc€ 


BANDWIDTH 


Vs 

Av 

Rl 

Rf 

Rg 

Small Signal 
-3dB BW (MHz) 

Small Signal 
-O.ldB BW (MHz) 

Small Signal 
Peaking (dB) 

±12 

1 

1000 

1100 

None 

270 

51 

3.4 

±12 

1 

150 

1000 

None 

204 

48 

1.3 

±12 

-1 

1000 

750 

150 

110 

59 

0.1 

±12 

-1 

150 

768 

768 

89 

50 

0.1 

±12 

2 

1000 

715 

715 

179 

76 

0.3 

±12 

2 

150 

715 

715 

117 

62 

0 

±12 

5 

1000 

680 

180 

106 

42 

0 

±12 


150 

680 

180 

90 

47 

0 

±12 

10 

1000 

620 

68.1 

89 

49 

0.1 

±12 

10 

150 

620 

68.1 

80 

46 

0.1 

±5 

1 

1000 

787 

None 

218 

53 

1.5 

±5 


150 

787 

None 

158 

91 

0.1 

±5 

-1 

1 

1000 

715 

715 

76 

28 

0.1 

±5 

-1 

150 

715 

715 

70 

30 

0.1 

±5 

2 

1000 

620 

620 

117 

58 

0.1 

±5 

2 

150 

620 

620 

92 

52 

0.1 

±5 

5 

1000 

620 

150 

82 

36 

0 

±5 

5 

150 

620 

150 

72 

34 

0 

±5 

10 

1000 

562 

61.9 

70 

35 

0 

±5 

10 

150 

562 

61.9 

65 

28 

0 


NTSC VIDEO (Note 1) 


Vs 

Ay 

Rl 

Rf 

i 

Rg 

DIFFERENTIAL 

GAIN 

DIFFERENTIAL 

PHASE 

±12 

2 

1000 

750 

750 

0.01% 

0.03° 

±12 

2 

150 

750 

750 

0.01% 

0.12° 

±5 

2 

1000 

750 

750 

0.03% 

0.18° 

±5 

2 

150 

750 

750 

0.03% 

0.28° 


Note 1 : Differential Gain and Phase are measured using a Tektronix TSG amplifier stages were cascaded giving an effective resolution of 0.01 % 
120 YC/NTSC signal generator and a Tektronix 1780R Video Measurement and 0.01°. 

Set. The resolution of this equipment is 0.1% and 0.1°. Ten identical 
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GAIN (dB) GAIN (dB) GAIN (dB) 


Tvpicm P€RFonmnnc€ cHiwncTcmsTics 


±12 V Frequency Response 


±5V Frequency Response 




±12V Frequency Response 


±5V Frequency Response 





LT 1253/54 • TPC14 


LT1 253/5 







LT1253/LT1254 

TYPICAL P€RFORmnnC€ CHRRRCT€RISTICS 


Transient Response 



A v = 1 V 0 = 1V 
R L = 1 50S2 


Transient Response 



Rq = 61 .90 A v = 10 
V 0 = 1.5V R L = 150Q 


RppucRTions iHFORmnnon 

Power Dissipation 

The LT1253/LT1 254 amplifiers combine high speed and 
large output current drive into very small packages. Be- 
cause these amplifiers work over a very wide supply range, 
it is possible to exceed the maximum junction temperature 
under certain conditions. To insure that the LT1253/ 
LT1254 are used properly, we must calculate the worst 
case power dissipation, define the maximum ambient 
temperature, select the appropriate package and then 
calculate the maximum junction temperature. 

The worst case amplifier power dissipation is the total of 
the quiescent current times the total power supply voltage 
plus the power in the 1C due to the load. The quiescent 
supply current of the LT1253/LT1254 has a strong nega- 
tive temperature coefficient. The supply current of each 
amplifier at 150°C is less than 7mA and typically is only 
4.5mA. The power in the 1C due to the load is a function of 
the output voltage, the supply voltage and load resistance. 
The worst case occurs when the output voltage is at half 
supply, if it can go that far, or its maximum value if it 
cannot reach half supply. 

For example, let’s calculate the worst case power dissipa- 
tion in a video cable driver operating on a ±1 2V supply that 
delivers a maximum of 2V into 1500. 


PdMAX = 2 X Vs X IsMAX + (Vs - VoMAx) x VoMAx/R|_ 
Pdmax = 2 X 1 2V X 7mA + (1 2V - 2 V) x 2V/1 50 
= 0.168 + 0.133 = 0.301 Watt per Amp 

Now if that is the dual LT1253, the total power in the 
package is twice that, or 0.602W. We now must calculate 
how much the die temperature will rise above the ambient. 
The total power dissipation times the thermal resistance of 
the package gives the amount of temperature rise. For the 
above example, if we use the S8 surface mount package, 
the thermal resistance is 150°C/W junction to ambient in 
still air. 

Temperature Rise = Pdmax x Rgja = 0.602W 
x 150°C/W = 90.3°C 

The maximum junction temperature allowed in the plastic 
package is 150°C. Therefore the maximum ambient al- 
lowed is the maximum junction temperature less the 
temperature rise. 

Maximum Ambient = 150°C - 90.3°C = 59.7°C 

Note that this is less than the maximum of 70°C that is 
specified in the absolute maximum data listing. In order to 
use this package at the maximum ambient we must lower 
the supply voltage or reduce the output swing. 
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LT1 253/ LT 1254 


APPUCATIOflS IHFORfllATIOfl 

As a guideline to help in the selection of the LT1253/ 
LT1 254, the following table describes the maximum sup- 
ply voltage that can be used with each part based on the 
following assumptions: 

1 . The maximum ambient is 70°C. 

2. The load is a double-terminated video cable, 150£X 

3. The maximum output voltage is 2 V (peak or DC). 




MAX POWER 
at MAX T a 

LT1253CN8 

V s <±14 (Abs Max) 

0.800W 

LT1253CS8 

V s <±10.6 

0.533W 

LT1254CN 

V s <±11.4 

1.1 43W 

LT1254CS 

V s <±7.6 

0.727W 


simpuFicD scHcmnnc 

One Amplifier 
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TECHNOLOGY 


LT1259/LT1260 


F€RTUR€S 

■ 90MHz Bandwidth on +5V 

■ O.ldB Gain Flatness >30MHz 

■ Completely Off in Shutdown, OpA Supply Current 

■ High Slew Rate: 1 600 V/jjs 

■ Wide Supply Range: ±2V(4V) to ±15V(30V) 

■ 60mA Output Current 

■ Low Supply Current: 5mA/Amplifier 

■ Differential Gain: 0.016% 

■ Differential Phase: 0.075° 

■ FastTurn-On Time: 100ns 

■ Fast Turn-Off Time: 40ns 

■ 14-Pin and 16-Pin Narrow SO Packages 

flPPUCATIOnS 

■ RGB Cable Drivers 

■ Spread Spectrum Amplifiers 

■ MUX Amplifiers 

■ Composite Video Cable Drivers 

■ Portable Equipment 


Low Cost Dual and Triple 
130MHz Current Feedback 
Amplifiers with Shutdown 

DCSCRIPTIOn 

The LT1259 contains two independent 130MHz current 
feedback amplifiers, each with a shutdown pin. These 
amplifiersare designed for excellent linearity while driving 
cables and other low impedance loads. The LT1260 is a 
triple version especially suited to RGB video applications. 
These amplifiers operate on all supplies from single 5 V to 
+15V and draw only 5mA per amplifier when active. 

When shut down, the LT 1 259/LT 1 260 amplifiers draw 
zero supply current and their outputs become high 
impedance. Only two LT 1 260s are required to make a 
complete 2-input RGB MUX and cable driver. These 
amplifiers turn on in only 100ns and turn off in 40ns, 
making them ideal in spread spectrum and portable 
equipment applications. 

The LT 1 259/LT 1 260 amplifiers are manufactured on 
Linear Technology’s proprietary complementary bipolar 
process. 


TVPICfll RPPUCRTIOR 


2-lnput Video MUX Cable Driver 


Square Wave Response 
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LT 1 259/ LT 1260 


absolute mnximum aatiags 


Supply Voltage ±18V 

Input Current ±15mA 

Output Short-Circuit Duration (Note 1 ) Continuous 

Specified Temperature Range (Note 2) 0°C to 70°C 


Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 4) 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R lAFORmATIOn 


-IN A \T 
+ IN A E 
GND [T 
GND [T 
GND [][ 
+INB E - 

-INB [T“ 


TOP VIEW 


fsc ml ENA 


i|| OUT A 
12] V + 

TT] GND 

T^ V" 

T] OUT B 


p" _ 

A- TrI fn 


■pi EN B 


N PACKAGE S PACKAGE 

14-LEAD PLASTIC DIP 14-LEAD PLASTIC SOIC 


Tjm A X = 150°C, 0j A = 70°C/W (N) 
Tjmax = 1 50°C, Oja = 1 1 0°C/W (S) 


ORDER PART 
NUMBER 


LT1259CN* 

LT1259CS* 


-IN R \T 
+INR E 
GND E 
-ING E 
+ ING E 
GND E 
+INB E 
-INB E 


TOP VIEW 

O 


H] ENR 
El OUT R 

El V + 

-N^— U ENG 

OUT G 

TT] v 

V N i — E] OUT B 
- j] EN B 


N PACKAGE 


S PACKAGE 


16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC 


Tjmax = 15O°C,0 ja = 7O o C/W(N) 
Tjmax = 150°C, 0 JA = 100°C/W (S) 


ORDER PART 
NUMBER 


LT1260CN* 

LT1260CS* 


*See Motes 2 and 3. 

Consult factory for Industrial and Military grade parts. 


€l€CTRICRl CHRRRCTCRISTICS 

0°C < Ta < 70°C, each amplifier V C ivi = OV, ±5V < Vs < ±15V, EN pins = OV, pulse tested, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C 


2 10 

mV 




• 

12 

mV 


Input Offset Voltage Drift 


• 

15 

p,V/°C 

l|N + 

Noninverting Input Current 

T a = 25°C 


0.5 3 

pA 




• 

6 

pA 

Iin“ 

Inverting Input Current 

T A = 25°C 


8 60 

mA 




• 

70 

pA 

e n 

Input Noise Voltage Density 

f = 1kHz, R F = Ik, R G = 10a, R s = 0Q 


3.6 

nV/VHz 

+ *n 

Noninverting Input Noise Current Density 

f = 1kHz 


1.3 

pA/VHi 

~*n 

Inverting Input Noise Current Density 

f = 1 kHz 


45 

pA/VHz 

Rin 

Input Resistance 

V| N = ±13V, V s = ±15V 

• 

2 17 

MQ 



Vim = ±3V, V S = ±5V 

• 

2 25 


C|N 

Input Capacitance 

Enabled 


2 

PF 



Disabled 


4 

PF 

CoUT 

Output Capacitance 

Disabled 

i 

4.4 

PF 


rruumi 
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LT 1 259/ LT 1260 


€l€CTRICRl CHRRRCTCRISTICS 


0°C < T A < 70°C, each amplifier Vcm = OV, ±5V < Vs < ±15V, EN pins = OV, pulse tested, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vim 

Input Voltage Range 

V s = ±1 5V, T a = 25°C 


±13 

±13.5 


V 




• 

±12 



V 



V S = ±5V, T A = 25°C 


±3 

±3.5 


V 




• 

±2 



V 

VoUT 

Maximum Output Voltage Swing 

V s = ±1 5V, R l = Ik 

• 

±12.0 

±14.0 


V 



V s = ±5V, R L = 150a, T A = 25°C 


±3.0 

±3.7 


V 




• 

±2.5 



V 

CMRR 

Common-Mode Rejection Ratio 

V s = ±15V, Vq M = ±13V, T a = 25°C 


55 

69 


dB 



V s = ±15V, V cm = ±12V 

• 

55 



dB 



V s = ±5V,V cm = ±3V,T a = 25°C 


52 

63 


dB 



Vs = ±5V,V C m = ±2V 

• 

52 



dB 


Inverting Input Current 

V S = ±15V, Vqm = ±13V, T A = 25°C 



3.5 

10 

pA/V 


Common-Mode Rejection 

V s = ±15V, V cm = ±12V 

• 



10 

pA/V 



V S = ±5V, V CM = ±3V, T a = 25°C 



4.5 

10 

pA/V 



V s = ±5V, V cm = ±2V 

• 



10 

pA/V 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±1 5V, EN Pins at V", T A = 25°C 


60 

80 


dB 



V s = ±3V to ±1 5V, EN Pins at V" 

• 

60 



dB 


Noninverting Input Current 

V s = ±2V to ±15V, EN Pins at V~, T A = 25°C 



15 

50 

nA/V 


Power Supply Rejection 

V s = ±3Vto±15V, EN Pins at V~ 

• 



60 

nA/V 


Inverting Input Current 

V s = ±2V to ±1 5V, EN Pins at V", T A = 25°C 



0.1 

5 

pA/V 


Power Supply Rejection 

V s = ±3V to ±1 5V, EN Pins at V- 

• 



5 

pA/V 

Av 

Large-Signal Voltage Gain 

V S = ±15V, V O ut = ±10V, R l = Ik 

• 

57 

72 


dB 



V s = ±5V, V 0U t = ±2V, R l = 150Q 

• 

57 

69 


dB 

r ol 

Transresistance, AVout/AIin" 

V s = ±15V,V O ut = ±10V, Rl = Ik 

• 

120 

300 


k a 



V s = ±5V, V 0U T = ±2V, R L =150H 


100 

200 


ka 

l0UT 

Maximum Output Current 

r l = on, T a = 25°C 


30 

60 


mA 

>s 

Supply Current per Amplifier 

V S = ±15V, Vqjjt = OV, T a = 25°C 



5.0 

7.5 

mA 


(Note 5) 


• 



7.9 

mA 



V s = ±5V, V 0U t = OV, T a = 25°C 



4.5 

6.7 

mA 


Disable Supply Current per Amplifier 

V s = ±15V, EN Pin Voltage = 14.5V, R L = 150Q 

• 


3 

16.7 

pA 



Vs = ±1 5V, Sink 1 pA From EN Pin 

• 


1 

2.7 

pA 


Enable Pin Current 

V s = ±15V, EN Pin Voltage = OV, T A = 25°C 

i 


60 

100 

pA 




• 



150 

pA 

SR 

Slew Rate (Note 6) 

T a = 25°C 


900 

1600 


V/ps 

tON 

Turn-On Delay Time (Note 7) 

A v = 10, T a = 25°C 



100 

200 

ns 

tOFF 

Turn-Off Delay Time (Note 7) 

A v = 10, T A = 25°C 



40 

150 

ns 

tr.tf 

Small-Signal Rise and Fall Time 

V S = ±12V, R F = R G = 1.5k, R l = 150Q 


4.2 

ns 


Propagation Delay 

V s = ±1 2V, R f = R g = 1.5k, R l = 1 50L2 


4.7 

ns 


Small-Signal Overshoot 

V s = ±12 V, R F = R 6 = 1.5k, R l = 150Q 


5 

% 

ts 

Settling Time 

0.1%, V 0U T = 10V, R f = R g = 1.5k, R L = Ik 


75 

ns 


Differential Gain (Note 8) 

V S = ±12V, R f = R g = 1.5k, R L = 1 50Q 


0.016 

% 


Differential Phase (Note 8) 

V S = ±12V, R F = R G = 1.5k, R l = 150Q 


0.075 

DEG 


The • denotes specifications which apply over the specified operating 
temperature range. 

Note 1: A heat sink may be required depending on the power supply 
voltage and how many amplifiers have their outputs short circuited. 


Note 2: Commercial grade parts are designed to operate over the 
temperature range of -40°C to 85°C but are neither tested nor guaranteed 
beyond 0°C to 70°C. Industrial grade parts specified and tested over 
-40°C to 85°C are available on special request. Consult factory. 
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LT 1 259/ LT 1260 


€l€CTRICRl CHARACTERISTICS 

Note 3: Ground pins are not internally connected. For best 
performance, connect to ground. 

Note 4: Tj is calculated from the ambient temperature Ta and the 
power dissipation P D according to the following formulas: 
LT1259CN:Tj = T A + (P D x70°C/W) 

LT1259CS: Tj = T A + (P D x 1 10°C/W) 

LT1260CN:Tj = T a + (P d x70°C/W) 

LT1260CS: Tj = T A + (P D x 100°C/W) 

Note 5: The supply current of the LT 1 259/LT 1 260 has a negative 
temperature coefficient. See Typical Performance Characteristics. 
Note 6: Slew rate is measured at ±5V on a ±10V output signal while 
operating on ±1 5 V supplies with Rp = 1 k, Rq = 1 1 0Q and Rl = 1 k. 


Note 7: Turn-on delay time is measured while operating on ±5V 
supplies with Rp = 1 k, Rg = 1 1 0ft and Rl = 1 50Q. The tow is measured 
from control input to appearance of 0.5V at the output, for Vin = 0.1V. 
Likewise, turn-off delay time is measured from control input to 
appearance of 0.5V on the output for Vin = 0.1V. 

Note 8: Differential gain and phase are measured using a Tektronix 
TSG120YC/NTSC signal generator and a Tektronix 1780R Video 
Measurement Set. The resolution of this equipment is 0.1% and 0.1°. 
Six identical amplifier stages were cascaded giving an effective 
resolution of 0.016% and 0.016°. 


TVPicni tie p€RFOflmnnc€ 


Vs (V) 

Ay 

R l (Q) 

R F (Q) 

Rg(^) 

SMALL SIGNAL 
-3dB BW (MHz) 

SMALL SIGNAL 

O.ldB BW (MHz) 

SMALL SIGNAL 
PEAKING (dB) 

±12 

2 

150 

1.5k 

1.5k 

130 

53 

0.1 

±5 

2 

150 

1.1k 

1.1k 

93 

40 

0 

±12 

10 

150 

1.1k 

121 

69 

20 

0.13 

±5 

10 

150 

825 

90.9 

61 

16 

0 


typical P€RFORmnnc€ characteristics 
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Output Impedance in Shutdown 
vs Frequency 



100k 1M 10M 100M 

FREQUENCY (Hz) 

LT1 259/60 • TPC1 1 


Output Saturation Voltage 
vs Temperature 



LT1 259/60 -TPC1 4 


Maximum Capacitive Load 
vs Feedback Resistor 



FEEDBACK RESISTOR (kG) 

LT1 259/60 • TPC12 


< 

E 


Supply Current vs Supply Voltage 



SUPPLY VOLTAGE (±V) 


LT1 259/60 -TPC1 3 


Input Common-Mode Limit 
vs Temperature 

v + 

-0.5 

>- 10 

S-1.5 

£- 2.0 

Q 
O 

z 2.0 

0 

1 1-5 


0.5 
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Output Short-Circuit Current 
vs Junction Temperature 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LT1 259/60 •TPC1 6 


LT1 259/60 •TPC1 5 


Settling Time to IQmV 



0 100 200 300 400 500 600 700 800 

SETTLING TIME (ns) 

LT1259/60 • TPC17 



irmm 


2-261 










LT 1 259/LT 1 260 


SimPUFICD SCHCmnTIC , each amplifier 



nppucOTions inFonmnnon 

Feedback Resistor Selection 

The small-signal bandwidth of the LT1 259/ LT1 260 are set 
by the external feedback resistors and the internal junction 
capacitors. As a result, the bandwidth is a function of the 
supply voltage, the value of the feedback resistor, the 
closed-loop gain and the load resistor. The LT 1 259/LT 1 260 
have been optimized for±5V supply operation and have a 
— 3dB bandwidth of 90MHz. See resistor selection guide in 
Typical AC Performance table. 

Capacitance on the Inverting Input 

Current feedback amplifiers require resistive feedback 
from the output to the inverting input for stable operation. 
Take care to minimize the stray capacitance between the 
output and the inverting input. Capacitance on the invert- 
ing input to ground will cause peaking in the frequency 
response (and overshoot in the transient response). See 
the section on Demo Board Information. 

Capacitive Loads 

The LT1259/LT1260 can drive capacitive loads directly 
when the proper value of feedback resistor is used. The 
graph of Maximum Capacitive Load vs Feedback Resistor 
should be used to select the appropriate value. The value 
shown is for <5dB peaking when driving a 1 50Q load at a 
gain of 2. This is a worst case condition. The amplifier is 


more stable at higher gains. Alternatively, a small resistor 
(1 OQ to 20Q) can be put in series with the output to isolate 
the capacitive load from the amplifier output. This has the 
advantage that the amplifier bandwidth is only reduced 
when the capacitive load is present. The disadvantage is 
that the gain is a function of the load resistance. 

Power Supplies 

The LT 1 259/LT 1 260 will operate from single or split 
supplies from ±2 V (4V total) to ±1 5 V (30V total). It is not 
necessary to use equal value split supplies, however the 
offset voltage and inverting input bias current will change. 
The offset voltage changes about 500pV per volt of 
supply mismatch. The inverting bias current can change 
as much as 5pA per volt of supply mismatch though 
typically, the change is about 0.1 pA per volt. 

Slew Rate 

The slew rate of a current feedback amplifier is not 
independent of the amplifier gain configuration the way 
slew rate is in a traditional op amp. This is because both the 
input stage and the output stage have slew rate limitations. 
In the inverting mode, and for higher gains in the nonin- 
verting mode, the signal amplitude between the input pins 
is small and the overall slew rate is that of the output stage. 
For gains less than ten in the noninverting mode, the 
overall slew rate is limited by the input stage. 
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The input slew rate of the LT 1 259/LT 1 260 is approxi- 
mately 270V/ps and is set by internal currents and capaci- 
tances. The output slew rate is set by the value of the 
feedback resistors and internal capacitances. At a gain of 
10 with at Ik feedback resistor and +15V supplies, the 
output slew rate is typically 1600V/ps. Larger feedback 
resistors will reduce the slew rate as will lower supply 
voltages, similar to the way the bandwidth is reduced. 

The graph of Maximum Undistorted Output vs Frequency 
relates the slew rate limitations to sinusoidal input for 
various gains. 


Large-Signal Transient Response, Av = 2 



Vs =±15V Rl = 400Q 
Rp = Rq = 1.6k 


Large-Signal Transient Response, Av = 10 



Vs=±i5v r g = non 

R f = 1k Rl = 400n 


Enable/Disable 

The LT 1 259/LT 1 260 amplifiers have a unique high imped- 
ance, zero supply current mode which is controlled by 
independent EN pins. When disabled, an amplifier output 


looks like a 4.4pF capacitor in parallel with a 75k resistor, 
excluding feedback resistor effects. These amplifiers are 
designed to operate with open drain logic: the EN pins have 
internal pullups and the amplifiers draw zero current when 
these pins are high. To activate an amplifier, its EN pin is 
pulled to ground (or at least 2 V below the positive supply). 
The enable pin current is approximately 60pA when 
activated. Input referred switching transients with no 
input signal applied are only 35mV positive and 80mV 
negative with Rl = 1000. 


EN 


OUTPUT 


The enable/disable times are very fast when driven from 
standard 5 V logic. The amplifier enables in about 1 00ns 
(50% point to 50% point) while operating on +5V sup- 
plies. Likewise the disable time is approximately 40ns 
(50% point to 50% point) or 75ns to 90% of the final 
value. The output decay time is set by the output capaci- 
tance and load resistor. 


Amplifier Enable Time, Av = 10 



V s = ±5V Rf = Ik R l = 1S0£1 
V|H = 0.1V Rg = 110Q 


Output Switching Transient 



Vs = ±5V R F = R a = 1 ,6k 
V| N = 0V R l = 100Q 
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Amplifier Disable Time, Ay = 10 



Vm-o.iv r g = non 

Differential Input Signal Swing 

The differential input swing is limited to about ±6V by an 
ESD protection device connected between the inputs. In 
normal operation, the differential voltage between the 


Amplifier Enable/Disable Time, Av = 2 



V s = ±5V Rp= Rg = 1.6k mrnmm.m 

V| B »2VPPat2MHz R L = 100.Q 


input pins is small, so this clamp has no effect. In the 
disabled mode however, the differential swing can be the 
same as the input swing, and the clamp voltage will set the 
maximum allowable input voltage. 


TVPicfli nppucmions 

2-lnput Video MUX Cable Driver 

The application on the first page shows a low cost, 2- 
input video MUX cable driver. The scope photo displays 
the cable output of a 30MHz square wave driving 1 50£1 
In this circuit the active amplifier is loaded by Rp and Rq 
of the disabled amplifier, but in this case it only causes a 
1.2% gain error. The gain error can be eliminated by 


2-lnput Video MUX Switching Response 



V S = ±5V Rf = R G = 1.6k 

V|NA = Vin 2 = 2VPP at 2MHz R l = 100£Z 


configuring each amplifier as a unity-gain follower. The 
switching jime between channels is 100ns when both 
El\l A and El\l B are driven. 

2-lnput RGB MUX Cable Driver Demonstration Board 

A complete 2-input RGB MUX has been fabricated on PC 
Demo Board #039A. The board incorporates two LT1 260s 
with outputs summed through 75£2 back termination 
resistors as shown in the schematic. There are several 
things to note about Demo Board #039A: 

1 . The feedback resistors of the disabled LT1260 load 
the enabled amplifier and cause a small (1 % to 2%) 
gain error depending on the values of Rp and Rq. 
Configure the amplifiers as unity-gain followers to 
eliminate this error. 

2. The feedback node has minimum trace length connect- 
ing Rp and Rg to minimize stray capacitance. 

3. Ground plane is pulled away from Rp and Rg on both 
sides of the board to minimize stray capacitance. 
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typical application 

4. Capacitors Cl and C6 areoptional and only needed to 
reduce overshoot when EN 1 or EN 2 are activated with 
a long inductive ground wire. 

5. The R, G and B amplifiers have slightly different 
frequency responses due to different output trace 
routing to Rf (between pins 3 and 4). All amplifiers 
have slightly less bandwidth in PCB #039 than when 
measured alone as shown in the Typical AC Perfor- 
mance table. 

6. Part-to-part variation can change the peaking by 
±0.25dB. 

RGB Demo Board Gain vs Frequency 


RGB Demo Board All Hostile Crosstalk 


Vs = ±12V 

r l = loon 

>■-20 -Rf= Rg = 1-6k 
- Ro = mo 



1 10 100 
FREQUENCY (MHz) 


_V S = ±12V 
R L = 150Q 
2 -R f = R G = 1.6k ~ 



10 100 
FREQUENCY (MHz) 


RGB Demo Board Gain vs Frequency 


_V S = ±5V 
R l = 150Q 
2 _R F = R G = 1.1k _ 



1 10 100 
FREQUENCY (MHz) 


P-DIP PC Board #039 


m CRl V+ V- GND 
Cl • 


fill 



■ ^WtoWM B.tJ H WWU l WIU l . JWHI I ftklMIBM .il pMia ii ii|i. i .i| 1.1 I I I v 


LTI260 RGB AMPLIFIER 
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TECHNOLOGY 1 2MHz, 400 V/|lis Op Amp 


F€RT(JR€S 

■ 12MHz Gain-Bandwidth 

■ 400V/;xs Slew Rate 

■ 1 ,25mA Maximum Supply Current 

' Unity Gain Stable 

> C-Load™ Op Amp Drives All Capacitive Loads 
' 10nV/VHz Input Noise Voltage 

> 800|iV Maximum Input Offset Voltage 
' 300nA Maximum Input Bias Current 

> 70nA Maximum Input Offset Current 

> 12V/mV Minimum DC Gain, Rl=1I< 

• 230ns Settling Time to 0.1%, 10V Step 

i 280ns Settling Time to 0.01%, 10V Step 

• +12.5V Minimum Output Swing into 500L2 

• ±3V Minimum Output Swing into 1 500 
' Specified at ±2.5V, ±5V, and ±1 5 V 

ippucnTions 

• Wideband Amplifiers 
' Buffers 

i Active Filters 
i Data Acquisition Systems 
i Photodiode Amplifiers 


DCSCRIPTIOR 

The LT1354 is a low power, high speed, high slew rate 
operational amplifier with outstanding AC and DC perfor- 
mance. The LT 1 354 has much lower supply current, lower 
input offset voltage, lower input bias current, and higher 
DC gain than devices with comparable bandwidth. The 
circuit topology is a voltage feedback amplifier with the 
slewing characteristics of a current feedback amplifier. 
The amplifier is a single gain stage with outstanding 
settling characteristics which makes the circuit an ideal 
choice for data acquisition systems. The output drives a 
500H load to ±1 2.5V with ±1 5V supplies and a 1 50L2 load 
to ±3V on ±5 V supplies. The amplifier is also stable with 
any capacitive load which makes it useful in buffer or cable 
driver applications. 

The LT1354 is a member of a family of fast, high perfor- 
mance amplifiers using this unique topology and employ- 
ing Linear Technology Corporation’s advanced bipolar 
complementary processing. For dual and quad amplifier 
versions of the LT1354 see the LT1355/LT1356 data 
sheet. For higher bandwidth devices with higher supply 
current see the LT1357 through LT1365 data sheets. 
Singles, duals, and quads of each amplifier are available. 

C-Load is a trademark of Linear Technology Corporation 


rVPICRL RPPUCRTIOR 


1 00kHz, 4th Order Butterworth Filter A v = -1 Large-Signal Response 
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arsoiutc mnximum ratirgs 


Total Supply Voltage (V + to V") 36V 

Differential Input Voltage ±1 OV 

Input Voltage ±Vs 

Output Short-Circuit Duration (Note 1) Indefinite 

Operating Temperature Range -40°C to 85°C 


Specified Temperature Range -40°C to 85°C 

Maximum Junction Temperature (See Below) 

Plastic Package 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec)..... 300°C 


PACKAG€/ORD€R inFORfllRTIOn 



TOP VIEW 


NULL [T 


T] NULL 

-IN {T 


T\ v + 

+IN |T 


H Vout 

V" GE 


H NC 


N8 PACKAGE, 8-LEAD PLASTIC DIP 
Tjmax = 150°C, Qja = 130°C/W 


ORDER PART 
NUMBER 


LT1354CN8 


TOP VIEW 


NULL |T 
-IN [T 

v-|T 


J] NULL 

Dv* 

3 VouT 

J] NC 


ORDER PART 
NUMBER 


LT1354CS8 


S8 PART MARKING 


S8 PACKAGE, 8-LEAD PLASTIC SOIC 


Tjmax = 150"C,e JA = 190"C/W 


1354 


Consult factory for Industrial and Military grade parts. 


CICCTRICAL CHRRRCT6RISTICS Ta = 25°C, Vqivi = 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN 

TYP 

MAX 

UNITS 

V 0S 

Input Offset Voltage 


±1 5 V 


0.3 

0.8 

mV 




±5V 


0.3 

0.8 

mV 




±2.5V 


0.4 

1.0 

mV 

'os 

Input Offset Current 


±2.5V to ±15V 


20 

70 

n/s 

<B 

Input Bias Current 


±2.5V to ±15V 


80 

300 

n/s 

e n 

Input Noise Voltage 

f = 10kHz 

±2.5V to ±1 5 V 

10 

nV/VHi 

•n 

Input Noise Current 

f = 10kHz 

±2.5V to ±1 5 V 

0.6 

pA/VH2 

Rin 

Input Resistance 

V C m = ±12V 

±15V 

70 

160 


m 



Differential 

+15V 


11 


m 

C|N 

Input Capacitance 


±15V 

I 3 | 

PF 


Input Voltage Range + 


±15V 

12.0 

13.4 


V 




±5V 

2.5 

3.5 


V 




±2.5V 

0.5 

1.1 


V 


Input Voltage Range - 


±15V 


-13.2 

-12.0 

V 




±5V 


-3.4 

-2.5 

\ 




±2.5 V 


-0.9 

-0.5 


CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

83 

97 


dE 


■ 

V C m = ±2.5V 

±5V 

78 

84 


dE 


- 

V cm = ±0.5V 

+2.5V 

68 

75 


dE 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±1 5V 


92 

106 


dE 

Avol 

Large-Signal Voltage Gain 

Vout = ±12V, R l = Ik 

±15V 

12 

36 


V/m\ 



v 0U t = ±1 0V, R L = 500a 

+15V 

5 

15 


V/m\ 



V 0U T = ±2.5V, R L = Ik 

±5V 

12 

36 


V/m\ 



V O ut = ±2.5V,R l = 500Q 

±5V 

5 

15 


V/m\ 



V 0 ut = ±2.5V, R l = 150q 

±5V 

1 

4 


V/m\ 

■ 


Vout = ±1V, R[_ = 500Q 

±2.5V 

5 

20 


V/m\ 

Vout 

Output Swing 

Ri_= Ik, V| N = ±40mV 

±15V 

13.3 

13.8 


±\ 



R l = 500Q, V||\| = ±40mV 

±15V 

12.5 

13.0 


±\ 



R l = 500Q, V )N = ±40mV 

±5V 

3.5 

4.0 


±\ 



Rl = 150^, V||\| = ±40mV 

±5V 

3.0 

3.3 


±\ 



Rl = 500Q, V||\j = ±40mV 

±2.5V 

1.3 

1.7 


±\ 
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LT1354 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vqm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN TYP MAX 

UNITS 

■out 

Output Current 

Vqut = ±12.5V 

±15V 

25 30 

mA 



Vout = ±3V 

±5V 

20 25 

mA 

Isc 

Short-Circuit Current 

VouT=0V, V||\| = ±3V 

±15V 

CM 

•^r 

CD 

CO 

mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±1 5 V 

200 400 

V/|xs 




±5V 

70 120 

V/|is 


Full Power Bandwidth 

10V Peak, (Note 3) 

±15V 

6.4 

MHz 



3V Peak, (Note 3) 

±5V 

6.4 

MHz 

3BW 

Gain-Bandwidth 

f = 200kHz, R L = 2k 

±1 5 V 

9.0 12.0 

MHz 




±5V 

7.5 10.5 

MHz 




±2.5V 

9.0 

MHz 

tn tf 

Rise Time, Fall Time 

Ay = 1, 10%-90%, 0.1V 

±1 5V 

14 

ns 




±5 V 

17 

ns 


Overshoot 

Ay = 1,0.1V 

±15V 

20 

% 




±5V 

18 

% 


Propagation Delay 

50% V| N to 50% Vqut, 0.1V 

±1 5 V 

16 

ns 




±5V 

19 

ns 

t'S 

Settling Time 

10V Step, 0.1%, Ay = -1 

±1 5 V 

230 

ns 



10V Step, 0.01%, Ay = — 1 

±15V 

280 

ns 



5V Step, 0.1%, Ay = -1 

±5V 

240 

ns 



5V Step, 0.01%, Ay = -1 

±5V 

380 

ns 


Differential Gain 

f = 3.58MHz, Ay = 2, R L = Ik 

±1 5V 

2.2 

% 




+5V 

2.1 

% 


Differential Phase 

f = 3.58MHz, Ay = 2, R L = Ik 

+15V 

3.1 

Deg 




+5V 

3.1 | 

Deg 

*0 

Output Resistance 

Ay = 1, f = 100kHz 

±1 5 V 

0.7 

Q 

f S 

Supply Current 


±15V 

1.0 1.25 

mA 




±5V 

0.9 1.20 

mA 


ELECTRICAL CHARACTERISTICS 0°C < Ta < 70°C, V C m = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN TYP MAX 

UNITS 

^OS 

Input Offset Voltage 


±15V 

• 

1.0 

mV 




±5V 

• 

1.0 

mV 




±2.5V 

• 

1.2 

mV 


Input Vos Dri 'ft 

(Note 4) 

±2.5V to ±1 5 V 

• 

5 8 

piV/°C 

OS 

Input Offset Current 


±2.5V to±15V 

• 

100 

nA 

B 

Input Bias Current 


±2.5V to±15V 

• 

450 

nA 

SMRR 

Common-Mode Rejection Ratio 

Vcm = ±12V 

±15V 

• 

81 

dB 



V C m = ±2.5V 

±5V 

• 

77 

dB 



Vcm = ±0.5V 

±2.5V 

• 

67 

dB 

3 SRR 

Power Supply Rejection Ratio 

V S = ±2.5V to±15V 


• 

90 

dB 

^VOL 

Large-Signal Voltage Gain 

Vout = ±12V, R|_ = Ik 

±15V 

• 

10.0 

V/ mV 



Vout = ±1 0V, R|_ = 500Q 

±15V 

• 

3.3 

V/ mV 



V 0U T = ±2.5V, R L = Ik 

±5V 

• 

10.0 

V/mV 



V 0U T = ±2.5V, R l = 500Q 

±5V 


3.3 

V/m V 



V 0U T = ±2.5V, R l = 150Q 

±5V 


0.6 

V/mV 



Vqut = ±1V, R l = 500Q 

±2.5V 


3.3 

V/m V 


rrunwi 
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ELECTRICAL CHARACTERISTICS 0°C < Ta < 70°C, Vcm = 0 V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VsUPPLY 

MIN TYP MAX 

UNITS 

VoUT 

Output Swing 

R L = Ik, V|n = ±40mV 

±1 5 V 


13.2 

±V 



R l = 500Q, V| N = ±40mV 

±1 5 V 


12.0 

±v 



Rl = 500Q, V|fj = ±40mV 

±5V 

• 

3.4 

±v 



R l = 150Q, V| N = ±40mV 

±5V 


2.8 

±v 



Rl = 500Q, V|n = ±40mV 

±2.5V 


1.2 

±v 

l0UT 

Output Current 

Vout = ±12V 

±15V 

* 

24.0 

mA 



Vqut = ±2.8V 

±5V 

• 

18.7 

mA 

•sc 

Short-Circuit Current 

Vout= OV, V|n = ±3V 

±15V 

• 

24 

mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±15V 

• 

150 

V/p.s 




±5V 

• 

60 

V/(LIS 

GBW 

Gain-Bandwidth 

f = 200kHz, R l = 2k 

±15V 

• 

7.5 

MHz 




±5V 

• 

6.0 

MHz 

•s 

Supply Current 


±15V 


1.45 ; 

mA 




±5V 


1.40 

mA 


ELECTRICAL CHARACTERISTICS -40°C < Ta < 85°C, Vcm = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

VsUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±15V 

• 

1.5 

mV 




±5V 

• 

1.5 

mV 




±2.5V 

• 

1.7 

mV 


Input Vqs Drift 

(Note 4) 

±2.5V to ±1 5 V 

• 

5 8 

|uV/°C 

•os 

Input Offset Current 


±2.5V to ±15V 

• 

200 

nA 

Ib 

Input Bias Current 


±2.5V to ±15 V 


550 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

• 

80 

dB 



V C m = ±2.5V 

±5V 

• 

76 

dB 



V cm = ±0.5V 

±2.5V 

• 

66 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±1 5 V 


• 

90 

dB 

Avol 

Large-Signal Voltage Gain 

V out = ±12V, Rl = Ik 

±15V 

• 

7.0 

V/mV 



Vqut = ±1 OV, Rl = 500Q 

±1 5 V 

• 

1.7 

V/mV 



Vout = ±2.5V, Rl = Ik 

±5V 

• 

7.0 

V/mV 



V 0 ut = ±2.5V, R L = 500Q 

±5 V 

• 

1.7 

V/mV 



V 0 ut = ±2.5V, R L =150Q 

±5V 

• 

0.4 

V/mV 



V 0 ut = ±1V, R L = 500Q 

±2.5V 

• 

1.7 

V/mV 

Vout 

Output Swing 

R L = Ik, Vim = ±40mV 

±15V 

• 

13.0 

±V 



R l = 500Q, V| N = ±40mV 

±15V 

• 

11.5 

±V 



Rl = 500Q, V| N = ±40mV 

±5V 

• 

3.4 

±V 



Rl = 1 50Q, V|[\| = ±40mV 

±5V 

• 

2.6 

±V 



Rl = 500Q, V|M = ±40mV 

±2.5V 

• 

1.2 

±V 

•out 

Output Current 

Vqut = ±1 1.5V 

±15V 

• 

23.0 

mA 



V out = ±2.6V 

±5V 

• 

17.3 

mA 

•sc 

Short-Circuit Current 

Vout = 0V, V, n = ±3V 

±15V 

• 

23 

mA 

SR 

Slew Rate 

Ay = -2, (Note 2) 

+15V 

• 

120 

V/|is 




±5V 

• 

50 

V/jxs 
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€l€CTRICRl CHARACTERISTICS -40°C < Ta < 85°C, Vqm = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN TYP MAX 

UNITS 

GBW 

Gain-Bandwith 

f = 200kHz, R l = 2k 

±1 5 V 

• 

7.0 

MHz 




±5V 

• 

5.5 

MHz 

Is 

Supply Current 


±15V 

• 

1.50 

mA 




±5V 

• 

1.45 

mA 


The • denotes specifications that apply over the full operating 
temperature range. 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Slew rate is measured between ±10V on the output with ±6V input 
for ±1 5V supplies and ±1V on the output with ±1.75V input for±5V supplies. 


Note 3: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/2rcVp. 

Note 4: This parameter is not 100% tested. 

Note 5: The LT1354 is not tested and is not quality-assurance sampled at 
-40°C and at 85°C. These specifications are guaranteed by design, 
correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 


TVPICAl PERFORfARACE CHARACTERISTICS 


Supply Current vs Supply Voltage 
and Temperature 









125°C 

— 




"" 
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SUPPLY VOLTAGE (±V) 


Input Bias Current vs 
Input Common-Mode Voltage 



Input Bias Current vs 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Input Noise Spectral Density 
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FREQUENCY (Hz) 


I 


Open-Loop Gain vs 
Resistive Load 



10 100 Ik 10k 

LOAD RESISTANCE («) 


1354 G05 
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HARMONIC DISTORTION (dB) P TOTAL HARMONIC DISTORTION (%) 


LT1354 
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LT1354 


Tvpicm. p€RFonmnnc€ chrrrct€ristics 


Large-Signal Transient 
(Av = 1) 



1354TA34 


Large-Signal Transient 
(Av = -1) 



1354 TA35 


Large-Signal Transient 
(Ay = 1 , C|_ = 1 0,000pF) 



1354TA36 


fippucnnons mFORmnuon 

The LT1354 may be inserted directly into many high 
speed amplifier applications improving both DC and AC 
performance, provided that the nulling circuitry is 
removed. The suggested nulling circuit for the LT1354 is 
shown below. 

Offset Nulling 


v + 



Layout and Passive Components 

The LT1354 amplifier is easy to apply and tolerant of less 
than ideal layouts. For maximum performance (for 
example fast settling time) use a ground plane, short lead 
lengths, and RF-quality bypass capacitors (0.01 |iF to 
0.1p.F). For high drive current applications use low ESR 
bypass capacitors (IjxFto 1 0pF tantalum). Sockets should 
be avoided when maximum frequency performance is 
required, although low profile sockets can provide 
reasonable performance up to 50MHz. For more details 
see Design Note 50. 


The parallel combination of the feedback resistor and gain 
setting resistor on the inverting input can combine with 
the input capacitance to form a pole which can cause 
peaking or oscillations. For feedback resistors greater 
than 5kfl, a parallel capacitor of value 

Cp > Rg x C||\|/Rp 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cp should be greater 
than or equal to Cin- 

Capacitive Loading 

The LT1354 is stable with any capacitive load. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases, both the bandwidth and phase 
margin decrease so there will be peaking in the frequency 
domain and in the transient response as shown in the 
typical performance curves.The photo of the small-signal 
response with 1 0OOpF load shows 43% peaking. The large 
signal response with a 10,000pF load shows the output 
slew rate being limited to 5V/ps by the short-circuit 
current. Coaxial cable can be driven directly, but for best 
pulse fidelity a resistor of value equal to the characteristic 
impedance of the cable (i.e., 75Q) should be placed in 
series with the output. The other end of the cable should 
be terminated with the same value resistor to ground. 
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flppucmions mFonmnnon 

Input Considerations 

Each of the LT 1 354 inputs is the base of an N PN and a PIMP 
transistor whose base currents are of opposite polarity 
and provide first-order bias current cancellation. 
Because of variation in the matching of NPN and PNP 
beta, the polarity of the input bias current can be positive 
or negative. The offset current does not depend on beta 
matching and is well controlled. The use of balanced 
source resistance at each input is recommended for 
applications where DC accuracy must be maximized. The 
inputs can withstand differential input voltages of up to 
10V without damage and need no clamping or source 
resistance for protection. 

Power Dissipation 

The LT1354 combines high speed and large output drive 
in a small package. Because of the wide supply voltage 
range, it is possible to exceed the maximum junction 
temperature under certain conditions. Maximum junction 
temperature (Tj) is calculated from the ambient tempera- 
ture 0a) and power dissipation (Pq) as follows: 

LT1354CN8: Tj = T A + (P D x 130°C/W) 

LT1354CS8: Tj = T A + (P D x 190°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). Therefore Pdmax is: 

Pdmax = ( v+ - V~)(Ismax) + (V + /2) 2 /R[_ 

Example: LT1354CS8 at 70°C, V s = ±15V, R L = 100£2 
(Note: the minimum short-circuit current at 70°C is 
24mA, so the output swing is guaranteed only to 2.4V with 
100Q.) 

Pdmax = (30V)(1 .45mA) + (1 5V-2.4V)(24mA) = 346mW 
Tjmax = 70°C + (346mW)(190°C/W) = 136°C 


Circuit Operation 

The LT1354 circuit topology is a true voltage feedback 
amplifier that has the slewing behavior of a current feed- 
back amplifier. The operation of the circuit can be under- 
stood by referring to the simplified schematic. The inputs 
are buffered by complementary NPN and PNP emitter 
followers which drive an 8000 resistor. The input voltage 
appears across the resistor generating currents which are 
mirrored into the high impedance node. Complementary 
followers form an output stage which buffers the gain 
node from the load. The bandwidth is set by the input 
resistor and the capacitance on the high impedance node. 
The slew rate is determined by the current available to 
charge the gain node capacitance. This current is the 
differential input voltage divided by R1, so the slew rate 
is proportional to the input. Highest slew rates are there- 
fore seen in the lowest gain configurations. For example, 
a 1 0 V output step in a gain of 1 0 has only a IV input step, 
whereas the same output step in unity gain has a 1 0 times 
greater input step. The curve of Slew Rate vs Input Level 
illustrates this relationship. The LT1354 is tested for slew 
rate in a gain of -2 so higher slew rates can be expected 
in gains of 1 and -1 , and lower slew rates in higher gain 
configurations. 

The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 1 80 degrees (zero phase 
margin) and the amplifier remains stable. 
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TYPICIH. flPPUCOTIOnS 


Instrumentation Amplifier 



TRIM R5 FOR GAIN 

TRIM R1 FOR COMMON-MODE REJECTION 
BW = 120kHz 


1354 TA03 


100kHz, 4th Order Butterworth Filter 
(Sallen-Key) 



simpuFKD scHcmnnc 
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KRTURCS 

■ 12MHz Gain-Bandwidth 

■ 400V/|iS Slew Rate 

■ 1.25mA Maximum Supply Current per Amplifier 

■ Unity Gain Stable 

■ C-Load™ Op Amp Drives All Capacitive Loads 

■ 10nV/VRz Input Noise Voltage 

■ 800|iV Maximum Input Offset Voltage 

■ 300nA Maximum Input Bias Current 

■ 70nA Maximum Input Offset Current 

■ 12V/mV Minimum DC Gain, Rl=1I< 

■ 230ns Settling Time to 0.1 %, 1 0 V Step 

■ 280ns Settling Time to 0.01 %, 1 0V Step 

■ ±12.5V Minimum Output Swing into 500fl 

■ ±3V Minimum Output Swing into 150£2 

■ Specified at +2.5V, ±5V, and ±15V 

rppucrtiors 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Data Acquisition Systems 

■ Photodiode Amplifiers 


LT1355/LT1356 

Dual and Quad 
12MHz, 400V/(is Op Amps 

DCSCRIPTIOR 

The LT1355/LT1356 are dual and quad low power high 
speed operational amplifiers with outstanding AC and DC 
performance. The amplifiers feature much lower supply 
current and higher slew rate than devices with comparable 
bandwidth. The circuit topology is a voltage feedback 
amplifier with matched high impedance inputs and the 
slewing performance of a current feedback amplifier. The 
high slew rate and single stage design provide excellent 
settling characteristics which make the circuit an ideal 
choice for data acquisition systems. Each output drives a 
500Q load to ±1 2.5V with ±1 5V supplies and a 1 50L2 load 
to ±3V on +5V supplies. The amplifiers are stable with any 
capacitive load making them useful in buffer applications. 

The LT 1 355/LT 1 356 are members of a family of fast, high 
performance amplifiers using this unique topology and 
employing Linear Technology Corporation’s advanced 
bipolar complementary processing. For a single amplifier 
version of the LT 1 355/LT 1 356 see the LT 1 354 data sheet. 
For higher bandwidth devices with higher supply currents 
seethe LT1 357 through LT1365 datasheets. Bandwidths 
of 25MHz, 50MHz, and 70MHz are available with 2mA, 
4mA, and 6mA of supply current per amplifier. Singles, 
duals, and quads of each amplifier are available. 

C-Load is a trademark of Linear Technology Corporation 


TVPICRl RPPUCRTIOR 


100kHz, 4th Order Butterworth Filter 

6.81k 5.23k 



Ay = -1 Large-Signal Response 



1355/1 356 TA02 
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LT1355/LT1356 


absolute mnximum ratirgs 


Total Supply Voltage (V + to V“) 36V 

Differential Input Voltage ±10V 

Input Voltage ±V$ 

Output Short-Circuit Duration (Note 1) Indefinite 

Operating Temperature Range -40°C to 85°C 


Specified Temperature Range -40°C to 85°C 

Maximum Junction Temperature (See Below) 

Plastic Package 1 50°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IRFORfRATIOn 


OUT A \T 
-IN A |T 
+IN A [T 

v~ |T 


TOP VIEW 

O 



X v+ 

T\ OUT B 
X -IN B 
X +IMB 


N8 PACKAGE 
8-LEAD PLASTIC DIP 
Tjmax = 150°C, Oja = 130°C/W 


ORDER PART 
NUMBER 


LT1355CN8 


OUT a [7 
-IN a (T 
+IN A QT 

v - [T 



X v + 

T} OUT B 
X -IN B 
X +INB 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 
Tjmax = 150°C, 0ja=19O°C/W 


ORDER PART 
NUMBER 


LT1355CS8 


S8 PART MARKING 


1355 


OUT A [T 
-IN A [Y 
+IN A |T 

v + \T 

+IN B |T 
-INB |T 
OUT B [7 


7Y 


14] OUT D 
T|] -IN D 
12] +IND 

TT] v~ 

D +INC 
JO -INC 
X| OUT C 


N PACKAGE 
14-LEAD PLASTIC DIP 


Tjmax = 150°C, e JA = 110 o C/W 


ORDER PART 
NUMBER 


LT1356CN 


OUT A [T| 
-IN A |T 

+IN A [J 1 
v + (T 

+IN B [X I 
-IN B |X | 
OUT B [7 
NC |X | 



3X1 ° UTD 

15] -IN D 
U\ +IND 

X v~ 

X +IN C 
X “INC 
X OUT C 
X NC 


S PACKAGE 

16-LEAD PLASTIC SOIC 
Tjmax = 15O°C,0j A = 15O°C/W 


ORDER PART 
NUMBER 


LT1356CS 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vqivj = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±15V 

0.3 0.8 

mV 




±5 V 

0.3 0.8 

mV 




±2.5 V 

0.4 1.0 

mV 

>0S 

Input Offset Current 


±2.5V to ±15V 

20 70 

nA 

Ib 

Input Bias Current 


+2.5V to ±15V 

80 300 

nA 

e n 

Input Noise Voltage 

f = 10kHz 

±2.5V to ±1 5V 

10 

nV/VHz 

■n 

Input Noise Current 

f = 10kHz 

±2.5V to ±15V 

0.6 

pA/VHz 

Rin 

Input Resistance 

V C m = ±12V 

±1 5V 

70 160 

MQ 


Input Resistance 

Differential 

±15V 

11 

MQ 

C|N 

Input Capacitance 


±15V 

3 

PF 
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LT 1 355/ LT 1356 


€l€CTRICRl CHARACTERISTICS T a = 25°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN 

TYP 

MAX 

UNITS 


Input Voltage Range + 

1 

±15V 

12.0 

13.4 


V 




±5V 

2.5 

3.5 


V 




±2.5V 

0.5 

1.1 


V 


Input Voltage Range “ 


1 ±15V 


-13.2 

-12.0 

V 




±5V 


-3.4 

-2.5 

V 




+2.5V 


-0.9 

-0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V cm = ±12V 

±15V 

83 

97 


dB 



V cm = ±2.5V 

±5V 

78 

84 


dB 



| V cm = ±0.5V 

±2.5V 

68 

75 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to±15V 


92 

106 


dB 

Avol 

Large-Signal Voltage Gain 

V 0U t = ±12V, R l = Ik 

±15V 

12 

36 


V/mV 



Vout = ±10V, R[_ = 500Q 

±15V 

5 

15 


V/mV 



V 0 ut = ±2.5V, R l = Ik 

±5V 

12 

36 


V/mV 



, V 0 ut = ±2.5V, R L = 500Q 

±5V 

5 

15 


V/ mV 



I V 0 ut = ±2.5V, R L = 150Q 

±5V 

1 

4 


V/m V 



[ Vqut = ±1 V, R l = 500Q 

±2.5V 

5 

20 


V/m V 

VoUT 

Output Swing 

R L = 1k,V| N = ±40mV 

±15V 

13.3 

13.8 


±V 



Rl = 500Q, V||\| = ±40mV 

±15V 

12.5 

13.0 


±V 



R l = 500Q, V| N = ±40mV 

±5V 

3.5 

4.0 


±V 



R l = 150Q, V||\| = ±40mV 

±5V 

3.0 

3.3 


±V 



R L = 500ft, V| N = ±40mV 

±2.5V 

1.3 

1.7 


±V 

l0UT 

Output Current 

! V 0UT = ±1 2.5V 

±15V 

25 

30 


mA 



Vout = ±3V 

±5V 

20 

25 


mA 

•sc 

Short-Circuit Current 

V OU t = 0V,V in = ±3V 

±15V 

30 

42 


mA 

SR 

Slew Rate 

A v = - 2, (Note 2) 

±15V 

200 

400 


V/jj,s 




±5V 

70 

120 


V/jas 


Full Power Bandwidth 

10V Peak, (Note 3) 

±15V 


6.4 


MHz 



3V Peak, (Note 3) 

±5V 


6.4 


MHz 

GBW 

Gain-Bandwidth 

f = 200kHz, R L = 2k 

±15V 

9.0 

12.0 


MHz 




+5V 

7.5 

10.5 


MHz 




±2.5V 


9.0 


MHz 

tr.tf 

Rise Time, Fall Time 

Ay = 1, 10%-90%, 0.1V 

±15V 


14 


ns 




±5V 


17 


ns 


Overshoot 

Ay = 1,0.1V 

±1 5V 


20 


% 




±5V 


18 


% 


Propagation Delay 

50% V| N to 50% Vqut. 0.1V 

±15V 


16 


ns 




±5V 


19 


ns 

t s 

Settling Time 

10V Step, 0.1%, Ay = — 1 

±15V 


230 


ns 



10V Step, 0.01%, Ay = -1 

±15V 


280 


ns 



5 V Step, 0.1%, Ay = -1 

±5V 


240 


ns 



5V Step, 0.01%, Ay = — 1 

±5V 


380 


ns 


Differential Gain 

f = 3.58MHz, A v = 2, R L = Ik 

±15V 


2.2 


% 




±5V 


2.1 


% 


Differential Phase 

f = 3.58MHz, A v = 2, R L = Ik 

±1 5V 


3.1 


Deg 




±5V 


3.1 


Deg 

Ro 

Output Resistance 

Ay = 1, f = 100kHz 

±1 5V 

0.7 

ft 


Channel Separation 

V OU T = ±10V, R l = 500ft 

±15V 

100 

113 


dB 

Is 

Supply Current 

Each Amplifier 

±15V 


1.0 

1.25 

mA 



Each Amplifier 

±5V 


0.9 

1.20 

mA 
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LT 1 355/ LT 1356 


€l€CTRICRl CHARACTERISTICS 0°C < Ta < 70°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±1 5 V 


1.0 

mV 




±5V 


1.0 

mV 




±2.5V 

• 

1.2 

mV 


Input Vos Drift 

(Note 4) 

±2.5V to ±1 5V 


5 8 

^V/°C 

•os 

Input Offset Current 


±2.5V to ±1 5 V 


100 

nA 

•b 

Input Bias Current 


±2.5V to ±1 5V 


450 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 


81 

dB 



V C m = ±2-5V 

±5V 


77 

dB 



V CM = ±0.5V 

±2.5V 

• 

67 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±1 5 V 


• 

90 

dB 

a vol 

Large-Signal Voltage Gain 

V 0U t = ±12V, R l = Ik 

+15V 


10.0 

V/mV 



Vqut = ±1 OV, Rl = 500Q 

±15V 


3.3 

V/mV 



V 0U t = ±2.5V, R l = Ik 

±5 V 

• 

10.0 

V/mV 



Vqut = ±2.5V, R l = 500O 

±5V 


3.3 

V/mV 



Vqut = ±2.5V, R L = 150£2 

±5V 


0.6 

V/mV 



V 0UT = ±1V, R L = 5000 

±2.5V 


3.3 

V/mV 

VoUT 

Output Swing 

R L = Ik, V| N = ±40mV 

+15V 


13.2 

±V 



Rl = 500 Q, V||\| = ±40mV 

±15V 


12.0 

±V 



R l = 500Q, V| N = ±40mV 

±5V 


3.4 

±V 



R l = 150Q, Vim = ±40mV 

±5V 

• 

2.8 

±V 



Rl = 500Q, V||\| = ±40mV 

±2.5V 


1.2 

±V 

•out 

Output Current 

V 0U t = ±12V 

±15V 

• 

24.0 

mA 



Vout = ±2.8V 

±5V 


18.7 

mA 

•sc 

Short-Circuit Current 

Vout= OV, V||\| = ±3V 

+15V 

• 

24 

mA 

SR 

Slew Rate 

A v = — 2 , (Note 2) 

±15V 


150 

V/|is 




±5V 


60 

V/jis 

GBW 

Gain-Bandwidth 

f = 200kHz, R l = 2k 

±1 5 V 

• 

7.5 

MHz 




±5V 

• 

6.0 

MHz 


Channel Separation 

V OU t = ±10V, R l = 5000 

±1 5 V 

• 

98 

dB 

•s 

Supply Current 

Each Amplifier 

±15V 

• 

1.45 

mA 



Each Amplifier 

±5V 


1.40 

mA 


ELECTRICAL CHARACTERISTICS -40°C < T A < 85°C, Vqivi = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±15V 

• 

1.5 

mV 




±5V 

• 

1.5 

mV 




±2.5V 

• 

1.7 

mV 


Input Vqs Drift 

(Note 4) 

±2.5V to ±15V 

• 

5 8 

(llV/° C 

•os 

Input Offset Current 


±2.5V to +15V 

• 

200 

nA 

•b 

Input Bias Current 


±2.5V to ±1 5V 

• 

550 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±1 5 V 

• 

80 

dB 



Vcm = ±2.5V 

±5V 

• 

76 

dB 



V CM = ±0.5V 

±2.5V 

• 

66 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to±15V 


• 

90 

dB 
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LT 1 355/ LT 1 356 


€l€CTRICRl CHARACTERISTICS -40°C < Ta < 85°C, Vcm = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Avol 

Large-Signal Voltage Gain 

V 0UT = ±12V, R l = Ik 

±1 5 V 

• 

7.0 

V/m V 



V O ut = ±10V, R(_ = 500Q 

±1 5 V 

• 

1.7 

V/mV 



V 0U T = ±2.5V, R l = Ik 

±5V 

• 

7.0 

V/m V 



Vqut = ±2.5V, R L = 500Q 

±5V 

• 

1.7 

V/mV 



Vqut = ±2.5V, R l = 150Q 

±5V 

• 

0.4 

V/mV 



Vout = ±1V, Rl = 500Q 

±2.5V 

• 

1.7 

V/mV 

VoUT 

Output Swing 

R l = Ik, Viw = ±40mV 

±1 5V 

• 

13.0 

±V 



Rl = 500Q, V||\| = ±40mV 

±15V 

• 

11.5 

±V 



Rl = 500Q, V||\j = ±40mV 

±5V 

• 

3.4 

±V 



R l = 150Q, V| N = ±40mV 

±5V 

• 

2.6 

±V 



Rl = 500Q, V||\| = ±40mV 

±2.5V 

• 

1.2 

±V 

■out 

Output Current 

Vout = ±1 1.5V 

±1 5 V 

• 

23.0 

mA 



Vqut = ± 2.6V 

±5V 

• 

17.3 

mA 

•sc 

Short-Circuit Current 

V 0 UT=OV, V,M = ±3V 

±15V 


23 

mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±15V 


120 

V/|is 




±5V 


50 

V/lis 

GBW 

Gain-Bandwidth 

f = 200kHz, R l = 2k 

±15V 


7.0 

MHz 




±5V 

• 

5.5 

MHz 


Channel Separation 

Vout = ±10V, R l = 500Q 

+15V 


98 

dB 

•s 

Supply Current 

Each Amplifier 

±1 5V 

• 

1.50 

mA 



Each Amplifier 

±5V 


1.45 

mA 


The • denotes specifications that apply over the full operating temperature 
range. 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Slew rate is measured between ±10V on the output with ±6V input 
for ±1 5V supplies and ±1V on the output with ±1 .75V input for±5V 
supplies. 


Note 3: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = (SR)/27iVp. 

Note 4: This parameter is not 100% tested. 

Note 5: The LT1355/LT1356 are not tested and are not quality-assurance 
sampled at-40°C and at 85°C. These specifications are guaranteed by 
design, correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 


TVPICRl P€RFOR(l)RnC€ CHARACTERISTICS 


Supply Current vs Supply Voltage 
and Temperature 


1.0 









1 25°C 

— ^ 




- — 



25°C 




-55°C 






5 10 15 

SUPPLY VOLTAGE (±V) 


Input Common-Mode Range vs 
Supply Voltage 


T a = 25°C 



AVqs < 

mV 




































5 10 15 

SUPPLY VOLTAGE (±V) 


Input Bias Current vs 
Input Common-Mode Voltage 



1355/1356 G02 


1355/1356 G03 
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TVPICfll P€RFORmnnC€ CHRRRCTCRISTICS 


Input Bias Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Input Noise Spectral Density 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


o 

C/5 



1355/1356 G04 


1355/1356 G05 


Open-Loop Gain vs Temperature 



Output Voltage Swing vs 
Supply Voltage 



v _ + 


Output Short-Circuit Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


1355/1356 G10 


Settling Time vs Output Step 
(Noninverting) 



Open-Loop Gain vs 
Resistive Load 



50 1 i i i mm i i i m m i m i n i 

10 100 Ik 10k 

LOAD RESISTANCE (Q) 

1355/1356 G06 


Output Voltage Swing vs 
Load Current 



- 50-40 -30 -20 -10 0 10 20 30 40 50 
OUTPUT CURRENT (mA) 


1355/1356 G09 


Settling Time vs Output Step 
(Inverting) 



_10 I I I I B I S 

50 100 150 200 250 300 350 

SETTLING TIME (ns) 


1355/1356 G12 
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GAIN (dB) GAIN-BANDWIDTH (MHz) OUTPUT IMPEDANCE (ft) 


LT 1 355/ LT 1356 


TYPICAL PCRFORfllRRCC CHARACTERISTICS 


Output Impedance vs Frequency 



Frequency Response vs 
Capacitive Load 


10 

3 

— min 

V S = ±15V 


T A = 25°C 

~ 6 

- A v = -1 


100k 1M 10M 100M 

FREQUENCY (Hz) 



1M 10M 

FREQUENCY (Hz) 


Gain-Bandwidth and Phase 
Margin vs Supply Voltage 


| 5 

MARGIN 4 

4 

44 

42 

40 

IDWIDTH 36 

— | 34 

-T a = 25°C- 32 


5 10 15 

SUPPLY VOLTAGE (±V) 


Gain-Bandwidth and Phase 
Margin vs Temperature 


PHASE MARGIN 
-V S = ±15V^ 


PHASE MARGIN 
— V S = ±5V 


GAIN-BANDWIDTH 
^V S = ±15V 


10 -GAIN-BANDWIDTH - 
o Vs = ±5V 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Frequency Response vs 
Supply Voltage (Ay = 1 ) 
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Frequency Response vs 
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Gain and Phase vs Frequency 
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Power Supply Rejection Ratio 
vs Frequency 
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PHASE MARGIN (DEG) 








HARMONIC DISTORTION (dB) P T0TAL HARMONIC DISTORTION (%) SLEW RATE (V/^is) 


LT1355/LT1356 





A v = -2 

_SR = SR+ + SR " 
2 


-50 -25 0 25 50 75 100 125 



SUPPLY VOLTAGE (±V) 


TEMPERATURE (°C) 


Total Harmonic Distortion 
vs Frequency 


= T a = 25°C : 
Vo = 3 Vrms 



Undistorted Output Swing vs 
Frequency (±15V) 



«V = - 1. 

4% MAX DISTORTION 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


2nd and 3rd Harmonic Distortion 
vs Frequency 



Crosstalk vs Frequency 


T a = 25°C 

-50 V||\| = 0dBm " 

R l = 500Q 
- 60 “A V = 1 


2-285 









LT 1 355/ LT 1356 


tvpicri P€RFonmnnc€ chrrrctcristics 


Small-Signal Transient 
(A V = 1) 



1355/1356 G31 


Small-Signal Transient 
(Ay = — 1 ) 



Small- Signal Transient 
(Ay = —1 , C L = lOOOpF) 



1355/1356 G33 


Large-Signal Transient 
(A V = 1) 



1355/1356 G34 


Large-Signal Transient 
( A v = — 1 ) 



1355/1356 G35 


Large-Signal Transient 
(Ay = 1 , C L = 1 0,000pF) 



Rppucnnons inFORmflTion 

Layout and Passive Components 

The LT1355/LT1356 amplifiers are easy to use and toler- 
ant of less than ideal layouts. For maximum performance 
(for example, fast 0.01% settling) use a ground plane, 
short lead lengths, and RF-quality bypass capacitors 
(0.01 nF to O.lpiF). For high drive current applications use 
low ESR bypass capacitors (IpiF to 10|iF tantalum). 

The parallel combination of the feedback resistor and gain 
setting resistor on the inverting input combine with the 
input capacitance to form a pole which can cause peaking 
or oscillations. If feedback resistors greater than 5ki2 are 
used, a parallel capacitor of value 

Cp > Rg x C|i\|/Rp 


should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cpshould begreaterthan 
or equal to Cin- 

Capacitive Loading 

The LT1355/LT1356 are stable with any capacitive load. 
As the capacitive load increases, both the bandwidth and 
phase margin decrease so there will be peaking in the 
frequency domain and in the transient response. Coaxial 
cable can be driven directly, but for best pulse fidelity a 
resistor of value equal to the characteristic impedance of 
the cable (i.e., 75Q) should be placed in series with the 
output. The other end of the cable should be terminated 
with the same value resistor to ground. 
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LT1355/LT1356 


AppucOTions ifiFORmnnon 

Input Considerations 

Each of the LT 1 355/LT 1 356 amplifier inputs is the base of 
an NPN and PNP transistor whose base currents are of 
opposite polarity and provide first-order bias current 
cancellation. Because of variation in the matching of NPN 
and PNP beta, the polarity of the input current can be 
positive or negative. The offset current does not depend 
on beta matching and is well controlled. The use of 
balanced source resistance at each input is recommended 
for applications where DC accuracy must be maximized. 
The inputs can withstand differential input voltages of up 
to 10V without damage and need no clamping or source 
resistance for protection. 

Circuit Operation 

The LT1355/LT1356 circuit topology is a true voltage 
feedback amplifier that has the slewing behavior of a 
current feedback amplifier. The operation of the circuit can 
be understood by referring to the simplified schematic. 
The inputs are buffered by complementary NPN and 
PNP emitter followers which drive an 800Q resistor. The 
input voltage appears across the resistor generating 
currents which are mirrored into the high impedance 
node. Complementary followers form an output stage 
which buffers the gain node from the load. The bandwidth 
is set by the input resistor and the capacitance on the high 
impedance node. The slew rate is determined by the 
current available to charge the gain node capacitance. 
This current is the differential input voltage divided by R1, 
so the slew rate is proportional to the input. Highest slew 
rates are therefore seen in the lowest gain configurations. 
For example, a 1 0V output step in a gain of 1 0 has only a 
IV input step, whereas the same output step in unity gain 
has a 10 times greater input step. The curve of Slew Rate 
vs Input Level illustrates this relationship. The LT1355/ 
LT1356 are tested for slew rate in a gain of -2 so higher 
slew rates can be expected in gains of 1 and -1 , and lower 
slew rates in higher gain configurations. 


The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity-gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 180 degrees (zero phase 
margin) and the amplifier remains stable. 

Power Dissipation 

The LT1 355/LT 1 356 combine high speed and large output 
drive in small packages. Because of the wide supply 
voltage range, it is possible to exceed the maximum 
junction temperature under certain conditions. Maximum 
junction temperature (Tj) is calculated from the ambient 
temperature Oa) and power dissipation (Pd) as follows: 

LT1355CN8: Tj = T a + (P d x130°C/W) 

LT1355CS8: Tj = T A + (P D x190°C/W) 

LT1356CN: Tj = T A + (P D x 110°C/W) 

LT1356CS: Tj = T A + (P D x 150°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). For each amplifier Pqmax is: 

Pdmax = (V + -V-)(I S max) + (V + /2) 2 /R l 

Example: LT1356 in SI 6 at 70°C, V s = ±15V, R L = Ik 

Pdmax = (30V)(1 ,45mA) + (7.5V) 2 /1kW = 99.8mW 

Tjmax = 70°C + (4 x 99.8mW)(150°C/W) = 130°C 


xru m 
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TVPicm nppucnnons 


Instrumentation Amplifier 



TRIM R5 FOR GAIN 

TRIM R1 FOR COMMON-MODE REJECTION 
BW = 120kHz 


1355/1 356 TA03 


100kHz, 4th Order Butterworth Filter 
(Sallen-Key) 



simpuFKD scHcmnnc 
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/rurm lie 

TECHNOLOGY 25MHz, 600V/|is Op Amp 


FCATURCS 

■ 25MHz Gain-Bandwidth 

■ 600V/|xs Slew Rate 

■ 2.5mA Maximum Supply Current 

■ Unity Gain Stable 

■ C-Load™ Op Amp Drives All Capacitive Loads 

■ 8nV/VHz Input Noise Voltage 

■ 600nV Maximum Input Offset Voltage 

■ 500nA Maximum Input Bias Current 

■ 120nA Maximum Input Offset Current 

■ 20V/mV Minimum DC Gain, Rl= 1 k 

■ 115ns Settling Time to 0.1%, 10V Step 

■ 220ns Settling Time to 0.01%, 10V Step 

■ +12.5V Minimum Output Swing into 500Q 

■ ±3V Minimum Output Swing into 1500 

■ Specified at ±2.5V, ±5V, and ±1 5 V 

APPLICATORS 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Data Acquisition Systems 

■ Photodiode Amplifiers 


D6SCRIPTIOR 

The LT1357 is a high speed, very high slew rate opera- 
tional amplifier with outstanding AC and DC performance. 
The LT1357 has much lower supply current, lower input 
offset voltage, lower input bias current, and higher DC gain 
than devices with comparable bandwidth. The circuit 
topology is a voltage feedback amplifier with the 
slewing characteristics of a current feedback amplifier. 
The amplifier is a single gain stage with outstanding 
settling characteristics which makes the circuit an ideal 
choice for data acquisition systems. The output drives a 
500n load to +12.5V with +15V supplies and a 150Q 
load to ±3V on ±5V supplies. The amplifier is also 
stable with any capacitive load which makes it useful in 
buffer or cable driver applications. 

The LT1357 is a member of a family of fast, high perfor- 
mance amplifiers using this unique topology and employ- 
ing Linear Technology Corporation’s advanced bipolar 
complementary processing. For dual and quad amplifier 
versions of the LT1357 see the LT 1 358/LT 1 359 data 
sheet. For higher bandwidth devices with higher supply 
current see the LT1360 through LT1365 data sheets. For 
lowersupply current amplifiers see the LT 1 354 and LT1 355/ 
LT1356 data sheets. Singles, duals, and quads of each 
amplifier are available. 

C-Load is a trademark of Linear Technology Corporation 


TYPICAL APPUCATIOn 

DAC l-to-V Converter 



A v = -1 Large-Signal Response 



1357 TA02 
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LT1357 


absolute mnximum nnnnGs 


Total Supply Voltage (V + to V") 36V 

Differential Input Voltage ±10V 

Input Voltage ±Vs 

Output Short-Circuit Duration (Note 1) Indefinite 

Operating Temperature Range -40°C to 85°C 


Specified Temperature Range -40°C to 85°C 

Maximum Junction Temperature (See Below) 

Plastic Package 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R IRFORmATIOR 



TOP VIEW 


ORDER PART 



TOP VIEW 

NULL \T 


3 NULL 

NUMBER 

NULL [7 



-IN |T 


T]r 


-IN [T 



+IN [T 


1] VoUT 

LT1357CN8 

+IN [T 

: 


v~ [T 


I] NC 


V- [I 




N8 PACKAGE, 8-LEAD PLASTIC DIP 


S8 PACKAGE, 8-LEAD PLAS 

Tjmax = 1 50°C, 0 JA = 130°C/W 


Tjmax = 

: 1 50°C, 0JA = 1 9C 


ORDER PART 
NUMBER 


LT1357CS8 


S8 PART MARKING 


1357 


Consult factory for Industrial and Military grade parts. 


€l€CTRICAl CHARACTERISTICS Ta = 25°C, Vqm = 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


±1 5 V 


0.2 

0.6 

mV 




±5V 


0.2 

0.6 

mV 




±2.5V 


0.3 

0.8 

mV 

>os 

Input Offset Current 


+2.5V to ±1 5 V 


40 

120 

nA 

Ib 

Input Bias Current 


+2.5V to ±1 5 V 


120 

500 

nA 

e n 

Input Noise Voltage 

f = 10kHz 

±2.5V to ±1 5 V 

8 

nV/VHz 

■n 

Input Noise Current 

f = 10kHz 

±2.5V to ±1 5 V 

0.8 

pA/VHz 

Rin 

Input Resistance 

V C m = ±12V 

±1 5V 

35 

80 


MQ 



Differential 

±15V 


6 


MQ 

C|N 

Input Capacitance 


±15V 

3 

PF 


Input Voltage Range + 


±15V 

12.0 

13.4 


V 




±5V 

2.5 

3.5 


V 




±2.5V 

0.5 

1.1 


V 


Input Voltage Range - 


±1 5 V 


-13.2 

-12.0 

V 




±5V 


-3.3 

-2.5 

V 




±2.5V 


-0.9 

-0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±1 5 V 

83 

97 


dB 



V C m = ±2.5V 

±5V 

78 

84 


dB 



V C M = ±0.5V 

±2.5V 

03 

CO 

75 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5Vto±15V 


92 

106 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 ut = ±12V, Rl = Ik 

±1 5 V 

20.0 

65 


V/mV 



V OU t = ±10V, R l = 500Q 

±1 5 V 

7.0 

25 


V/mV 



V OU t = ±2.5V, R l = 1 k 

±5V 

20.0 

45 


V/mV 



V 0U T = ±2.5V, R l = 500Q 

±5V 

7.0 

25 


V/mV 



Vout = ±2.5V, Rl = 150L2 

+5V 

1.5 

6 


V/m V 



V QU t = ±1V, R L = 500ft 

±2.5V 

7.0 

30 


V/mV 

VqUT 

Output Swing 

R l = Ik, V| N = ±40mV 

±1 5 V 

13.3 

13.8 


±V 



Rl = 500ft, V||\| = ±40mV 

±1 5 V 

12.5 

13.0 


±V 



Rl = 500ft, Vim = ±40mV 

±5V 

3.5 

4.0 


±V 



R l = 150Q, Vj N = ±40mV 

±5V 

3.0 

3.3 


±V 



Rl = 500Q, Vim = ±40mV 

±2.5V 

1.3 

1.7 


±V 
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LT1357 


€L€CTRICRl CHRRRCTCRISTICS Ta = 25°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

■out 

Output Current 

V OU t = ±12.5V 

±15V 

25 30 

mA 



Vout = ±3V 

±5V 

20 25 

mA 

■sc 

Short-Circuit Current 

Vout = 0V, V| N = ±3V 

±15V 

30 42 

mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±1 5 V 

300 600 

V/jis 




+5V 

150 220 

V/(is 


Full Power Bandwidth 

10V Peak, (Note 3) 

±1 5 V 

9.6 

MHz 



3 V Peak, (Note 3) 

±5V 

11.7 

MHz 

GBW 

Gain-Bandwidth 

f = 200kHz, R l = 2k 

±1 5 V 

18 25 

MHz 




±5V 

15 22 

MHz 




±2.5V 

20 

MHz 

tr> tf 

Rise Time, Fall Time 

A v = 1, 1 0%-90%, 0.1V 

±15V 

8 

ns 




±5V 

9 

ns 


Overshoot 

Ay = 1,0.1V 

±15V 

27 

% 




±5V 

27 

% 


Propagation Delay 

50% V| N to 50% V 0 U t, 0.1V 

±15V 

9 

ns 




±5V 

11 

ns 

ts 

Settling Time 

10V Step, 0.1%, A v = -1 

±15V 

115 

ns 



10V Step, 0.01%, Ay = — 1 

±1 5 V 

220 

ns 



5V Step, 0.1%, Ay = -1 

±5V 

110 

ns 



5V Step, 0.01%, Ay = -1 

±5V 

380 

ns 


Differential Gain 

f = 3.58MHz, Ay= 2, R L = Ik 

±1 5 V 

0.1 

% 




±5V 

0.1 

% 


Differential Phase 

f = 3.58MHz, Ay = 2, R L = Ik 

±15V 

0.50 

Deg 




±5V 

0.35 

Deg 

Ro 

Output Resistance 

=n 

CD 

CD 

1! 

1! 

> 

< 

±15V 

0.3 

Q 

Is 

Supply Current 


±15V 

2.0 2.5 

mA 




±5V 

1.9 2.4 

mA 


€L€CTRICRL CHRRRCT€RISTICS 0°C < T A < 70°C, Vqm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

V 0S 

Input Offset Voltage 


±1 5 V 

• 

0.8 

mV 




±5V 


0.8 

mV 




±2.5V 

• 

1.0 

mV 


Input Vos Dri ft 

(Note 4) 

±2.5V to ±1 5V 

• 

5 8 

|tV/°C 

■os 

Input Offset Current 


±2.5V to ±1 5 V 

• 

180 

nA 

Ib 

Input Bias Current 


±2.5V to ±15V 

• 

750 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

• 

81 

dB 



V cm = ±2.5V 

±5V 

• 

77 

dB 



Vcm = +0.5V 

±2.5V 

• 

67 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to±15V 


• 

90 

dB 

Avol 

Large-Signal Voltage Gain 

Vquj = +12V, R l = Ik 

±15V 

• 

15 

V/mV 



Vout = ±1 0V, R|_ = 500Q 

±1 5 V 

• 

5 

V/mV 



V 0U t = ±2.5V, R L = Ik 

±5V 

• 

15 

V/m V 



V 0U t = ±2.5V, R l = 500£2 

±5V 

• 

5 

V/mV 



V 0U T = +2.5V, R l = 150Q 

±5V 

• 

1 

V/mV 



Vquj = ±1 V, R l = 500Q 

±2.5V 

• 

5 

V/mV 


rruum 

TECHNOLOGY 


2-291 





LT1357 


€L€CTRICm CHMMCTCMSTICS 0°C < T A < 70°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

VOUT 

Output Swing 

R L = Ik, V| N = ±40mV 

±15V 

• 

13.2 

±V 



Rl = 500Q, Vim = ±40mV 

±15V 

• 

12.2 

±v 



R l = 500Q, Vim = ±40mV 

±5V 

• 

3.4 

±v 



Rl = 150Q, V||\| = ±40mV 

±5V 

• 

2.8 

±v 



R l = 500Q, V| N = ±40mV 

±2.5V 

• 

1.2 

±v 

■out 

Output Current 

V 0U t = ±12.2V 

±1 5V 

• 

24.4 

mA 



Vqut = ±2.8V 

+5V 

• 

18.7 

mA 

Isc 

Short-Circuit Current 

V 0 UT=OV, V| N = ±3V 

±15V 

• 

25 

mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±15V 

• 

225 

V/p.s 




±5V 

• 

125 

V/p,s 

GBW 

Gain-Bandwidth 

f = 200kHz, R L = 2k 

±1 5V 

• 

15 

MHz 




±5V 

• 

12 

MHz 

>S 

Supply Current 


±1 5V 

• 

2.9 

mA 




±5V 

• 

2.8 

mA 


€l€CTMCM. CHMMCT6RISTICS -40°C < T A < 85°C, Vcm = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±1 5 V 

• 

1.3 

mV 




±5V 

• 

1.3 

mV 




±2.5V 

• 

1.5 

mV 


Input Vos Drift 

(Note 4) 

±2.5V to ±1 5V 

• 

5 8 

JLlV/°C 

■os 

Input Offset Current 


±2.5V to ±1 5 V 

• 

300 

nA 

<b 

Input Bias Current 


±2.5V to ±1 5V 

• 

900 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±1 5 V 

• 

80 

dB 



V C m = ±2.5V 

±5V 

• 

76 

dB 



V C m = ±0.5V 

±2.5V 


66 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = +2.5V to ±1 5 V 


• 

90 

dB 

a VOL 

Large-Signal Voltage Gain 

V 0 uT = ±12V,R L =1k 

±1 5 V 

• 

10.0 

V/mV 



V OU T = ±10V, R l = 500Q 

±1 5 V 


2.5 

V/mV 



V 0U t = ±2.5V, R L = Ik 

±5V 

• 

10.0 

V/mV 



V QU T = ±2.5V, R L = 500Q 

±5V 

• 

2.5 

V/mV 



Vqut = ±2.5V, R l = 150Q 

±5V 

• 

0.6 

V/mV 



Vqut = ilV, R l = 500Q 

±2.5V 

• 

2.5 

V/mV 

Vout 

Output Swing 

R L = Ik, V| N = ±40mV 

±15V 

• 

13.0 

±V 



R l = 500Q, V|M = ±40mV 

±15V 

• 

12.0 

±V 



Rl = 500Q, V||\| = ±40mV 

±5V 

• 

3.4 

±V 



Rl = 1 50Q, V |[\| = ±40mV 

±5V 


2.6 

±V 



Rl = 500Q, V|n = ±40mV 

±2.5 V 

• 

1.2 

±V 

l0UT 

Output Current 

Vqut = ±1 2V 

±15V 

• 

24.0 

mA 



Vout = ±2.6V 

15V 

• 

17.3 

mA 

•sc 

Short-Circuit Current 

Vout=0V,V| N = ±3V 

±15V 

• 

24 

mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±1 5 V 

• 

180 

V/p.s 




±5V 

• 

100 

V/pis 
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LT1357 


€L€CTRICm CHRRRCT€RISTICS 


-40°C < Ta < 85°C, Vcm = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

1 ^SUPPLY j 

MIN TYP MAX 

UNITS 

GBW 

Gain-Bandwith 

f = 200kHz, R l = 2k 

±1 5 V 

• 

14 

MHz 




±5V 

• 

11 

MHz 

Is 

Supply Current 


+15V 

• 

3.0 

mA 




±5V 

• 

2.9 

mA 


The • denotes specifications that apply over the full operating 
temperature range. 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Slew rate is measured between ±10V on the output with ±6V input 


Note 3: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/2rcVp. 

Note 4: This parameter is not 100% tested. 

Note 5: The LT1357 is not tested and is not quality-assurance sampled at 
-40°C and at 85°C. These specifications are guaranteed by design, 


for ±1 5V supplies and ±1 V on the output with ±1 .75 V input for ±5V supplies. correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 
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LT1357 


TVPieni P€RFORfnnnC€ CHflRflCT€RISTICS 


Open-Loop Gain vs Temperature 



1357 607 


Output Voltage Swing vs 
Supply Voltage 



V + -0.5 
- 1.0 
> -1.5 
2 -2.0 

m _2 ‘ 5 
CD 
< 

t 2 ' 5 

I 2.0 

o 1.5 
1.0 
V+0.5 

-50-40 -30 -20 -10 0 10 20 30 40 50 
OUTPUT CURRENT (mA) 


Output Voltage Swing vs 
Load Current 



Output Short-Circuit Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Settling Time vs Output Step 
(Noninverting) 



50 100 150 200 250 

SETTLING TIME (ns) 


Settling Time vs Output Step 
(Inverting) 



_1Q I I I Li I I I Li I 

50 100 150 200 250 

SETTLING TIME (ns) 


1357 G11 


1357 G12 


Output Impedance vs Frequency 



Gain and Phase vs Frequency 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Gain-Bandwidth and Phase 
Margin vs Supply Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


1357 G14 


1357 G15 
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HARMONIC DISTORTION (dB) P T0TAL HARMONI£DISTORTION (%) 


LT1357 

TVPICRL P€RFORmnnC€ CHflRflCT€RISTICS 


Total Harmonic Distortion Undistorted Output Swing vs Undistorted Output Swing vs 

vs Frequency Frequency (±15V) Frequency (±5V) 



Ik 10k 

FREQUENCY (Hz) 

100k 

100k 

1M 

FREQUENCY (Hz) 

10M 

100k 

1M 

FREQUENCY (Hz) 

10M 


1357 G25 



1357 G26 



1357 G27 


2nd and 3rd Harmonic Distortion Differential Gain and Phase 

vs Frequency vs Supply Voltage Capacitive Load Handling 



FREQUENCY (Hz) SUPPLY VOLTAGE (V) CAPACITIVE LOAD (F) 


Small-Signal Transient Small-Signal Transient Small-Signal Transient 

(Ay = 1 ) (A v = -1) (Ay = —1 , C L = 1 0OOpF) 



1357TA31 1357TA32 1357TA33 
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LT1357 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Large-Signal Transient 
(A» = 1) 



1357TA34 


Large-Signal Transient 
(A V = -1) 


1357TA35 


Large-Signal Transient 
(A v = 1,C L = 10,000pF) 



1357TA36 



RppucRTions mFORmnTion 

The LT1357 may be inserted directly into many high 
speed amplifier applications improving both DC and AC 
performance, provided that the nulling circuitry is 
removed. The suggested nulling circuit for the LT1357 is 
shown below. 

Offset Nulling 


v + 



Layout and Passive Components 

The LT 1 357 amplifier is easy to apply and tolerant of less 
than ideal layouts. For maximum performance (for 
example fast settling time) use a ground plane, short lead 
lengths, and RF-quality bypass capacitors (0.01 nF to 
0.1 jxF). For high drive current applications use low ESR 
bypass capacitors (1p.F to 10p,F tantalum). Sockets should 
be avoided when maximum frequency performance is 
required, although low profile sockets can provide 
reasonable performance up to 50MHz. For more details 
see Design Note 50. 


The parallel combination of the feedback resistor and gain 
setting resistor on the inverting input can combine with 
the input capacitance to form a pole which can cause 
peaking or oscillations. For feedback resistors greater 
than 5kn, a parallel capacitor of value 

Cp > Rg x Cifj/Rp 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cp should be greater 
than or equal to Cin. 

Capacitive Loading 

The LT1357 is stable with any capacitive load. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases, both the bandwidth and phase 
margin decrease so there will be peaking in the frequency 
domain and in the transient response as shown in the 
typical performance curves.The photo of the small-signal 
response with 1 0OOpF load shows 50% peaking. The large 
signal response with a 10,000pF load shows the output 
slew rate being limited to 5V/jus by the short-circuit 
current. Coaxial cable can be driven directly, but for best 
pulse fidelity a resistor of value equal to the characteristic 
impedance of the cable (i.e., 75Q) should be placed in 
series with the output. The other end of the cable should 
be terminated with the same value resistor to ground. 
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LT1357 


nppucOTions mFonmnnon 


Input Considerations 

Each of the LT1357 inputs is the base of an NPN and 
a PNP transistor whose base currents are of opposite 
polarity and provide first-order bias current cancellation. 
Because of variation in the matching of NPN and PNP 
beta, the polarity of the input bias current can be positive 
or negative. The offset current does not depend on beta 
matching and is well controlled. The use of balanced 
source resistance at each input is recommended for 
applications where DC accuracy must be maximized. The 
inputs can withstand differential input voltages of up to 
10V without damage and need no clamping or source 
resistance for protection. 

Power Dissipation 

The LT1357 combines high speed and large output drive 
in a small package. Because of the wide supply voltage 
range, it is possible to exceed the maximum junction 
temperature under certain conditions. Maximum junction 
temperature (Tj) is calculated from the ambient tempera- 
ture 0 a) and power dissipation (Pq) as follows: 

LT1357CN8: Tj = T A + (P D x 130°C/W) 

LT1357CS8: Tj = T A + (P D x 190°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). Therefore Pdmax is: 

PdMAX = (V + - V-)(I S MAX) + (V + /2) 2 /R L 

Example: LT1357CS8 at 70°C, V s = ±15V, R L = 120Q 
(Note: the minimum short-circuit current at 70°C is 
25mA, so the output swing is guaranteed only to 3V with 
120 £ 2 .) 

Pdmax = (30V)(2.9mA) + (15V-3V)(25mA) = 387mW 


Circuit Operation 

The LT1357 circuit topology is a true voltage feedback 
amplifier that has the slewing behavior of a current feed- 
back amplifier. The operation of the circuit can be under- 
stood by referring to the simplified schematic. The inputs 
are buffered by complementary NPN and PNP emitter 
followers which drive a 500L2 resistor. The input voltage 
appears across the resistor generating currents which are 
mirrored into the high impedance node. Complementary 
followers form an output stage which buffers the gain 
node from the load. The bandwidth is set by the input 
resistor and the capacitance on the high impedance node. 
The slew rate is determined by the current available to 
charge the gain node capacitance. This current is the 
differential input voltage divided by R1, so the slew rate 
is proportional to the input. Highest slew rates are there- 
fore seen in the lowest gain configurations. For example, 
a 1 0 V output step in a gain of 1 0 has only a IV input step, 
whereas the same output step in unity gain has a 1 0 times 
greater input step. The curve of Slew Rate vs Input Level 
illustrates this relationship. The LT1357 is tested for slew 
rate in a gain of -2 so higher slew rates can be expected 
in gains of 1 and -1 , and lower slew rates in higher gain 
configurations. 

The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 1 80 degrees (zero phase 
margin) and the amplifier remains stable. 


Tjmax = 70°C + (387mW)(190°C/W) = 144°C 
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TVPicm flppucnnons 

Instrumentation Amplifier 


R5 R4 

432Q 20k 



TRIM R5 FOR GAIN 

TRIM R1 FOR COMMON-MODE REJECTION 
BW = 250kHz 


200kHz, 4th Order Butterworth Filter 

3.4k 2.61k 



VOUT 


TA04 


simpuFicD scHcmnnc 
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unm. 

TECHNOLOGY 


Fcmuncs 

■ 25MHz Gain-Bandwidth 

■ 600V/gs Slew Rate 

■ 2.5mA Maximum Supply Current per Amplifier 

■ Unity Gain Stable 

■ C-Load™ Op Amp Drives All Capacitive Loads 

■ 8nV/VHz Input Noise Voltage 

■ 600|iV Maximum Input Offset Voltage 

■ 500nA Maximum Input Bias Current 

■ 120nA Maximum Input Offset Current 

■ 20V/mV Minimum DC Gain, Rl= 1 k 

■ 11 5ns Settling Time to 0.1%, 10V Step 

■ 220ns Settling Time to 0.01%, 10V Step 

■ ±1 2.5 V Minimum Output Swing into 500n 

■ +3V Minimum Output Swing into 150n 

■ Specified at ±2.5V, ±5V, and ±1 5 V 

flppucnTions 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Data Acquisition Systems 

■ Photodiode Amplifiers 


Dual and Quad 
25MHz, 600V/|is Op Amps 

DCSCRIPTIOn 

The LT 1 358/LT 1 359 are dual and quad low power high 
speed operational amplifiers with outstanding AC and DC 
performance. The amplifiers feature much lower supply 
current and higher slew rate than devices with comparable 
bandwidth. The circuit topology is a voltage feedback 
amplifier with matched high impedance inputs and the 
slewing performance of a current feedback amplifier. The 
high slew rate and single stage design provide excellent 
settling characteristics which make the circuit an ideal 
choice for data acquisition systems. Each output drives a 
500Q load to ±1 2.5 V with ±1 5V supplies and a 1 50L2 load 
to ±3V on ±5V supplies. The amplifiers are stable with any 
capacitive load making them useful in buffer applications. 

The LT 1 358/LT 1 359 are members of a family of fast, high 
performance amplifiers using this unique topology and 
employing Linear Technology Corporation’s advanced 
bipolar complementary processing. For a single amplifier 
version of the LT1 358/LT 1 359 see the LT 1 357 data sheet. 
For higher bandwidth devices with higher supply currents 
see the LT1360 through LT1365 data sheets. For lower 
supply current amplifiers see the LT1354 and LT 1 355/ 
LT1356 data sheets. Singles, duals, and quads of each 
amplifier are available. 

C-Load is a trademark of Linear Technology Corporation 


TVPicni RppucOTion 

DAC l-to-V Converter 



Ay = -1 Large-Signal Response 



1358/1359 TA02 
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LT1358/LT1359 


absolute mnximum ratirgs 


Total Supply Voltage (V + to V") 36V 

Differential Input Voltage ±10V 

Input Voltage ±Vs 

Output Short-Circuit Duration (Note 1) Indefinite 

Operating Temperature Range -40°C to 85°C 


Specified Temperature Range -40°C to 85°C 

Maximum Junction Temperature (See Below) 

Plastic Package 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IRFORmRTIOR 



ELECTRICAL CHARACTERISTICS T a = 25°C, Vqm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±15V 

0.2 0.6 

mV 




±5V 

0.2 0.6 

mV 




±2.5V 

0.3 0.8 

mV 

•os 

Input Offset Current 


±2.5V to±15V 

40 120 

nA 

•b 

Input Bias Current 


±2.5V to ±15V 

120 500 

nA 

e n 

Input Noise Voltage 

f = 10kHz 

±2.5V to ±15V 

8 

nV/VHz 

•n 

Input Noise Current 

f = 10kHz 

±2.5V to±15V 

0.8 

pA/VHz 

Rin 

Input Resistance 

V C m = ±12V 

±15V 

35 80 



Input Resistance 

Differential 

±15V 

6 

MQ 

C|N 

Input Capacitance 


+15V 

3 

PF 
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LT1 358/ LT 1359 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vqivi = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN 

TYP 

MAX 

UNITS 


Input Voltage Range + 


±15V 

12.0 

13.4 


V 




±5V 

2.5 

3.5 


V 




±2.5V 

0.5 

1.1 


V 


Input Voltage Range - 


±15V 


-13.2 

-12.0 

V 




+5V 


-3.3 

-2.5 

V 




±2.5V 


-0.9 

-0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±1 5V 

83 

97 


dB 



V C m = ±2.5V 

+5V 

78 

84 


dB 



Vcm = ±0.5V 

±2.5V 

68 

75 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to ±1 5V 


92 

106 


dB 

Avol 

Large-Signal Voltage Gain 

Vout = ±12V, R l = Ik 

±15V 

20 

65 


V/m V 



Vout = ±10V, R l = 500Q 

+15V 

7 

25 


V/mV 



Vout = ±2.5V, R[_ = 1 k 

±5V 

20 

45 


V/ mV 



Vqut = ±2.5 V, Rl = 500L2 

±5V 

7 

25 


V/mV 



Vqut = ±2.5V, R l = 150Q 

±5V 

1.5 

6 


V/m V 



V 0U t = ±1V, R L = 500£2 

±2.5V 

7 

30 


V/mV 

Vout 

Output Swing 

R L = 1 k. Vim = ±40mV 

±15V 

13.3 

13.8 


±V 



R l = 500Q, V| N = ±40mV 

±15V 

12.5 

13.0 


±V 



Rl = 500£2, V||\| = ±40mV 

±5V 

3.5 

4.0 


±V 



R L = 150a,V 1N = ±40mV 

±5V 

3.0 

3.3 


±V 



Rl = 5000, Vim = ±40mV 

±2.5V 

1.3 

1.7 


±V 

■out 

Output Current 

Vour = ±12.5V 

±15V 

25 

30 


mA 



Vqut = ±3V 

±5V 

20 

25 


mA 

•sc 

Short-Circuit Current 

Vqut = OV, V|n = ±3V 

±15V 

30 

42 


mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±15V 

300 

600 


V/[is 




±5V 

150 

220 


V/*is 


Full Power Bandwidth 

10V Peak, (Note 3) 

±1 5V 


9.6 


MHz 



3V Peak, (Note 3) 

±5V 


11.7 


MHz 

GBW 

Gain-Bandwidth 

f = 200kHz, R l = 2k 

±15V 

18 

25 


MHz 



±5V 

15 

22 


MHz 




±2.5V 


20 


MHz 

tr, tf 

Rise Time, Fall Time 

A v = 1, 1 0%-90%, 0.1V 

±15V 


8 


ns 




±5V 


9 


ns 


Overshoot 

A v = 1,0.1V 

±15V 


27 


% 




±5V 


27 


% 


Propagation Delay 

50% V| N to 50% Vqut, 0.1V 

±15V 


9 


ns 




+5V 


11 


ns 

ts 

Settling Time 

10V Step, 0.1%, A v = -1 

±15V 


115 


ns 



10V Step, 0.01%, A v = -1 

±15V 


220 


ns 



5V Step, 0.1%, Av = -1 

±5V 


110 


ns 



5V Step, 0.01%, A v = -1 

±5V 


380 


ns 


Differential Gain 

f = 3.58MHz, A v = 2, R L = Ik 

±15V 


0.1 


% 




±5V 


0.1 


% 


Differential Phase 

f = 3.58MHz, Av = 2, R L = Ik 

±15V 


0.50 


Deg 




±5V 


0.35 


Deg 

Ro 

Output Resistance 

A v = 1, f = 100kHz 

±15V 

| 0.3 

£2 


Channel Separation 

V 0U t = ±1 OV, R L = 5000 

±15V 

100 

113 


dB 

Is 

Supply Current 

Each Amplifier 

±15V 


2.0 

2.5 

mA 



Each Amplifier 

±5V 


1.9 

2.4 

mA 
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LT 1 358/ LT 1359 


€l€CTRICRl CHRRRCT€RISTICS 0°C < T a < 70°C, Vqm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±15V 

• 

0.8 

mV 




±5V 

• 

0.8 

mV 




±2.5V 

• 

1.0 

mV 


Input Vos Drift 

(Note 4) 

±2.5V to ±15V 

• 

5 8 

pA//°C 

•OS 

Input Offset Current 


±2.5V to ±1 5 V 

• 

180 

nA 

Ib 

Input Bias Current 


±2.5V to ±1 5 V 

• 

750 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

• 

81 

dB 



V cm = ±2.5V 

±5V 

• 

77 

dB 



V cm = ±0.5V 

±2.5V 

• 

67 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to ±1 5V 


• 

90 

dB 

a vol 

Large-Signal Voltage Gain 

V 0U t = ±12V, R l = Ik 

+15V 

• 

15 

V/mV 



V OU t = ±10V, R L = 500a 

±15V 

• 

5 

V/m V 



V 0U t = ±2.5V, R L = Ik 

±5V 


15 

V/mV 



V 0 UT = ±2.5V, R l = 5000 

±5V 

• 

5 

V/mV 



V 0U T = +2.5V, R l = 150Q 

±5V 


1 

V/mV 



V 0 ut = ±1V, R l = 500£2 

±2.5V 


5 

V/mV 

VoUT 

Output Swing 

R L = Ik, Vim = ±40mV 

±1 5 V 


13.2 

±V 



Rl = 500Q, Vim = ±40mV 

±1 5 V 

• 

12.2 

±V 



Rl = 5000, Vim = ±40mV 

±5V 


3.4 

±V 



R l = 1 500, Vim = ±40mV 

±5V 

• 

2.8 

±V 



R l = 5000, V|n = ±40mV 

±2.5V 


1.2 

±V 

•out 

Output Current 

V OU t = ±12.2V 

±1 5 V 


24.4 

mA 



Vout = ±2-8V 

±5V 

• 

18.7 

mA 

•sc 

Short-Circuit Current 

VoUT= OV, V||\| = ±3V 

±1 5 V 


25 

mA 

SR 

Slew Rate 

A v = — 2 , (Note 2) 

±15V 

• 

225 

V/|is 




±5V 


125 

V/jis 

GBW 

Gain-Bandwidth 

f = 200kHz, R l = 2k 

±1 5 V 

• 

15 

MHz 




±5V 


12 

MHz 


Channel Separation 

V OU T = ±10V, R l = 500Q 

±1 5V 

• 

98 

dB 

Is 

Supply Current 

Each Amplifier 

±15V 

• 

2.9 

mA 



Each Amplifier 

±5V 

• 

2.8 

mA 


€l€CTRICRl CHRRRCT6RISTICS -40°C < Ta < 85°C, Vcm = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

VsUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


±1 5 V 

• 

1.3 

mV 




±5V 

• 

1.3 

mV 




±2.5V 

• 

1.5 

mV 


Input Vos Drift 

(Note 4) 

±2.5V to ±1 5V 

• 

5 8 

|iV/ 0 C 

los 

Input Offset Current 


±2.5V to ±1 5 V 

• 

300 

nA 

Ib 

Input Bias Current 


±2.5V to ±1 5V 

• 

900 

nA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

• 

80 

dB 



V C m = ±2.5V 

±5V 


76 

dB 



V C m = ±0.5V 

±2.5V 


66 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to±15V 



90 

dB 
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LT 1 358/ LT 1359 


CICCTRICAL CHARACTERISTICS -40°C < Ta < 85°C, Vqivi = OV unless otherwise noted. (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

> 

< 

o 

Large-Signal Voltage Gain 

V 0U T = ±12V, R L = Ik 

±15V 

• 

10.0 

V/ mV 



V OU T = ±10V, R l = 500Q 

±1 5 V 

• 

2.5 

V/mV 



V OU t = ±2.5V, R l = Ik 

±5V 

• 

10.0 

V/mV 



V 0U T = ±2.5V, R l = 500Q 

±5V 

• 

2.5 

V/mV 



V 0U t = ±2.5V, R l = 150Q 

±5V 

• 

0.6 

V/mV 



Vout = ±1V, R l = 500Q 

±2.5V 

• 

2.5 

V/mV 

VOUT 

Output Swing 

R l = Ik, V| N = ±40mV 

±1 5 V 

• 

13.0 

±V 



R[_ = 500Q, V||\| = ±40mV 

±15V 

• 

12.0 

±V 



Rl = 5000, Vim = ±40mV 

±5V 

• 

3.4 

±V 



R l = 1500, V|M = ±40mV 

±5V 

• 

2.6 

±V 



Rl = 500Q, V||\| = ±40mV 

±2.5V 

• 

1.2 

±V 

■out 

Output Current 

V 0U t = ±12V 

±1 5 V 

• 

24.0 

mA 



V 0U t = ±2.6V 

±5V 

• 

17.3 

mA 

■sc 

Short-Circuit Current 

Vout=0V, V| N = ±3V 

±1 5 V 

• 

24 

mA 

SR 

Slew Rate 

A v = -2, (Note 2) 

±1 5 V 

• 

180 

V/jLlS 




±5V 

• 

100 

V/fxs 

GBW 

Gain-Bandwidth 

f = 200kHz, R l = 2k 

±1 5 V 

• 

14 

MHz 




±5V 

• 

11 

MHz 


Channel Separation 

V OU T = ±10V, R l = 500L2 

±1 5 V 

• 

98 

dB 

■s 

Supply Current 

Each Amplifier 

±15V 

• 

3.0 

mA 



Each Amplifier 

±5V 

• 

2.9 

mA 


The • denotes specifications that apply over the full operating Note 3: Full power bandwidth is calculated from the slew rate 

temperature range. measurement: FPBW = (SR)/2 jiV p . 

Note 1 : A heat sink may be required to keep the junction temperature Note 4: This parameter is not 1 00% tested. 

below absolute maximum when the output is shorted indefinitely. Note 5: The LT1 358/LT1 359 are not tested and are not quality-assurance 

Note 2: Slew rate is measured between ±1 0V on the output with ±6V input sampled at - 40°C and at 85°C. These specifications are guaranteed by 

for ±1 5V supplies and ±1V on the output with ±1.75V input for ±5V design, correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 

supplies. 


TYPICAL PCAFOAmAflCC CHARACTERISTICS 


Supply Current vs Supply Voltage 
and Temperature 
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LT 1 358/ LT 1359 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Small-Signal Transient 
(Av = 1) 


1358/1359 631 


Small-Signal Transient 
(Av = -1) 



1358/1359 632 



Small-Signal Transient 
(Ay = —1 , C L = lOOOpF) 



1358/1359 G33 


Large-Signal Transient 
(Av = 1) 



1358/1359 G34 


Large-Signal Transient 

(Ay— 1) 



Large-Signal Transient 
(Ay = 1, C L = 10,000pF) 



1358/1359 G36 


RPPUCATIOnS IRFORmATIOn 

Layout and Passive Components 

The LT1358/LT1 359 amplifiers are easy to use and toler- 
ant of less than ideal layouts. For maximum performance 
(for example, fast 0.01% settling) use a ground plane, 
short lead lengths, and RF-quality bypass capacitors 
(0.01 pF to O.lpiF). For high drive current applications use 
low ESR bypass capacitors (IpF to 10pF tantalum). 

The parallel combination of the feedback resistor and gain 
setting resistor on the inverting input combine with the 
input capacitance to form a pole which can cause peaking 
or oscillations. If feedback resistors greater than 5k are 
used, a parallel capacitor of value 

Cp > Rg x Cum I Rp 


should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cp should be greaterthan 
or equal to Cin- 

Capacitive Loading 

The LT 1 358/LT 1 359 are stable with any capacitive load. 
As the capacitive load increases, both the bandwidth and 
phase margin decrease so there will be peaking in the 
frequency domain and in the transient response. Coaxial 
cable can be driven directly, but for best pulse fidelity a 
resistor of value equal to the characteristic impedance of 
the cable (i.e., 750) should be placed in series with the 
output. The other end of the cable should be terminated 
with the same value resistor to ground. 
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flppucnnons mFORmnnon 

Input Considerations 

Each of the LT 1 358/LT 1 359 amplifier inputs is the base of 
an NPN and PNP transistor whose base currents are of 
opposite polarity and provide first-order bias current 
cancellation. Because of variation in the matching of NPM 
and PNP beta, the polarity of the input current can be 
positive or negative. The offset current does not depend on 
beta matching and is well controlled. The use of balanced 
source resistance at each input is recommended for 
applications where DC accuracy must be maximized. The 
inputs can withstand differential input voltages of up to 
10V without damage and need no clamping or source 
resistance for protection. 

Circuit Operation 

The LT1358/LT1359 circuit topology is a true voltage 
feedback amplifier that has the slewing behavior of a 
currentfeedback amplifier. The operation of the circuit can 
be understood by referring to the simplified schematic. 
The inputs are buffered by complementary NPN and PNP 
emitter followers which drive a 500L2 resistor. The input 
voltage appears across the resistor generating currents 
which are mirrored into the high impedance node. Comple- 
mentary followers form an output stage which buffers the 
gain node from the load. The bandwidth is set by the input 
resistor and the capacitance on the high impedance node. 
The slew rate is determined by the current available to 
charge the gain node capacitance. This current is the 
differential input voltage divided by R1 , so the slew rate is 
proportional to the input. Highest slew rates are therefore 
seen in the lowest gain configurations. For example, a 1 0V 
output step in a gain of 10 has only a IV input step, 
whereas the same output step in unity gain has a 1 0 times 
greater input step. The curve of Slew Rate vs Input Level 
illustratesthis relationship. The LT 1 358/LT 1 359 are tested 
for slew rate in a gain of -2 so higher slew rates can be 
expected in gains of 1 and -1, and lower slew rates in 
higher gain configurations. 


The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity-gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 180 degrees (zero phase 
margin) and the amplifier remains stable. 

Power Dissipation 

The LT 1 358/LT1 359 combine high speed and large output 
drive in small packages. Because of the wide supply 
voltage range, it is possible to exceed the maximum 
junction temperature under certain conditions. Maximum 
junction temperature (Tj) is calculated from the ambient 
temperature 0a) and power dissipation (Pd) as follows: 

LT1358CN8: Tj = T A + (P D x130°C/W) 

LT1358CS8: Tj = T A + (P D x 190°C/W) 

LT1359CN: Tj = T A + (P D x 110°C/W) 

LT1359CS: Tj = T A + (P D x 150°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). For each amplifier P D max is: 

Pdmax = (V + - V~)(I S max) + (V + /2) 2 /R l 

Example: LT1358 in S8 at 70°C, Vs = +15V, R L = 500L2 

Pdmax = (30V)(2.9mA) + (7.5V) 2 /500Q = 200mW 

Tjmax = 70°C + (2 x 200mW)(190°C/W) = 146°C 
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TECHNOLOGY 50MHz, 800V/^is Op Amp 


F€ATUR€S 

■ 50MHz Gain-Bandwidth 

■ 800V/|is Slew Rate 

■ 5mA Maximum Supply Current 

■ 9nV/Vfiz Input Noise Voltage 

■ Unity Gain Stable 

■ C-Load™ Op Amp Drives All Capacitive Loads 

■ 1 mV Maximum Input Offset Voltage 

■ IjuA Maximum Input Bias Current 

■ 250nA Maximum Input Offset Current 

■ ±13V Minimum Output Swing into 500Q 

■ +3.2V Minimum Output Swing into 150C2 

■ 4.5V/mV Minimum DC Gain, Rl= 1 k 

■ 60ns Settling Time to 0.1%, 10V Step 

■ 0.2% Differential Gain, Ay=2, Rl=150L2 

■ 0.3° Differential Phase, Av=2, R|_=150£2 

■ Specified at ±2.5V, ±5V, and ±15V 

applications 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Video and RF Amplification 

■ Cable Drivers 

■ Data Acquisition Systems 


TYPICAL APPUCATIOn 

Two Op Amp Instrumentation Amplifier 


R5 R4 

22QQ, 10k 



DCSCRIPTIOA 

The LT1360 is a high speed, very high slew rate opera- 
tional amplifier with excellent DC performance. The LT1 360 
features reduced supply current, lower input offset volt- 
age, lower input bias current and higher DC gain than 
devices with comparable bandwidth. The circuit topology 
is a voltage feedback amplifier with the slewing character- 
istics of a current feedback amplifier. The amplifier is a 
single gain stage with outstanding settling characteristics 
which makesthe circuit an ideal choice for data acquisition 
systems. The output drives a 500n load to +1 3 V with +1 5 V 
supplies and a 1 50fl load to ±3.2V on ±5V supplies. The 
amplifier is also capable of driving any capacitive load 
which makes it useful in bufferorcable driverapplications. 

The LT1360 is a member of a family of fast, high 
performance amplifiers using this unique topology and 
employing Linear Technology Corporation’s advanced 
bipolar complementary processing. For dual and quad 
amplifier versions of the LT1360 see the LT1 361/1362 
data sheet. For 70MHz amplifiers with 6mA of supply 
current per amplifier see the LT1363 and LT 1 364/1 365 
data sheets. For lower supply current amplifiers with 
bandwidths of 12MHz and 25MHz see the LT1354 
through LT1 359 data sheets. Singles, duals, and quads of 
each amplifier are available. 

C-Load is a trademark of Linear Technology Corporation 


A v = -1 Large-Signal Response 
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LT1360 


absolute mnximum rrtirgs 


Total Supply Voltage (V + to V") 36V 

Differential Input Voltage ±1 OV 

Input Voltage ±V$ 

Output Short Circuit Duration (Note 1 ) Indefinite 

Operating Temperature Range -40°C to 85°C 


Specified Temperature Range -40°C to 85°C 

Maximum Junction Temperature (See Below) 

Plastic Package 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PfiCKRG€/ORD€R inFORmRTIOfl 


TOP VIEW 


NULL 

U 



a 

NULL 

-IN 

E 


ii 

V + 

+IN 

[I 


a 

v OUT 

V“ 

E 


a 

NC 

N8 

PACKAGE, 8-LEAD PLASTIC 

DIP 


Tjmax = 150°C, 0ja = 130°C/W 


ORDER PART 
NUMBER 


LT1360CN8 


TOP VIEW 


NULL [7 



T| NULL 

-IN |T 



T\ v + 

+IN (7 



j[] V 0UT 

V" [T 



T| NC 


58 PACKAGE, 8-LEAD PLASTIC SOIC 
Tjmax = 150°C, 0ja = 190°C/W 


ORDER PART 
NUMBER 


LT1360CS8 


S8 PART MARKING 


1360 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vqivi = 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VsUPPLY 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±1 5 V 


0.3 

1.0 

mV 




±5V 


0.3 

1.0 

mV 




±2.5V 


0.4 

1.2 

mV 

'os 

Input Offset Current 


±2.5V to ±15V 


80 

250 

nA 

•b 

Input Bias Current 


±2.5V to ±15V 


0.3 

1.0 

HA 

e n 

Input Noise Voltage 

f = 10kHz 

±2.5V to ±1 5 V 

9 

nV/VHz 

*n 

Input Noise Current 

f = 10kHz 

±2.5V to ±15V 

0.9 

pAA/Hz 

Rin 

Input Resistance 

V C m = ±12V 

+15V 

20 

50 


m 


Input Resistance 

Differential 

±15V 

5 

m 

C|N 

Input Capacitance 


±1 5 V 

3 

PF 


Input Voltage Range + 


±1 5 V 

12.0 

13.4 


V 




±5V 

2.5 

3.4 


V 




±2.5V 

0.5 

1.1 


V 


Input Voltage Range - 


±1 5 V 


-13.2 

-12.0 

V 




±5V 


-3.2 

-2.5 

V 




±2.5V 


-0.9 

-0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

+15V 

86 

92 


dB 



V cm = ±2.5V 

±5 V 

79 

84 


dB 



V cm = ±0.5V 

±2.5V 

68 

74 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±1 5V 


93 

105 


dB 

Avol 

Large-Signal Voltage Gain 

V 0U t = ±12V, R l = Ik 

+15V 

4.5 

9.0 


V/mV 



V OU T = ±10V, R L = 500Q 

+15V 

3.0 

6.5 


V/ mV 



Vqut = ±2.5V, R[_ = 500Q 

+5V 

3.0 

6.4 


V/m V 



Vqut = ±2.5V, R l = 150Q 

±5V 

1.5 

4.2 


V/mV 



Vout = ±1V, R l = 500Q 

±2.5V 

2.5 

5.2 


V/mV 

VqUT 

Output Swing 

Rl = Ik, Vim = ±40mV 

±15V 

13.5 

13.9 


±V 



Rl = 500Q, V||\| = ±40mV 

±15V 

13.0 

13.6 


±V 



R l = 500Q, Vin = ±40mV 

±5V 

3.5 

4.0 


±V 



R L = 150a, Vim = ±40mV 

±5V 

3.2 

3.8 


±V 



Rl = 500Q, Vim = ±40mV 

±2.5V 

1.3 

1.7 


±V 
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LT1360 


€l€CTRICRl CHARACTERISTICS T a = 25°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

■out 

Output Current 

Vout= ±13V 

±15V 

26 34 

mA 



Vout = ±3.2V 

±5V i 

21 29 

mA 

Isc 

Short-Circuit Current 

V 0 UT = OV, V, n = ±3V 

±15V 

40 54 

mA 

SR 

Slew Rate 

A v = -2, (Note 3) 

±15V 

600 800 

V/fas 




±5V 

250 350 

V/p,s 


Full Power Bandwidth 

10V Peak, (Note 4) 

±15V 

12.7 

MHz 



3V Peak, (Note 4) 

±5V 

18.6 

MHz 

GBW 

Gain-Bandwidth 

f = 1MHz 

±15V 

50 

MHz 




+5V 

37 

MHz 




±2.5V 

32 

MHz 

tr.tf 

Rise Time, Fall Time 

Ay = 1, 1 0%-90%, 0.1V 

±1 5 V 

3.1 

ns 




±5V 

4.3 

ns 


Overshoot 

Ay = 1,0.1V 

+15V 

35 

% 




±5V 

27 

% 


Propagation Delay 

50% V| N to 50% V 0U T, 0.1V 

+15V 

5.2 

ns 




+5V 

6.4 

ns 


Settling Time 

10V Step, 0.1%, Ay = — 1 

±1 5 V 

60 

ns 



10V Step, 0.01%, Ay = -1 

±15V 

90 

ns 



5V Step, 0.1 %, Ay = -1 

±5V 

65 

ns 


Differential Gain 

f = 3.58MHz, Ay = 2, R L = 15012 

±15V 

0.20 

% 




±5V 

0.20 

% 



f = 3.58MHz, Ay = 2, R L = Ik 

±1 5 V 

0.04 

% 




±5V 

0.02 

% 


Differential Phase 

f = 3.58MHz, Ay = 2, R L = 150Q 

±15V 

0.40 

Deg 




±5V 

0.30 

Deg 



f = 3.58MHz, Ay = 2, R L = 1 k 

±15V 

0.07 

Deg 




±5V 

0.26 

Deg 

Ro 

Output Resistance 

Ay = 1, f = 1MHz 

±15V 

1.4 

a 

Is 

Supply Current 


±15V 

4.0 5.0 

mA 




±5V 

3.8 4.8 

mA 


ELECTRICAL CHARACTERISTICS 0°C < T A < 70°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±1 5 V 

• 

1.5 

mV 




±5 V 

• 

1.5 

mV 




±2.5V 

• 

1.7 

mV 


Input Vqs Drift 

(Note 5) 

±2.5V to±15V 

• 

9 12 

p.V/°C 

los 

Input Offset Current 


±2.5V to ±15V 


350 

nA 

Ib 

Input Bias Current 


±2.5V to ±15V 

• 

1.5 

MA 

CMRR 

Common-Mode Rejection Ratio 

Vcm = ±12V 

±1 5V 

• 

84 

dB 



V C m = ±2.5V 

±5V 


77 

dB 



V cm = ±0.5V 

±2.5V 

• 

66 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to±15V 


• 

91 

dB 

o 

> 

< 

Large-Signal Voltage Gain 

V 0U t = ±12V, R l = Ik 

±15V 

• 

3.6 

V/mV 



Vqut = ±1 0V, R|_ = 500Q 

±15V 


2.4 

V/mV 



V QU T = ±2.5V, R l = 500Q 

±5V 

• 

2.4 

V/m V 



Voui = ±2.5V, R l = 1 50^2 

±5V 


10 

V/mV 



V 0U t = ±1V, R l = 500Q 

±2.5 V 


2.0 

V/ mV 
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LT1360 


ELECTRICAL CHARACTERISTICS 0°C < T a < 70°C, Vqm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

VoUT 

Output Swing 

R L = Ik, Vim = ±40mV 

±15V 

• 

13.4 

±V 



R l = 500Q, V| N = ±40mV 

±1 5 V 

• 

12.8 

±v 



R|_ = 500Q, V||\| = ±40mV 

±5V 

• 

3.4 

±v 



R l = 150Q, V||\j = ±40mV 

±5V 

• 

3.1 

±v 



R l = 500ft, V| N = ±40mV 

±2.5V 

• 

1.2 

±v 

•out 

Output Current 

V OU t = ±12.8V 

±1 5V 

• 

25 

mA 



V 0U t = ±3.1V 

±5V 

• 

20 

mA 

•sc 

Short-Circuit Current 

V O UT = 0V, Vim = ±3V 

±15V 

• 

32 

mA 

SR 

Slew Rate 

A v = -2, (Note 3) 

±15V 


475 

V/jis 




±5V 


185 

V/|is 

•s 

Supply Current 


±15V 


5.8 

mA 




±5V 


5.6 

mA 


€L€CTRICRL CHARACTERISTICS -40°C < T A < 85°C, Vcm = OV unless otherwise noted. (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

VOS 

Input Offset Voltage 

(Note 2) 

±1 5 V 

• 

2.0 

mV 




±5V 

• 

2.0 

mV 




12.5V 

• 

2.2 

mV 


Input Vos Dr| ft 

(Note 5) 

±2.5V to ±1 5 V 

• 

9 12 

nV/°C 

•os 

Input Offset Current 


+2.5V to ±1 5V 

• 

400 

nA 

•b 

Input Bias Current 


12.5V to ±1 5 V 

• 

1.8 


CMRR 

Common-Mode Rejection Ratio 

V cm = ±12V 

±1 5 V 

• 

84 

dB 



Vcm = ±2.5V 

±5V 

• 

77 

dB 



V CM = ±0.5V 

±2.5V 

• 

66 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to±15V 


• 

90 

dB 

Avol 

Large-Signal Voltage Gain 

V 0 ut = ±12V, R l = Ik 

±15V 

• 

2.5 

V/m V 



V OU T = ±10V, R l = 500ft 

±1 5 V 

• 

1.5 

V/mV 



V Q ut = ±2.5V, R L = 500ft 

±5V 

• 

1.5 

V/mV 



V 0U t = ±2.5V, R l = 150ft 

+5V 

• 

0.6 

V/mV 



Vout = ±1V, R L = 500ft 

12.5V 

• 

1.3 

V/mV 

VoUT 

Output Swing 

R L = 1kft, V,m = ±40mV 

±15V 

• 

13.4 

±V 



Rl = 5000, Vim = ±40mV 

±1 5 V 

• 

12.0 

±V 



Rl = 500ft, V||\| = ±40mV 

±5V 

• 

3.4 

±V 



R L = 150Q, Vim = ±40mV 

±5V 

• 

3.0 

±V 



Rl = 500^2, V||\| = ±40mV 

±2.5 V 

• 

1.2 

±V 

•out 

Output Current 

V QUT = +12.0V 

±15V 

• 

24 

mA 



Vqut = ±3.0V 

±5V 

• 

20 

mA 

•sc 

Short-Circuit Current 

Vout= OV, V||\| = ±3V 

+15V 

• 

30 ^ 

mA 

SR 

Slew Rate 

Ay = -2, (Note 3) 

±1 5 V 

• 

450 

V/(is 




±5V 


175 

V/jxs 

•s 

Supply Current 


±1 5 V 

• 

6.0 

mA 




+5V 

• 

5.8 

mA 


The • denotes specifications that apply over the full operating 
temperature range. 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Input offset voltage is pulse tested and is exclusive of warm-up drift. 
Note 3: Slew rate is measured between ±10V on the output with ±6V input 
for ±1 5V supplies and ±2V on the output with ±1 ,75V input for ±5V supplies. 


Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/27iVp. 

Note 5: This parameter is not 100% tested. 

Note 6: The LT1360 is not tested and is not quality-assurance sampled at 
-40°C and at 85°C. These specifications are guaranteed by design, 
correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 
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LT1360 


TYPICAL PCRFORfnnnCC CHARACTERISTICS 


Output Short-Circuit Current vs 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Impedance vs 
Frequency 



ooi i i m mu i i m ini i i m ini 

10k 100k 1M 10M 100M 

FREQUENCY (Hz) 
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10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


1360 G10 


1360 G11 


Settling Time vs Output Step 
(Noninverting) 



Settling Time vs Output Step 
(Inverting) 



0 20 40 60 80 100 

SETTLING TIME (ns) 


1360 G13 


Gain-Bandwidth and Phase 
Margin vs Supply Voltage 



1360 G15 


Gain-Bandwidth and Phase 
Margin vs Temperature 



Frequency Response vs 
Supply Voltage (Ay = 1 ) 



1M 10M 

FREQUENCY (Hz) 


Frequency Response vs 
Supply Voltage (Ay = —1 ) 



100k 1M 10M 100M 

FREQUENCY (Hz) 
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TVPicni PCRfonmnnce chrrrctcristics 


2nd and 3rd Harmonic Distortion 



100k 200k 400k 1M 2M 4M 10M 
FREQUENCY (Hz) 


Differential Gain and Phase 



Capacitive Load Handling 



o i iJiiiiiii- i iiiuiii L i mini 1 1 iiiuii i m um 

10p 100p lOOOp 0.01 JI 0.1 n 1 |x 

CAPACITIVE LOAD (F) 


1360 G28 


1360 G29 


1360 G30 


Small-Signal Transient 
(Av = 1) 



1360TA31 


Small-Signal Transient 
(A v = — 1 ) 


Small-Signal Transient 
(Ay = -1 , C L = 500pF) 




Large-Signal Transient 
(A V = 1) 


1360 TA34 


Large-Signal Transient 
( Av = — 1 ) 



1360 TA35 


Large-Signal Transient 
(Ay = 1 , C L = 10,000pF) 



1360TA36 
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The LT1360 may be inserted directly into AD817, AD847, 
EL2020, EL2044, and LM6361 applications improving 
both DC and AC performance, provided that the nulling 
circuitry is removed. The suggested nulling circuit for the 
LT1360 is shown below. 

Offset Nulling 


v* 



Layout and Passive Components 

The LT1 360 amplifier is easy to apply and tolerant of less 
than ideal layouts. For maximum performance (for ex- 
ample fast settling time) use a ground plane, short lead 
lengths, and RF-quality bypass capacitors (0.01 pF to 
O.lpF). For high drive current applications use low ESR 
bypass capacitors (IpF to lOpF tantalum). Sockets 
should be avoided when maximum frequency perfor- 
mance is required, although low profile sockets can 
provide reasonable performance up to 50MHz. For 
more details see Design Note 50. 

The parallel combination of the feedback resistor and gain 
setting resistor on the inverting input can combine with 
the input capacitance to form a pole which can cause 
peaking or oscillations. For feedback resistors greater 
than 5kQ, a parallel capacitor of value 

Cp > Rg X C||\|/Rf 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cp should be greater 
than or equal to Cim. 


Capacitive Loading 

The LT1360 is stable with any capacitive load. This is 
accomplished by sensing the load induced output pole 
and adding compensation at the amplifier gain node. As 
the capacitive load increases, both the bandwidth and 
phase margin decrease so there will be peaking in the 
frequency domain and in the transient response as shown 
in the typical performance curves.The photo of the small- 
signal response with 500pF load shows 60% peaking. The 
large-signal response with a 10,000pF load shows the 
output slew rate being limited to 5V/jxs by the short-circuit 
current. Coaxial cable can be driven directly, but for best 
pulse fidelity a resistor of value equal to the characteristic 
impedance of the cable (i.e., 750) should be placed in 
series with the output. The other end of the cable should 
be terminated with the same value resistor to ground. 

Cable Driver Frequency Response 



Input Considerations 

Each of the LT1360 inputs is the base of an NPNanda 
PNP transistor whose base currents are of opposite polar- 
ity and provide first-order bias current cancellation. Be- 
cause of variation in the matching of NPN and PNP beta, 
the polarity of the input bias current can be positive or 
negative. The offset current does not depend on beta 
matching and is well controlled. The use of balanced 
source resistance at each input is recommended for 
applications where DC accuracy must be maximized. The 
inputs can withstand differential input voltages of up to 
10V without damage and need no clamping or source 
resistance for protection. 
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Power Dissipation 

The LT1360 combines high speed and large output drive 
in a small package. Because of the wide supply voltage 
range, it is possible to exceed the maximum junction 
temperature under certain conditions. Maximum junction 
temperature (Tj) is calculated from the ambient tempera- 
ture 0a) and power dissipation (Pd) as follows: 

LT1360CN8: Tj = T A + (P D x 130°C/W) 

LT1360CS8: Tj = T A + (P D x 190°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). Therefore Pqmax is: 

Pdmax= (V + -V-)(I SM ax) + (V + /2) 2 /Rl 

Example: LT1360CS8 at 70°C, V s = ±15V, R L = 250fi 

Pdmax = (30V)(5.8mA) + (7.5V) 2 /250Q = 399mW 

Tjmax = 70°C + (399mW)(190°C/W) = 146°C 

Circuit Operation 

The LT1360 circuit topology is a true voltage feedback 
amplifier that has the slewing behavior of a current feed- 
back amplifier. The operation of the circuit can be under- 
stood by referring to the simplified schematic. The inputs 
are buffered by complementary NPN and PNP emitter 
followers which drive a 500£2 resistor. The input voltage 
appears across the resistor generating currents which are 
mirrored into the high impedance node. Complementary 
followers form an output stage which buffers the gain 
node from the load. The bandwidth is set by the input 
resistor and the capacitance on the high impedance node. 
The slew rate is determined by the current available to 
charge the gain node capacitance. This current is the 
differential input voltage divided by R1 , so the slew rate is 
proportional to the input. Highest slew rates are therefore 


seen in the lowest gain configurations. For example, a 1 0 V 
output step in a gain of 10 has only a IV input step, 
whereas the same output step in unity gain has a 1 0 times 
greater input step. The curve of Slew Rate vs Input Level 
illustrates this relationship. The LT1360 is tested for slew 
rate in a gain of -2 so higher slew rates can be expected 
in gains of 1 and -1 , and lower slew rates in higher gain 
configurations. 

The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 1 80 degrees (zero phase 
margin) and the amplifier remains stable. 

Comparison to Current Feedback Amplifiers 

The LT1360 enjoys the high slew rates of Current Feed- 
back Amplifiers (CFAs) while maintaining the characteris- 
tics of a true voltage feedback amplifier. The primary 
differences are that the LT1360 has two high impedance 
inputs and its closed loop bandwidth decreases as the gain 
increases. CFAs have a low impedance inverting input and 
maintain relatively constant bandwidth with increasing 
gain. The LT1360 can be used in all traditional op amp 
configurations including integrators and applications such 
as photodiode amplifiers and l-to-V converters where 
there may be significant capacitance on the inverting 
input. The frequency compensation is internal and not 
dependent on the value of the feedback resistor. For CFAs, 
the feedback resistance is fixed for a given bandwidth and 
capacitance on the inverting input can cause peaking or 
oscillations. The slew rate of the LT1360 in noninverting 
gain configurations is also superior in most cases. 
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FCATURCS 

■ 50MHz Gain-Bandwidth 

■ 800V/)j.s Slew Rate 

■ 5mA Maximum Supply Current per Amplifier 

■ Unity-Gain Stable 

■ C-Load™ Op Amp Drives All Capacitive Loads 

■ 9nVA/Hz Input Noise Voltage 

■ ImV Maximum Input Offset Voltage 

■ Ip A Maximum Input Bias Current 

■ 250nA Maximum Input Offset Current 

■ ±13V Minimum Output Swing into 500a 

■ +3.2V Minimum Output Swing into 150£2 

■ 4.5V/mV Minimum DC Gain, R|_=1k 

■ 60ns Settling Time to 0.1%, 10V Step 

■ 0.2% Differential Gain, Ay=2, Rl=150A 

■ 0.3° Differential Phase, Ay=2, R|_=150Q 

■ Specified at ±2.5V, ±5V, and ±15V 

APPLICATION 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Video and RF Amplification 

■ Cable Drivers 

■ Data Acquisition Systems 


LT1361/LT1362 

Dual and Quad 
50MHz, 800V/(is Op Amps 

DcscmpTion 

The LT1361/LT1362 are dual and quad low power high 
speed operational amplifiers with outstanding AC and DC 
performance. The amplifiers feature much lower supply 
current and higher slew rate than devices with comparable 
bandwidth. The circuit topology is a voltage feedback 
amplifier with matched high impedance inputs and the 
slewing performance of a current feedback amplifier. The 
high slew rate and single stage design provide excellent 
settling characteristics which make the circuit an ideal 
choice for data acquisition systems. Each output drives a 
500L2 load to ±1 3V with ±1 5V supplies and a 1 50L2 load to 
±3.2V on ±5V supplies. The amplifiers are stable with any 
capacitive load making them useful in buffer or cable 
driving applications. 

The LT1 361/LT 1 362 are members of a family of fast, high 
performance amplifiers using this unique topology and 
employing Linear Technology Corporation’s advanced 
bipolar complementary processing. For a single amplifier 
version of the LT 1 361/LT 1 362 see the LT 1 360 data sheet. 
For higher bandwidth devices with higher supply currents 
see the LT1363 through LT1365 data sheets. For lower 
supply current amplifiers see the LT1354 to LT1359 data 
sheets. Singles, duals, and quads of each amplifier are 
available. 

C-Load is a trademark of Linear Technology Corporation 


TYPICAL APPUCATIOA 


Cable Driver Frequency Response 



Ay = -1 Large-Signal Response 



1361/1362 TA02 
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Total Supply Voltage (V + to V~) 36V 

Differential Input Voltage +10V 

Input Voltage ±V$ 

Output Short-Circuit Duration (Note 1) Indefinite 

Operating Temperature Range -40°C to 85°C 


Specified Temperature Range -40°C to 85°C 

Maximum Junction Temperature (See Below) 

Plastic Package 1 50°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKAG€/ORD€R IRFORfflRTIOn 




6LCCTRICRL CHARACTERISTICS Ta = 25°C, Vcm = 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±1 5 V 

0.3 1.0 

mV 




±5V 

0.3 1.0 

mV 




±2.5V 

0.4 1.2 

mV 

•os 

Input Offset Current 


+2.5V to ±1 5V 

80 250 

nA 

Ib 

Input Bias Current 


±2.5V to ±1 5V 

0.3 1.0 

pA 

e n 

Input Noise Voltage 

f = 10kHz 

±2.5V to ±1 5 V 

9 

nV/VHz 

■n 

Input Noise Current 

f = 10kHz 

±2.5V to ±15V 

0.9 

pA/JHz 

Rin 

Input Resistance 

Vcm = ±12V 

+15V 

20 50 

MQ 


Input Resistance 

Differential 

±15V 

5 

MQ 

C|N 

Input Capacitance 


+15V 

3 

PF 


rrunm 

TECHNOLOGY 


2-323 







LT 1 361 /LT 1362 


€l€CTMCAl CHARACTERISTICS Ta = 25°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN 

TYP 

MAX 

UNITS 


Input Voltage Range + 


±15V 

12.0 

13.4 


V 




±5V 

2.5 

3.4 


V 




±2.5V 

0.5 

1.1 


V 


Input Voltage Range - 


±15V 


-13.2 

-12.0 

V 




±5 V 


-3.2 

-2.5 

V 




+2.5V 


-0.9 

-0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

86 

92 


dB 



V C m = ±2.5V 

±5V 

79 

84 


dB 



V cm = ±0.5V 

±2.5V 

68 

74 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to ±15V 


93 

105 


dB 

Avol 

Large-Signal Voltage Gain 

V 0UT = ±1 2V, R L = Ik 

±15V 

4.5 

9.0 


V/m V 



V OU T = ±10V, R l = 500Q 

±1 5 V 

3.0 

6.5 


V/mV 



V OU t = ±2.5V, R l = 50012 

±5V 

3.0 

6.4 


V/m V 



V 0U t = ±2.5V, R l = 150Q 

±5V 

1.5 

4.2 


V/mV 



V 0U T = ±1V, R l = 500Q 

±2.5V 

2.5 

5.2 


V/mV 

V 0UT 

Output Swing 

R l = Ik, V| N = ±40mV 

±1 5 V 

13.5 

13.9 


±V 



R l = 500Q, Vin = ±40mV 

±1 5 V 

13.0 

13.6 


±V 



R l = 500&, V| N = ±40mV 

±5V 

3.5 

4.0 


±V 



R l = 150Q, Vin = ±40mV 

±5V 

3.2 

3.8 


±V 



Rl = 5000, V||\| = ±40mV 

±2.5V 

1.3 

1.7 


±V 

■OUT 

Output Current 

Vout = ±13V 

±15V 

26 

34 


mA 



V 0 ut = ±3.2V 

±5V 

21 

29 


mA 

•sc 

Short-Circuit Current 

V 0 UT = OV, V|N = ±3V 

±15V 

40 

54 


mA 

SR 

Slew Rate 

Ay = -2, (Note 3) 

±1 5 V 

600 

800 


V/p,s 




±5V 

250 

350 


V/jULS 


Full Power Bandwidth 

10V Peak, (Note 4) 

±1 5 V 


12.7 


MHz 



3 V Peak, (Note 4) 

±5V 


18.6 


MHz 

GBW 

Gain-Bandwidth 

f = 200kHz 

±1 5 V 

35 

50 


MHz 




±5V 

25 

37 


MHz 




±2.5 V 


32 


MHz 

t r ,tf 

Rise Time, Fall Time 

Ay = 1, 1 0%-90%, 0.1V 

±1 5V 


3.1 


ns 




±5V 


4.3 


ns 


Overshoot 

Ay = 1,0.1V 

±15V 


35 


% 




±5V 


27 


% 


Propagation Delay 

50% V| N to 50% V 0 ut. 0.1V 

+15V 


5.2 


ns 




±5V 


6.4 


ns 

ts 

Settling Time 

10V Step, 0.1%, Av = -1 

±15V 


60 


ns 



10V Step, 0.01%, Ay = -1 

±1 5 V 


90 


ns 



5V Step, 0.1%, Ay = -1 

+5V 


65 


ns 


Differential Gain 

f = 3.58MHz, Ay = 2, R l =150Q 

±1 5 V 


0.20 


% 




±5V 


0.20 


% 



f = 3.58MHz, Ay = 2, R L = Ik 

±15V 


0.04 


% 




+5V 


0.02 


% 


Differential Phase 

f = 3.58MHz, Ay = 2, R L = 150Q 

±1 5 V 


0.40 


Deg 




±5 V 


0.30 


Deg 



f = 3.58MHz, Ay = 2, R L = Ik 

±15V 


0.07 


Deg 




±5V 


0.26 


Deg 

Ro 

Output Resistance 

Ay = 1, f = 1MHz 

±15V 

1.4 

Q . 


Channel Separation 

V OU T = ±10V, R l = 500Q 

±15V 

100 

113 


dB 

•s 

Supply Current 

Each Amplifier 

±1 5V 


4.0 

5.0 

mA 



Each Amplifier 

±5V 


3.8 

4.8 

mA 
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cicctricri charrctcristics 0°C < T a < 70°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±1 5 V 

• 

1.5 

mV 




±5V 


1.5 

mV 




±2.5V 


1.7 

mV 


Input Vqs Drift 

(Note 5) 

±2.5V to ±15V 


9 12 

|xV/°C 

•os 

Input Offset Current 


±2.5V to ±1 5 V 

• 

350 

nA 

Ib 

Input Bias Current 


±2.5Vto±15V 

• 

1.5 

pA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

• 

84 

dB 



V C m = ±2.5V 

±5V 

• 

77 

dB 



V cm = ±0.5V 

+2.5V 

• 

66 

dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to ±1 5V 


• 

91 

dB 

Avol 

Large-Signal Voltage Gain 

V 0U T = ±12V, R L = Ik 

+15V 

• 

3.6 

V/ mV 



Vout = ±10V, R L = 500ft 

±15V 

• 

2.4 

V/mV 



V 0U t = ±2.5V, R l = 500ft 

±5V 

• 

2.4 

V/mV 



V 0 ut = ±2.5V, R l = 150ft 

±5V 

• 

1.0 

V/mV 



Vout = ±1V, Rl = 500ft 

±2.5 V 

• 

2.0 

V/mV 

VoUT 

Output Swing 

R l = Ik, V||\| = ±40mV 

±15V 

• 

13.4 

±V 



Rl = 500ft, V||\| = ±40mV 

±1 5 V 

• 

12.8 

±V 



Rl = 500ft, V||\| = ±40mV 

±5V 

• 

3.4 

±V 



Rl = 1 50ft, V||\| = ±40mV 

±5V 

• 

3.1 

±v 



R l = 500ft, Vim = ±40mV 

±2.5V 

* 

1.2 

±v 

l0UT 

Output Current 

Vout = ±1 2.8V 

±15V 

• 

25 

mA 



Vout = ±3-1 V 

±5V 

• 

20 

mA 

Isc 

Short-Circuit Current 

Vout = OV, V||\| = ±3V 

±15V 

• 

32 

mA 

SR 

Slew Rate 

Ay = -2, (Note 3) 

+15V 

• 

475 

V/ps 




±5V 

• 

185 

V/ps 

GBW 

Gain-Bandwidth 

f = 200kHz 

±15V 

• 

31 

MHz 




±5V 


22 

MHz 


Channel Separation 

V O ut = ±10V, R L = 500ft 

±1 5 V 


98 

dB 

Is 

Supply Current 

Each Amplifier 

±15V 


5.8 

mA 



Each Amplifier 

±5V 

• 

5.6 

mA 


€l€CTRICAL CHARACTERISTICS -40°C < T A < 85°C, Vcm = OV unless otherwise noted. (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±1 5 V 

• 

2.0 

mV 




±5 V 

• 

2.0 

mV 




±2.5V 

• 

2.2 

mV 


Input Vos Drift 

(Note 5) 

±2.5V to±15V 

• 

9 12 

pV/°C 

•os 

Input Offset Current 


+2.5V to +15V 

• 

400 

nA 

Ib 

Input Bias Current 


±2.5V to ±1 5 V 

• 

1.8 

pA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±1 5 V 

• 

84 

dB 



Vcm = ±2-5V 

±5V 

• 

77 

dB 



Vcm = ±0.5V 

±2.5V 

• 

66 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±1 5 V 


• 

90 

dB 
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ELECTRICAL CHARACTERISTICS -40°C < T A < 85°C, Vq M = OV unless otherwise noted. (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Avol 

Large-Signal Voltage Gain 

Vqut = ±1 2V, R l = Ik 

±15V 

• 

2.5 

V/ mV 



V OU T = ±10V, R l = 500Q 

±1 5 V 

• 

1.5 

V/mV 



Vqut = ±2.5V, R l = 500Q 

±5V 

• 

1.5 

V/m V 



Vqut = ±2.5V, R l = 150Q 

±5V 

• 

0.6 

V/mV 



Vqut = ±1V, Rl = 500Q 

±2.5 V 

• 

1.3 

V/m V 

VoUT 

Output Swing 

Rl = Ik, V| N = ±40mV 

±15V 

• 

13.4 

±V 



Rl = 500Q, V|f\| = ±40mV 

±15 V 

• 

12.0 

±V 



Rl = 500Q, V|m = ±40mV 

±5 V 

• 

3.4 

±V 



R l =150Q, V, N = ±40mV 

±5 V 

• 

3.0 

±V 



R L = 500n, Vin = ±40mV 

±2.5V 

• 

1.2 

±V 

•OUT 

Output Current 

V OU t = ±12.0V 

±1 5 V 

• 

24 

mA 



V OU t = ±3.0V 

±5V 

• 

20 

mA 

isc 

Short-Circuit Current 

Vout=0V,V in = ±3V 

±1 5 V 

• 

30 

mA 

SR 

Slew Rate 

Av = -2, (Note 3) 

±1 5 V 

• 

450 

V/jxs 



i 

±5V 

• 

175 

V/jxs 

GBW 

Gain-Bandwidth 

f = 200kHz 

±15V 

• 

30 

MHz 



i 

±5V 

• 

20 

MHz 


Channel Separation 

V OU T = ±10V,R L = 500a 

±1 5 V 

• 

98 

dB 

Is 

Supply Current 

Each Amplifier 

±1 5 V 

• 

6.0 

mA 



Each Amplifier 

±5V 

• 



mA 


The • denotes specifications that apply over the full operating 
temperature range. 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Input offset voltage is pulse tested and is exclusive of warm-up drift. 
Note 3: Slew rate is measured between ±10V on the output with ±6 V input 
for ±1 5 V supplies and ±1 V on the output with ±1 .75 V input for ±5V supplies. 


Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/2 teV p . 

Note 5: This parameter is not 100% tested. 

Note 6: The LT1361/LT1362 are not tested and are not quality-assurance 
sampled at-40°C and at 85°C. These specifications are guaranteed by 
design, correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 


TVPICRl P€RFORmnnC€ CHARACTERISTICS 


Supply Current vs Supply Voltage 
and Temperature 
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1361/1362 G01 


1361/1362 G02 
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TVPicm p€RFORmnnc€ chrrrctcristics 


Slew Rate vs Supply Voltage 



1361/13621 
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1361/1362 G23 


Slew Rate vs Input Level 
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1361/1362 G24 


Total Harmonic Distortion 
vs Frequency 


Undistorted Output Swing vs 
Frequency (±1 5V) 


Undistorted Output Swing vs 
Frequency (+5V) 
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1361/1362 625 


1361/1362 G26 


1361/1362 G27 


2nd and 3rd Harmonic Distortion 
vs Frequency 



Differential Gain and Phase 



±5 ±10 +15 
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LT1361 /LT1362 


TVPICfll PCRFORRIRRCC CHRRRCTCRISTICS 


Small-Signal Transient 
(Ay = 1 ) 



1361/1362 TA31 


Small-Signal Transient 
(Ay = — 1 ) 



1361/1362 TA32 


Small-Signal Transient 
(A v = -1 , C L = 500pF) 


1361/1362 TA33 



Large-Signal Transient 
(Ay = 1 ) 



1361/1362 TA34 


Large-Signal Transient 
(Ay = — 1 ) 



1361/1362 TA35 


Large-Signal Transient 
(Ay = 1, C[_ = 10,000pF) 
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Layout and Passive Components 

The LT1361/LT1 362 amplifiers are easy to use and toler- 
ant of less than ideal layouts. For maximum performance 
(for example, fast 0.01% settling) use a ground plane, 
short lead lengths, and RF-quality bypass capacitors 
(0.01|xF to 0.1|iF). For high drive current applications use 
low ESR bypass capacitors (IprF to 1 0piF tantalum). The 
parallel combination of the feedback resistor and gain 
setting resistor on the inverting input combine with the 
input capacitance to form a pole which can cause peaking 
or oscillations. If feedback resistors greater than 5kn are 
used, a parallel capacitor of value 

Cp > Rg x C||\|/Rp 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 


a large feedback resistor is used, Cp should be greater 
than or equal to Cin. 

Input Considerations 

Each of the LT1 361/LT 1 362 amplifier inputs is the base of 
an NPN and PNP transistor whose base currents are of 
opposite polarity and provide first-order bias current 
cancellation. Because of variation in the matching of NPN 
and PNP beta, the polarity of the input current can be 
positive or negative. The offset current does not depend on 
beta matching and is well controlled. The use of balanced 
source resistance at each input is recommended for 
applications where DC accuracy must be maximized. The 
inputs can withstand differential input voltages of up to 
10V without damage and need no clamping or source 
resistance for protection. 
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Capacitive Loading 

The LT1361/LT1362 are stable with any capacitive load. 
This is accomplished by sensing the load induced output 
pole and adding compensation at the amplifier gain node. 
As the capacitive load increases, both the bandwidth and 
phase margin decrease so there will be peaking in the 
frequency domain and in the transient response as shown 
in the typical performance curves. The photo of the small 
signal response with 500pF load shows 60% peaking. The 
large signal response shows the output slew rate being 
limited to 5V/ps by the short-circuit current. Coaxial cable 
can be driven directly, but for best pulse fidelity a resistor 
of value equal to the characteristic impedance of the cable 
(i.e., 750) should be placed in series with the output. The 
other end of the cable should be terminated with the same 
value resistor to ground. 

Circuit Operation 

The LT1361/LT1362 circuit topology is a true voltage 
feedback amplifier that has the slewing behavior of a 
currentfeedback amplifier. The operation of the circuit can 
be understood by referring to the simplified schematic. 
The inputs are buffered by complementary NPN and PIMP 
emitter followers which drive a 5000 resistor. The input 
voltage appears across the resistor generating currents 
which are mirrored into the high impedance node. Comple- 
mentary followers form an output stage which buffers the 
gain node from the load. The bandwidth is set by the input 
resistor and the capacitance on the high impedance node. 
The slew rate is determined by the current available to 
charge the gain node capacitance. This current is the 
differential input voltage divided by R1 , so the slew rate is 
proportional to the input. Highest slew rates are therefore 
seen in the lowest gain configurations. For example, a 1 0V 
output step in a gain of 10 has only a IV input step, 
whereas the same output step in unity gain has a 1 0 times 
greater input step. The curve of Slew Rate vs Input Level 
illustrates this relationship. The LT 1 361/LT 1 362 are tested 
for slew rate in a gain of -2 so higher slew rates can be 
expected in gains of 1 and -1, and lower slew rates in 
higher gain configurations. 


The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 1 80 degrees (zero phase 
margin) and the amplifier remains stable. 

Power Dissipation 

The LT1 361/LT 1 362 combine high speed and large output 
drive in small packages. Because of the wide supply 
voltage range, it is possible to exceed the maximum 
junction temperature under certain conditions. Maximum 
junction temperature (Tj) is calculated from the ambient 
temperature Oa) and power dissipation (Pd) as follows: 

LT1 361 CN8: Tj = T a + (P D x 130°C/W) 

LT1361CS8: Tj = T A + (P D x 190°C/W) 

LT1362CN: Tj = T A + (P D x 110°C/W) 

LT1 362CS: Tj = T A + (P D x 1 50°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). For each amplifier Pdmax is: 

Pdmax = (V + -V-)(I SMAX ) + (V + /2) 2 /R l 

Example: LT1362 in SI 6 at 70°C, V s = +5V, R L = 100Q 

Pdmax = (10V)(5.6mA) + (2.5V) 2 /100fi = 119mW 

Tjmax = 70°C + (4 x 119mW)(150°C/W) = 141°C 
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Two Op Amp Instrumentation Amplifier 



1MHz, 4th Order Butterworth Filter 
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KOTUIKS 

■ 70MHz Gain-Bandwidth 

■ 1 000V/)xs Slew Rate 

■ 7.5mA Maximum Supply Current 

■ 9nVA/Hz Input Noise Voltage 

■ Unity Gain Stable 

■ C-Load™ Op Amp Drives All Capacitive Loads 

■ 1 ,5mV Maximum Input Offset Voltage 

■ 2pA Maximum Input Bias Current 

■ 350nA Maximum Input Offset Current 

■ 50mA Minimum Output Current 

■ +7.5V Minimum Output Swing into 150Q 

■ 4.5V/mV Minimum DC Gain, Rl= 1 k 

■ 50ns Settling Time to 0.1%, 10V Step 

■ 0.06% Differential Gain, Ay=2, Rl=150£2 

■ 0.04° Differential Phase, Ay=2, Rl=15(X2 

■ Specified at +2.5V, ±5V, and +15V 

nppucnnons 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Video and RF Amplification 

■ Cable Drivers 

■ Data Acquisition Systems 


LT1363 

70MHz, lOOOV/pisOp Amp 

DCSCRIPTIOH 

The LT1363 is a high speed, very high slew rate opera- 
tional amplifier with excellent DC performance. The LT 1 363 
features reduced supply current, lower input offset volt- 
age, lower input bias current and higher DC gain than 
devices with comparable bandwidth. The circuit topology 
is a voltage feedback amplifier with the slewing character- 
istics of a current feedback amplifier. The amplifier is a 
single gain stage with outstanding settling characteristics 
which makes the circuit an ideal choice for dataacquisition 
systems. The output drives a 150Q load to ±7.5V with 
+1 5V supplies and to ±3.4V on +5V supplies. The amplifier 
is also capable of driving any capacitive load which makes 
it useful in buffer or cable driver applications. 

The LT1363 is a member of a family of fast, high perfor- 
mance amplifiers using this unique topology and 
employing Linear Technology Corporation’s advanced 
bipolar complementary processing. For dual and quad 
amplifier versions of the LT1363 see the LT 1 364/1 365 
data sheet. For 50MHz amplifiers with 4mA of supply 
current per amplifier see the LT1360 and LT1361/1362 
data sheets. For lower supply current amplifiers with 
bandwidths of 1 2MHzand 25MHzseethe LT1 354 through 
LT1359 data sheets. Singles, duals, and quads of each 
amplifier are available. 

C-Load is a trademark of Linear Technology Corporation 
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Cable Driver Frequency Response 



Av = -1 Large-Signal Response 
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Total Supply Voltage (V + to V") 36V 

Specified Temperature Range 

.. -40°C to 85°C 

Differential Input Voltage 

+10V 

Maximum Junction Temperature (See Below) 

Input Voltage 

+Vs 

Plastic Package 

150°C 

Output Short-Circuit Duration (Note 1 ) .. 

Indefinite 

Storage Temperature Range 

-65°C to 150°C 

Operating Temperature Range 

. -40°C to 85°C 

Lead Temperature (Soldering, 10 sec).. 

300°C 
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TOP VIEW 


ORDER PART 



TOP VIEW 


ORDER PART 

NULL U 


T| NULL 

NUMBER 

NULL |T 



T| NULL 

NUMBER 

-IN \Y 


T\ v + 


-IN [T 



T\ v + 


+IN [T 


3 V OUT 

LT1363CN8 

+IN [T 



3 V OUT 

LT1363CS8 

v- [T 


J] NC 


v |T 



3 NC 

S8 PART MARKING 

N8 PACKAGE, 8-LEAD PLASTIC DIP 


S8 PACKAGE, 8-LEAD PLASTIC SOIC 

1 Q£Q 

Tjmax = 1 50°C, e JA = 130°C/W 


Tjmax 

= 150°C, 0 JA = 190°C/W 

lODO 


Consult factory for Industrial and Military grade parts. 


€l€CTMCRl CHRRRCTCRISTICS Ta = 25°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±1 5 V 


0.5 

1.5 

mV 




±5V 


0.5 

1.5 

mV 




±2.5V 


0.7 

1.8 

mV 

■os 

Input Offset Current 


±2.5V to ±15V 


120 

350 

nA 

■b 

Input Bias Current 


±2.5V to ±1 5 V 


0.6 

2.0 

liA 

e n 

Input Noise Voltage 

f = 10kHz 

±2.5V to ±1 5 V 

9 

nV/VHz 

*n 

Input Noise Current 

f = 10kHz 

±2.5V to ±1 5 V 

1 

pAA/Hl 

Rin 

Input Resistance 

V C m = ±12V 

±15V 


50 


MQ 


Input Resistance 

Differential 

±1 5 V 

5 

MQ 

C|N 

Input Capacitance 


±1 5 V 

3 

PF 


Input Voltage Range + 


±1 5 V 

12.0 

13.4 


V 




±5V 

2.5 

3.4 


V 




±2.5V 

0.5 

1.1 


V 


Input Voltage Range - 


±15V 


-13.2 

-12.0 

V 




±5V 


-3.2 

-2.5 

V 




±2.5V 


-0.9 

-0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

84 

90 


dB 



V C m = ±2.5V 

±5V 

76 

81 


dB 



V cm = ±0.5V 

±2.5V 

66 

71 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to ±1 5V 


90 

100 


dB 

Avol 

Large-Signal Voltage Gain 

V out = ±12V, R l = Ik 

±15V 

4.5 

9.0 


V/mV 



V OU t = ±10V, R l = 500Q 

±15V 

3.0 

6.5 


V/mV 



Vqut = ±7.5V, R L = 150ft 

±1 5 V 

2.0 

3.8 


V/mV 



Vqut = ±2.5V, R l = 500ft 

±5 V 

3.0 

6.4 


V/mV 



Vout = ±2.5V, R l = 1 50ft 

±5V 

2.0 

5.6 


V/mV 



Vqut = ±1 V, R l = 500ft 

±2.5V 

2.5 

5.2 


V/mV 

Vqut 

Output Swing 

R l = Ik, V, N = ±40mV 

+15V 

13.5 

14.0 


±V 



Rl = 500ft, V|fj = ±40mV 

±1 5 V 

13.0 

13.7 


±V 



Rl = 500Q, Vim = ±40mV 

±5V 

3.5 

4.1 


±V 



Rl = 1 50Q, V|[\| = ±40mV 

±5V 

3.4 

3.8 


±V 



Rl = 500Q, V||\j = ±40mV 

±2.5V 

1.3 

1.7 


±V 
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LT1363 


electrical characteristics T a = 25°C, Vqm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

^SUPPLY 

MIN TYP MAX 

UNITS 

•OUT 

Output Current 

Vqut = ±7.5V 

±1 5 V 

50 60 

mA 



Vout = ±3.4V 

±5V 

23 29 

mA 

■sc 

Short-Circuit Current 

VOUT=OV, V||\| = ±3V 

±15V 

70 105 

mA 

SR 

Siew Rate 

A v = -2, (Note 3) 

±15V 

750 1000 

V/(lI s 




±5V 

300 450 

V/|j.s 


Full Power Bandwidth 

10V Peak, (Note 4) 

±1 5 V 

15.9 

MHz 



3V Peak, (Note 4) 

±5V 

23.9 

MHz 

GBW 

Gain-Bandwidth 

f = 1MHz 

±15V 

70 

MHz 




±5V 

50 

MHz 




±2.5V 

40 

MHz 

tr, tf 

Rise Time, Fall Time 

A v = 1, 1 0%-90%, 0.1V 

±1 5 V 

2.6 

ns 




±5V 

3.6 

ns 


Overshoot 

Ay = 1,0.1V 

±15V 

36 

% 




±5V 

23 

% 


Propagation Delay 

50% Vim to 50% V 0U T> 0.1V 

±15V 

4.6 

ns 




±5V 

5.6 

ns 

ts 

Settling Time 

10V Step, 0.1%, Ay = -1 

±15V 

50 

ns 



10V Step, 0.01 %, Ay = — 1 

±15V 

80 

ns 



5V Step, 0.1 %, Ay = — 1 

±5V 

55 

ns 


Differential Gain 

f = 3.58MHz, Ay = 2, R L = 150a 

±1 5 V 

0.03 

% 




±5V 

0.06 

% 



f = 3.58MHz, Ay = 2, R L = Ik 

±1 5 V 

0.01 

% 




±5V 

0.01 

% 


Differential Phase 

f = 3.58MHz, Ay = 2, R l = 150Q 

±15V 

0.10 

Deg 




±5V 

0.04 

Deg 



f = 3.58MHz, Ay =2, R L = Ik 

±15V 

0.05 

Deg 




±5V 

0.25 

Deg 

Ro 

Output Resistance 

Ay = 1, f = 1MHz 

±15V 

0.7 

n 

■s 

Supply Current 


±15V 

6.3 7.5 

mA 




±5V 

6.0 7.2 

mA 


ELECTRICAL CHARACTERISTICS 0°C < T A < 70°C, Vqivi = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

VOS 

Input Offset Voltage 

(Note 2) 

±1 5 V 

• 

2.0 

mV 




±5V 

• 

2.0 

mV 




±2.5V 

• 

2.2 

mV 


Input Vos Dr ift 

(Note 5) 

±2.5V to ±1 5V 

• 

10 13 

^iV/°C 

■os 

Input Offset Current 


±2.5 V to ±1 5 V 

• 

500 

nA 

■b 

Input Bias Current 


±2.5V to ±1 5V 

• 

3 

HA 

CMRR 

Common-Mode Rejection Ratio 

V cm = ±12V 

±15V 

• 

82 

dB 



V C m = ±2.5V 

±5V 

• 

74 

dB 



Vqm = ±0-5V 

±2.5V 

• 

64 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±1 5 V 


• 

88 

dB 

Avol 

Large-Signal Voltage Gain 

V 0U t = ±12V, R L = Ik 

±1 5 V 

• 

3.6 

V/mV 



V O ut = ±10V, R l = 500Q 

±1 5 V 

• 

2.4 

V/mV 



Vout = ±2.5V, R L = 500a 

±5V 

• 

2.4 

V/mV 



V 0 ut = ±2.5V, R l = 150Q 

±5V 

• 

1.5 

V/mV 



V 0U t = ±1V, R l = 5000 

±2.5V 


2.0 

V/mV 
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€l€CTRICni CHARACTERISTICS 0°C < Ta < 70°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

VOUT 

Output Swing 

R L = Ik, V|n = ±40mV 

±1 5 V 

• 

13.4 

±V 



R l = 500Q, Vim = ±40mV 

±15V 

• 

12.8 

±v 



Rl = 500Q, V|[\| = ±40mV 

±5 V 

• 

3.4 

±v 



Rl = 150Q, V||\| = ±40mV 

±5V 

• 

3.3 

±v 



R l = 500Q, V| N = ±40mV 

±2.5V 

• 

1.2 

±v 

•out 

Output Current 

V OU t = ±12.8V 

±15V 

• 

25 

mA 



Vout = ±3.3V 

±5V 

• 

22 

mA 

■sc 

Short-Circuit Current 

V O UT=0V, V, n = ±3V 

±15V 

• 

55 

mA 

SR 

Slew Rate 

A v = -2, (Note 3) 

±15V 

• 

600 

V/|is 




±5V 

• 

225 

V/jltS 

■s 

Supply Current 


±15V 

• 

8.7 

mA 




±5V 

• 

8.4 

mA 


€l€CTRICAl CHARACTERISTICS -40°C < T a < 85°C, Vcm = OV unless otherwise noted. (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

+15V 

• 

2.5 

mV 




±5 V 

• 

2.5 

mV 




±2.5V 

• 

2.7 

mV 


Input Vqs Drift 

(Note 5) 

±2.5 V to ±1 5 V 

• 

10 13 

(iV/°C 

■os 

Input Offset Current 


±2.5V to ±1 5 V 

• 

600 

nA 

■b 

Input Bias Current 


±2.5V to ±1 5V 

• 

3.6 

fxA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

+15V 

• 

82 

dB 



V C M = ±2.5V 

±5V 

• 

74 

dB 



Vcm = ±0.5V 

±2.5V 

• 

64 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = +2.5V to±15V 


• 

87 

dB 

Avol 

Large-Signal Voltage Gain 

n 

cc 

> 

CM 

+i 

II 

1— 

ZD 

o 

> 

±1 5 V 

• 

2.5 

V/mV 



Vout = ±10V, Rl = 500Q 

±15V 


1.5 

V/mV 



V 0U t = ±2.5V, R L = 500Q 

+5V 


1.5 

V/mV 



V 0U t = ±2.5V, R l = 150q 

±5V 

• 

1.0 

V/mV 



Vout = ±1V, Rl = 500Q 

±2.5V 

• 

1.3 

V/mV 

Vout 

Output Swing 

R l = IkQ, Vim = ±40mV 

±15V 

• 

13.4 

±V 



Rl = 500a, V|n = ±40mV 

±1 5 V 

• 

12.7 

±V 



Rl = 500Q, V||\| = ±40mV 

±5V 

• 

3.4 

±V 



R l = 150Q, Vim = ±40mV 

±5V 

• 

3.2 

±V 



R l = 500Q, V| N = ±40mV 

±2.5V 

• 

1.2 

±V 

■out 

Output Current 

V 0UT =±1 2.7V 

±15V 

• 

25 

mA 



Vout = ±3.2V 

±5V 

• 

21 

mA 

■sc 

Short-Circuit Current 

Vout= 0V, V|m = ±3V 

+15V 

• 

50 

mA 

SR 

Slew Rate 

A v = -2, (Note 3) 

±1 5 V 

• 

550 

V/|LIS 




+5V 

• 

180 

V/jis 

■s 

Supply Current 


±15V 


9.0 

mA 




±5V 

• 

8.7 

mA 


The • denotes specifications that apply over the full operating 
temperature range. 

Note 1 : A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Input offset voltage is pulse tested and is exclusive of warm-up drift. 
Note 3: Slew rate is measured between ±10V on the output with ±6V input 
for ±1 5 V supplies and ±2V on the output with ±1 .75V input for +5V supplies. 


Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/27iVp. 

Note 5: This parameter is not 100% tested. 

Note 6: The LT1363 is not tested and is not quality-assurance sampled at 
-40°C and at 85°C. These specifications are guaranteed by design, 
correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 
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OPEN-LOOP GAIN (dB) INPUT BIAS CURRENT (jj.A) SUPPLY CURRENT (mA) 


LT1363 


TYPICAL PCAFOAmnnCC CHARACTERISTICS 


Supply Current vs Supply Voltage 
and Temperature 

10 


8 


6 


4 


2 


0 

0 5 10 15 20 

SUPPLY VOLTAGE (±V) 

1363 G01 









125°C 

— 



25°C 




-55°C 










Input Common-Mode Range vs 
Supply Voltage 

v + 

-0.5 

£.- 1.0 

S-1.5 

1 - 2.0 

LU 

Q 
O 
2 

z 2.0 

0 

1 1-5 

o 


0.5 

y- 

0 5 10 15 20 

SUPPLY VOLTAGE (±V) 

1363 G02 


T A = 25°C 



AVos< 

mV 














s 


























Input Bias Current vs 
Input Common-Mode Voltage 
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Input Bias Current vs 
Temperature 
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Open-Loop Gain vs 
Resistive Load 
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1363 G04 


Open-Loop Gain vs Temperature 


Output Voltage Swing vs 
Supply Voltage 


Output Voltage Swing vs 
Load Current 
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GAIN-BANDWIDTH (MHz) OUTPUT STEP (V) OUTPUT SHORT-CIRCUIT CURRENT (mA) 


LT1363 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Output Short-Circuit Current vs 
Temperature 



Output Impedance vs 
Frequency 


a 10 h 
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Gain and Phase vs Frequency 
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HARMONIC DISTORTION (dB) 


LT1363 

TYPICAL P€RFORmnnC€ CHRRRCT6RISTICS 


2nd and 3rd Harmonic Distortion Differential Gain and Phase 

vs Frequency vs Supply Voltage Capacitive Load Handling 
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The LT1363 may be inserted directly into AD817, AD847, 
EL2020, EL2044, and LM6361 applications improving 
both DC and AC performance, provided that the nulling 
circuitry is removed. The suggested nulling circuit for the 
LT1363 is shown below. 

Offset Nulling 


v* 



Layout and Passive Components 

The LT 1 363 amplifier is easy to apply and tolerant of less 
than ideal layouts. For maximum performance (for ex- 
ample fast settling time) use a ground plane, short lead 
lengths, and RF-quality bypass capacitors (0.01 nF to 
O.ljxF). For high drive current applications use low ESR 
bypass capacitors (IpiF to 10pF tantalum). Sockets 
should be avoided when maximum frequency perfor- 
mance is required, although low profile sockets can 
provide reasonable performance up to 50MHz. For 
more details see Design Note 50. 

The parallel combination of the feedback resistor and gain 
setting resistor on the inverting input can combine with 
the input capacitance to form a pole which can cause 
peaking or oscillations. For feedback resistors greater 
than 5k£2, a parallel capacitor of value 

Cf > Rg x Cin/Rf 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 
a large feedback resistor is used, Cf should be greater 
than or equal to Cin- 


Capacitive Loading 

The LT1363 is stable with any capacitive load. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases, both the bandwidth and phase 
margin decrease so there will be peaking in the frequency 
domain and in the transient response as shown in the 
typical performance curves.The photo of the small-signal 
response with 200pF load shows 62% peaking. The large- 
signal response with a 10,000pF load shows the output 
slew rate being limited to lOV/ps by the short-circuit 
current. Coaxial cable can be driven directly, but for best 
pulse fidelity a resistor of value equal to the characteristic 
impedance of the cable (i.e., 75Q) should be placed in 
series with the output. The other end of the cable should 
be terminated with the same value resistor to ground. The 
response of a cable driver in a gain of 2 driving a 75L2 cable 
is shown on the front page of the data sheet. 

Input Considerations 

Each of the LT1 363 inputs is the base of an NPN and a PNP 
transistor whose base currents are of opposite polarity 
and provide first-order bias current cancellation. Because 
of variation in the matching of NPN and PNP beta, the 
polarity of the input bias current can be positive or nega- 
tive. The offset current does not depend on beta matching 
and is well controlled. The use of balanced source resis- 
tance at each input is recommended for applications 
where DC accuracy must be maximized. The inputs can 
withstand differential input voltages of up to 10V without 
damage and need no clamping or source resistance for 
protection. 

Single Supply Operation 

The LT1 363 is specified at ±1 5V, ±5V, and ±2.5V supplies, 
but it is also well suited to single supply operation down 
to a single 5V supply. The symmetrical input common- 
mode range and output swing make the device well suited 
for applications with a single supply if the the input and 
output swing ranges are centered (i.e., a DC bias of 2.5V 
on the input and the output). For 5V video applications 
with an assymetrical swing, an offset of 2 V on the input 
works best. 
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Power Dissipation 

The LT1363 combines high speed and large output drive 
in a small package. Because of the wide supply voltage 
range, it is possible to exceed the maximum junction 
temperature under certain conditions. Maximum junction 
temperature (Tj) is calculated from the ambient tempera- 
ture 0a) and power dissipation (Pd) as follows: 

LT1363CN8: Tj = T a + (P D x 130°C/W) 

LT1363CS8: Tj = T A + (P D x 190°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). Therefore Pdmax is: 

Pdmax = (V + -V-)(I S max) + (V + /2) 2 /R l 

Example: LT1363CS8 at 70°C, V s = ±15V, R L = 390.Q 

Pdmax = (30V)(8.7mA) + (7.5V) 2 /390O = 405mW 

Tjmax = 70°G + (405mW)(190°C/W) = 147°C 

Circuit Operation 

The LT1363 circuit topology is a true voltage feedback 
amplifier that has the slewing behavior of a current feed- 
back amplifier. The operation of the circuit can be under- 
stood by referring to the simplified schematic. The inputs 
are buffered by complementary NPN and PNP emitter 
followers which drive a 500£2 resistor. The input voltage 
appears across the resistor generating currents which are 
mirrored into the high impedance node. Complementary 
followers form an output stage which buffers the gain 
node from the load. The bandwidth is set by the input 
resistor and the capacitance on the high impedance node. 
The slew rate is determined by the current available to 
charge the gain node capacitance. This current is the 
differential input voltage divided by R1 , so the slew rate is 
proportional to the input. Highest slew rates are therefore 


seen in the lowest gain configurations. For example, a 1 0V 
output step in a gain of 10 has only a IV input step, 
whereas the same output step in unity gain has a 1 0 times 
greater input step. The curve of Slew Rate vs Input Level 
illustrates this relationship. The LT1363 is tested for slew 
rate in a gain of -2 so higher slew rates can be expected 
in gains of 1 and -1 , and lower slew rates in higher gain 
configurations. 

The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 1 80 degrees (zero phase 
margin) and the amplifier remains stable. 

Comparison to Current Feedback Amplifiers 

The LT1363 enjoys the high slew rates of Current Feed- 
back Amplifiers (CFAs) while maintaining the characteris- 
tics of a true voltage feedback amplifier. The primary 
differences are that the LT1363 has two high impedance 
inputs and its closed loop bandwidth decreases as the gain 
increases. CFAs have a low impedance inverting input and 
maintain relatively constant bandwidth with increasing 
gain. The LT1363 can be used in all traditional op amp 
configurations including integrators and applications such 
as photodiode amplifiers and l-to-V converters where 
there may be significant capacitance on the inverting 
input. The frequency compensation is internal and not 
dependent on the value of the feedback resistor. For CFAs, 
the feedback resistance is fixed for a given bandwidth and 
capacitance on the inverting input can cause peaking or 
oscillations. The slew rate of the LT1363 in noninverting 
gain configurations is also superior in most cases. 
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Two Op Amp Instrumentation Amplifier 


R5 R4 

220Q 10k 



2MHz, 4th Order Butterworth Filter 


464Q 549Q 
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■ 70MHz Gain-Bandwidth 

■ lOOOV/ps Slew Rate 

■ 7.5mA Maximum Supply Current per Amplifier 

■ Unity Gain Stable 

■ C-Load™ Op Amp Drives All Capacitive Loads 

■ 9nV/VHz Input Noise Voltage 

■ 1 ,5mV Maximum Input Offset Voltage 

■ 2pA Maximum Input Bias Current 

■ 350nA Maximum Input Offset Current 

■ 50mA Minimum Output Current 

■ ±7.5V Minimum Output Swing into 150L2 

■ 4.5V/mV Minimum DC Gain, Rl=1I< 

■ 50ns Settling Time to 0.1%, 10V Step 

■ 0.06% Differential Gain, Ay=2, R|_=150Q 

■ 0.04° Differential Phase, Ay=2, R|_=150n 

■ Specified at +2.5V, +5V, and +1 5V 

rppucrtiors 

■ Wideband Amplifiers 

■ Buffers 

■ Active Filters 

■ Video and RF Amplification 

■ Cable Drivers 

■ Data Acquisition Systems 


LT1364/LT1365 

Dual and Quad 
70MHz, 1 OOOV/(j.s Op Amps 

DCSCRIPTIOR 

The LT1 364/LT1 365 are dual and quad high speed opera- 
tional amplifiers with outstanding AC and DC perfor- 
mance. The amplifiers feature much lower supply current 
and higher slew rate than devices with comparable band- 
width. The circuit topology is a voltage feedback amplifier 
with matched high impedance inputs and the slewing 
performance of a current feedback amplifier. The high 
slew rate and single stage design provide excellent settling 
characteristics which make the circuit an ideal choice for 
data acquisition systems. Each output drives a 1 50fl load 
to ±7.5V with +15V supplies and to +3.4V on ±5V sup- 
plies. The amplifiers are stable with any capacitive load 
making them useful in buffer or cable driving applications. 

The LT1 364/LT 1 365 are members of a family of fast, high 
performance amplifiers using this unique topology and 
employing Linear Technology Corporation’s advanced 
bipolar complementary processing. For a single amplifier 
version of the LT 1 364/LT 1 365 see the LT1 363 data sheet. 
For 50MHz devices with 4mA supply currents see the 
LT1360 through LT1362 data sheets. For lower supply 
current amplifiers see the LT1 354 to LT1 359 data sheets. 
Singles, duals, and quads of each amplifier are available. 


C-Load is a trademark of Linear Technology Corporation 


TYPICAL RPPUCRTIOR 


Cable Driver Frequency Response 



1 10 100 
FREQUENCY (MHz) 


Ay = -1 Large-Signal Response 
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LT 1 364/ LT 1365 


absolute mnximum aatiags 


Total Supply Voltage (V + to V") 36V 

Differential Input Voltage ±10V 

Input Voltage ±Vs 

Output Short-Circuit Duration (Note 1) Indefinite 

Operating Temperature Range -40°C to 85°C 


Specified Temperature Range -40°C to 85°C 

Maximum Junction Temperature (See Below) 

Plastic Package 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGC/ORDCR lAFORmATIOn 


OUT A [T 
-IN A [T 
+IN A [7 
v~ [T 


TOP VIEW 

^ 



7] v + 

7] OUT B 
7] -INB 
7) +INB 


N8 PACKAGE 
8-LEAD PLASTIC DIP 
Tjmax - 1 50°C, 0 JA = 130°C/W 


ORDER PART 
NUMBER 


LT1364CN8 


TOP VIEW 


OUT A [Tl 



S8 PACKAGE 
8-LEAD PLASTIC SOIC 
Tjmax = 150°C, 0j A = 190°C/W 


ORDER PART 
NUMBER 


LT1364CS8 


S8 PART MARKING 


1364 


OUT A \T 

-iNA [7 
+IN A [7 
v + [T 

+INB [7 

-INB [7 
OUT B [7 


$>][<§ 


U\ OUT D 
7] -IN D 
12] +IND 

]7] v 
To] +INC 

T\ -INC 

7] OUT c 


N PACKAGE 
14-LEAD PLASTIC DIP 


Tjmax = 150°C, e JA = 110°C/W 


ORDER PART 
NUMBER 


LT1365CN 


OUTA |T i 
-INA (7 — 
+IN A [7 

v + U I 
+INB [7 

-INB 

0UTB UM 

NC HJ 



itI N 


16) OUT D 
15] -IND 
+IND 
13] V~ 

12] +INC 

m -Inc 

M OUT C 
T| NC 


S PACKAGE 

16-LEAD PLASTIC SOIC 
Tjmax = 150°C, 0 JA = 150°C/W 


ORDER PART 
NUMBER 


LT1365CS 


Consult factory for Industrial and Military grade parts. 


€l€CTRICAl CHARACTERISTICS T a = 25°C, Vqivi = 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

Vsupply 

MIN TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±15V 

0.5 

1.5 

mV 




±5V 

0.5 

1.5 

mV 




±2.5V 

0.7 

1.8 

mV 

■os 

Input Offset Current 


±2.5V to ±15V 

120 

350 

nA 

■b 

Input Bias Current 


±2.5V to ±1 5 V 

0.6 

2.0 

pA 


Input Noise Voltage 

f = 10kHz 

±2.5V to ±15V 

9 

nV/VHz 

■n 

Input Noise Current 

f = 10kHz 

±2.5V to ±1 5V 

1 

pA/VHz 

Rin 

Input Resistance 

V C m = ±12V 

±15V 

12 50 



Input Resistance 

Differential 

±15V 

5 

MQ. 

C|N 

Input Capacitance 


±15V 

3 

PF 
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LT 1 364/ LT 1365 


ttCCTRICfll CHRRRCT6RISTICS Ta = 25°C, Vcm = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN 

TYP 

MAX 

UNITS 


Input Voltage Range + 


±15V 

12.0 

13.4 


V 




±5V 

2.5 

3.4 


V 



■ 

+2.5V 

0.5 

1.1 


V 


Input Voltage Range - 


±15V 


-13.2 

-12.0 

V 




±5V 


-3.2 

-2.5 

V 




±2.5V 


-0.9 

-0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

84 

90 


dB 



V C m = ±2.5V 

±5V 

76 

81 


dB 



V C m = ±0.5V 

±2.5V 

66 

71 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = ±2.5V to ±15V 


90 

100 


dB 

Avol 

Large-Signal Voltage Gain 

V 0 UT = ±12V, R L = Ik 

±1 5 V 

4.5 

9.0 


V/mV 



V OU T = ±10V, R l = 500Q 

±1 5 V 

3.0 

6.5 


V/mV 



Vqut = ±7.5V, R l = 150Q 

±15V 

2.0 

3.8 


V/mV 



Vqut = ±2.5V, Rl = 500Q 

±5V 

3.0 

6.4 


V/mV 



V 0U t = ±2.5V, R l = 150Q 

±5V 

2.0 

5.6 


V/mV 



V 0U T = ±1V, R l = 500Q 

±2.5V 

2.5 

5.2 


V/mV 

Vout 

Output Swing 

R l = Ik, V| N = ±40mV 

±15V 

13.5 

14.0 


±V 



Rl = 500Q, V||\| = ±40 mV 

±1 5 V 

13.0 

13.7 


±V 



Rl = 500Q, V||\| = ±40mV 

±5V 

3.5 

4.1 


±V 



R l = 150Q, V|N = ±40mV 

±5V 

3.4 

3.8 


±V 



Rl = 500Q, Vim = ±40mV 

±2,5V 

1.3 

1.7 


±V 

■out 

Output Current 

V 0 ut = ±7.5V 

±1 5 V 

50 

60 


mA 



V 0U t = ±3.4V 

±5V 

23 

29 


mA 

■sc 

Short-Circuit Current 

Vout=0V,V| N = ±3V 

±1 5 V 

70 

105 


mA 

SR 

Slew Rate 

A v = -2, (Note 3) 

±15V 

750 

1000 


V/|is 




±5V 

300 

450 


V/jLLS 


Full Power Bandwidth 

10V Peak, (Note 4) 

±1 5 V 


15.9 


MHz 



3V Peak, (Note 4) 

±5V 


23.9 


MHz 

GBW 

Gain-Bandwidth 

f = 200kHz 

±1 5 V 

50 

70 


MHz 


. 


±5V 

35 

50 


MHz 




±2.5V 


40 


MHz 

tr.tf 

Rise Time, Fall Time 

A v = 1, 10% -90%, 0.1V 

±1 5 V 


2.6 


ns 




±5V 


3.6 


ns 


Overshoot 

A v = 1,0.1V 

±15 V 


36 


% 




±5V 


23 


% 


Propagation Delay 

50% V, N to 50% Vqut, 0.1V 

±15V 


4.6 


ns 




±5V 


5.6 


ns 

ts 

Settling Time 

10V Step, 0.1%, Av = -1 

±15V 


50 


ns 



10V Step, 0.01%, A v = -1 

±15V 


80 


ns 



5V Step, 0.1%, Av = -1 

±5V 


55 


ns 


Differential Gain 

f = 3.58MHz, A v = 2, R L = 150Q 

±1 5 V 


0.03 


% 




±5V 


0.06 


% 



f = 3.58MHz, A v = 2, R L = Ik 

±1 5V 


0.01 


% 




±5V 


0.01 


% 


Differential Phase 

f = 3.58MHz, A v = 2, R L = 150Q 

±1 5 V 


0.10 


Deg 




±5V 


0.04 


Deg 



f = 3.58MHz, A v = 2, R L = Ik 

±1 5 V 


0.05 


Deg 




±5V 


0.25 


Deg 

Ro 

Output Resistance 

A v = 1 , f = 1 MHz 

±1 5 V 

0.7 

a 


Channel Separation 

V OU T = ±10V, R l = 500Q 

±1 5 V 

100 

113 


dB 

Is 

Supply Current 

Each Amplifier 

±1 5 V 


6.3 

7.5 

mA 



Each Amplifier 

±5V 


6.0 

7.2 

mA 
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LT 1 364/ LT 1 365 


€l€CTRICAl CHARACTERISTICS 0°C < T A < 70°C, V CM = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±15V 

• 

2.0 

mV 




±5V 

• 

2.0 

mV 




±2.5V 

• 

2.2 

mV 


Input Vos Drift 

(Note 5) 

±2.5V to±15V 

• 

10 13 

(xV/°C 

•os 

Input Offset Current 


±2.5V to ±1 5 V 

• 

500 

nA 

Ib 

Input Bias Current 


±2.5V to±15V 

• 

3 

pA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±15V 

• 

82 

dB 



V C m = ±2.5V 

±5V 

• 

74 

dB 



V C m = ±0.5V 

±2.5V 

• 

64 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±15V 


• 

88 

dB 

a vol 

Large-Signal Voltage Gain 

V 0U t = ±12V, R l = Ik 

+15V 

• 

3.6 

V/mV 



V OU T = ±10V, R l = 500Q 

±15V 

• 

2.4 

V/mV 



V 0U t = ±2.5V, R l = 500Q 

±5V 

• 

2.4 

V/mV 



Vqut = ±2.5V, R l = 150Q 

±5V 

• 

1.5 

V/mV 



V 0U t = ±1V, R l = 500Q 

±2.5V 

• 

2.0 

V/ mV 

VoUT 

Output Swing 

R L = Ik, V, N = ±40mV 

±1 5 V 

• 

13.4 

±V 



Rl = 500Q, V||\| = ±40 mV 

±1 5 V 

• 

12.8 

±V 



R l = 500Q, V| N = ±40mV 

±5V 

• 

3.4 

±v 



R l = 150Q, Vim = ±40mV 

±5V 

• 

3.3 

±v 



Rl = 500Q, Vin = ±40mV 

±2.5V 

• 

1.2 

±v 

loUT 

Output Current 

V 0 ut = ±12.8V 

±15V 

• 

25 

mA 



Vout = ±3.3V 

±5V 

• 

22 

mA 

•sc 

Short-Circuit Current 

V OUT =0V, V||\| = ±3V 

±1 5 V 

• 

55 

mA 

SR 

Slew Rate 

A v = — 2 , (Note 3) 

±1 5 V 

• 

600 

V/jLl s 




±5V 

• 

225 

V/jj.s 

GBW 

Gain-Bandwidth 

f = 200kHz 

±15V 

• 

44 

MHz 




±5V 

• 

31 

MHz 


Channel Separation 

V O ut = ±10V, R l = 500Q 

±15V 

• 

98 

dB 

Is 

Supply Current 

Each Amplifier 

±1 5 V 

• 

8.7 

mA 



Each Amplifier 

±5V 

• 

8.4 

mA 


CICCTRICAL CHARACTERISTICS -40°C < T A < 85°C, Vcm = OV unless otherwise noted. (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

±15V 

• 

2.5 

mV 




±5V 

• 

2.5 

mV 




±2.5V 

• 

2.7 

mV 


Input Vqs Drift 

(Note 5) 

±2.5V to ±1 5V 

• 

10 13 

^iV/°C 

•os 

Input Offset Current 


±2.5V to±15V 

• 

600 

nA 

Ib 

Input Bias Current 


±2.5V to ±1 5V 

• 

3.6 

pA 

CMRR 

Common-Mode Rejection Ratio 

V C m = ±12V 

±1 5 V 

• 

82 

dB 



V C m = ±2.5V 

±5V 

• 

74 

dB 



V cm = ±0.5V 

±2.5V 

• 

64 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.5V to ±1 5 V 


• 

87 

dB 


uvm 
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LT 1 364/ LT 1 365 


€l€CTRICRl CHRRRCTCRISTICS -40°C < T a < 85°C, V C m = OV unless otherwise noted. (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

VSUPPLY 

MIN TYP MAX 

UNITS 

Avol 

Large-Signal Voltage Gain 

V 0U t = ±12V, R l = Ik 

±1 5V 

• 

2.5 

V/mV 



V OU T = ±10V, R L = 500ft 

±1 5 V 

• 

1.5 

V/mV 



V out = ±2.5V, R l = 500ft 

±5V 

• 

1.5 

V/mV 



V 0U t = ±2.5V, R l = 150ft 

±5V 

• 

1.0 

V/mV 



V 0U T = ±1V, R l = 500ft 

±2.5V 

• 

1.3 

V/mV 

V 0UT 

Output Swing 

Rl = Ik, Vin = ±40mV 

+15V 

• 

13.4 

±V 



Rl = 500ft, V|n = ±40mV 

±15V 

• 

12.7 

±V 



R l = 500ft, V| N = ±40mV 

±5V 

• 

3.4 

±V 



R L = 150ft, Vin = ±40mV 

±5V 

• 

3.2 

±V 



R l = 500ft, V| N = ±40mV 

±2.5V 

• 

1.2 

±V 

•OUT 

Output Current 

V 0UT = ±12.7V 

±1 5 V 

• 

25 

mA 



Vout= ±3.2V 

±5 V 

• 

21 

mA 

•sc 

Short-Circuit Current 

Vout=0V,V| N = ±3V 

±15V 

• 

50 

mA 

SR 

Slew Rate 

Ay = —2, (Note 3) 

±1 5 V 

• 

550 

V/fXS 




±5V 

• 

180 

V/fis 

GBW 

Gain-Bandwidth 

f = 200kHz 

±1 5 V 

• 

43 

MHz 




±5V 

• 

30 

MHz 


Channel Separation 

V OU t = ±10V, R l = 500ft 

±15V 

• 

98 

dB 

k 

Supply Current 

Each Amplifier 

±15V 

• 

9.0 

mA 



Each Amplifier 

±5V 

• 

8.7 

mA 


The • denotes specifications that apply over the full operating 
temperature range. 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 

Note 2: Input offset voltage is pulse tested and is exclusive of warm-up drift. 
Note 3: Slew rate is measured between ±10V on the output with ±6V input 
for ±15V supplies and ±1 V on the output with ±1 .75V input for ±5V supplies. 


Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/27tVp. 

Note 5: This parameter is not 100% tested. 

Note 6: The LT 1 364/LT 1 365 are not tested and are not quality-assurance 
sampled at -40°C and at 85°C. These specifications are guaranteed by 
design, correlation, and/or inference from 0°C, 25°C, and/or 70°C tests. 
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Supply Current vs Supply Voltage 
and Temperature 
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OUTPUT SHORT-CIRCUIT CURRENT (mA) OPEN-LOOP GAIN (dB) INPUT BIAS CURRENT friA) 


TVPicni P€RFonmnnc€ charrctcristics 


Input Bias Current vs 
Temperature 



TEMPERATURE (°C) 

1364/1365 G04 


Input Noise Spectral Density 
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1364/1365 G05 


Open-Loop Gain vs 
Resistive Load 
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Open-Loop Gain vs Temperature 
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Output Voltage Swing vs 
Supply Voltage 



Output Voltage Swing vs 
Load Current 



OUTPUT CURRENT (mA) 


1364/1365 G07 


1364/1365 G08 


1364/1365 G09 


Output Short-Circuit Current vs 
Temperature 
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Settling Time vs Output Step 
(Noninverting) 
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Small-Signal Transient 
(A V = 1) 



1364/1365 TA31 


Small-Signal Transient 
(Ay = -1) 


1364/1365 TA32 



Small-Signal Transient 
(A v = -1 , C L = 200pF) 



1364/1365 TA33 


Large-Signal Transient 
(A V = 1) 



1364/1 365 TA34 


Large-Signal Transient 
(Av = -1) 



1364/1365 TA35 


Large-Signal Transient 
(A v = 1,C L = 10,000pF) 


1364/1365 TA36 
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Layout and Passive Components 

The LT 1 364/LT 1 365 amplifiers are easy to use and toler- 
ant of less than ideal layouts. For maximum performance 
(for example, fast 0.01% settling) use a ground plane, 
short lead lengths, and RF-quality bypass capacitors 
(O.OlpF to O.lpF). For high drive current applications use 
low ESR bypass capacitors (IpF to 1 0uF tantalum). 

The parallel combination of thefeedback resistor and gain 
setting resistor on the inverting input combine with the 
input capacitance to form a pole which can cause peaking 
or oscillations. If feedback resistors greater than 5kn are 
used, a parallel capacitor of value 

Cp > Rq x C| N /R f 

should be used to cancel the input pole and optimize 
dynamic performance. For unity-gain applications where 


a large feedback resistor is used, C F should be greater 
than or equal to Cim. 

Input Considerations 

Each of the LT 1 364/LT 1 365 amplifier inputs is the base of 
an NPN and PIMP transistor whose base currents are of 
opposite polarity and provide first-order bias current 
cancellation. Because of variation in the matching of NPN 
and PNP beta, the polarity of the input current can be 
positive or negative. The offset current does not depend on 
beta matching and is well controlled. The use of balanced 
source resistance at each input is recommended for 
applications where DC accuracy must be maximized. The 
inputs can withstand differential input voltages of up to 
10V without damage and need no clamping or source 
resistance for protection. 


2-352 


xt mm 














LT 1 364/ LT 1365 


nppucnnons mFORmnnon 

Capacitive Loading 

The LT 1 364/LT 1 365 are stable with any capacitive load. 
This is accomplished by sensing the load induced output 
pole and adding compensation at the amplifier gain node. 
As the capacitive load increases, both the bandwidth and 
phase margin decrease so there will be peaking in the 
frequency domain and in the transient response as shown 
in the typical performance curves. The photo of the small 
signal response with 200pF load shows 62% peaking. The 
large signal response shows the output slew rate being 
limited to IOV/jus by the short-circuit current. Coaxial 
cable can be driven directly, but for best pulse fidelity a 
resistor of value equal to the characteristic impedance of 
the cable (i.e., 750) should be placed in series with the 
output. The other end of the cable should be terminated 
with the same value resistor to ground. 

Circuit Operation 

The LT1364/LT1365 circuit topology is a true voltage 
feedback amplifier that has the slewing behavior of a 
current feedbackamplifier. The operation of thecircuit can 
be understood by referring to the simplified schematic. 
The inputs are buffered by complementary NPN and PNP 
emitter followers which drive a 5000 resistor. The input 
voltage appears across the resistor generating currents 
which are mirrored into the high impedance node. Comple- 
mentary followers form an output stage which buffers the 
gain node from the load. The bandwidth is set by the input 
resistor and the capacitance on the high impedance node. 
The slew rate is determined by the current available to 
charge the gain node capacitance. This current is the 
differential input voltage divided by R1 , so the slew rate is 
proportional to the input. Highest slew rates are therefore 
seen in the lowest gain configurations. For example, a 1 0V 
output step in a gain of 10 has only a IV input step, 
whereas the same output step in unity gain has a 1 0 times 
greater input step. The curve of Slew Rate vs Input Level 
illustrates this relationship. The LT 1 364/LT 1 365 are tested 
for slew rate in a gain of -2 so higher slew rates can be 
expected in gains of 1 and -1, and lower slew rates in 
higher gain configurations. 


The RC network across the output stage is bootstrapped 
when the amplifier is driving a light or moderate load and 
has no effect under normal operation. When driving a 
capacitive load (or a low value resistive load) the network 
is incompletely bootstrapped and adds to the compensa- 
tion at the high impedance node. The added capacitance 
slows down the amplifier which improves the phase 
margin by moving the unity gain frequency away from the 
pole formed by the output impedance and the capacitive 
load. The zero created by the RC combination adds phase 
to ensure that even for very large load capacitances, the 
total phase lag can never exceed 1 80 degrees (zero phase 
margin) and the amplifier remains stable. 

Power Dissipation 

The LT 1 364/LT1 365 combine high speed and large output 
drive in small packages. Because of the wide supply 
voltage range, it is possible to exceed the maximum 
junction temperature under certain conditions. Maximum 
junction temperature (Tj) is calculated from the ambient 
temperature Oa) and power dissipation (P D ) as follows: 

LT1364CN8: Tj = T A + (P D x 130°C/W) 

LT1364CS8: Tj = T A + (P D x 190°C/W) 

LT1 365CN: Tj = T A + (P D x 1 1 0°C/W) 

LT1365CS: Tj = T A + (P D x 150°C/W) 

Worst case power dissipation occurs at the maximum 
supply current and when the output voltage is at 1/2 of 
either supply voltage (or the maximum swing if less than 
1/2 supply voltage). For each amplifier Pdmax is: 

P D MAX = (V + -r)(l S MAx) + (V + /2) 2 /RL 

Example: LT1365 in SI 6 at 70°C, V s = ±5V, R L = 150L2 

Pdmax = (10V)(8.4mA) + (2.5V) 2 /150Q = 126mW 

Tjmax = 70°C + (4 x 126mW)(150°C/W) = 145°C 
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LT1364/LT1365 

TYPICAL APPLICATIOnS 


Two Op Amp Instrumentation Amplifier 

R5 R4 

220Q 10k 



TRIM R5 FOR GAIN 

TRIM R1 FOR COMMON-MODE REJECTION 


2MHz, 4th Order Butterworth Filter 
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ZERO DRIFT OPERATIONAL AMPLIFIERS 

LTC1151, Dual ±15V Zero-Drift Operational Amplifier 2-356 

LTC1152, Rail -to- Rail Input Rail-to-Rail Output Zero-Drift Op Amp 13-7 

LTC1250, Very Low Noise Zero-Drift Bridge Amplifier 2-364 
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LTC1151 


Dual ± 1 5V Zero-Drift 
Operational Amplifier 


F€ATUR€S 

■ Maximum Offset Voltage Drift: 0.05pV/°C 

■ High Voltage Operation: +1 8 V 

■ No External Components Required 

■ Maximum Offset Voltage: 5piV 

■ Low Noise: 1.5p.Vp.p (0.1 Hz to 10Hz) 

■ Minimum Voltage Gain: 125dB 

■ Minimum CMRR: 106dB 

■ Minimum PSRR: IIOdB 

■ Low Supply Current: 0.9mA/Amplifier 

■ Single Supply Operation: 4.75V to 36V 

■ Input Common-Mode Range Includes Ground 

■ Typical Overload Recovery Time: 20ms 

application 

■ Strain Gauge Amplifiers 

■ Instrumentation Amplifiers 

■ Electronic Scales 

■ Medical Instrumentation 

■ Thermocouple Amplifiers 

■ High Resolution Data Acquisition 


DCSCMPTIOn 

The LTC1151 is a high voltage, high performance dual 
zero-drift operational amplifier. Thetwosample-and-hold 
capacitors per amplifier required externally by other chop- 
per amplifiers are integrated on-chip. The LTC1151 also 
incorporates proprietary high voltage CMOS structures 
which allow operation at up to 36V total supply voltage. 

The LTC1151 has a typical offset voltage of 0.5(xV, 
drift of 0.01nV/°C, 0.1 Hz to 10Hz input noise voltage of 
1 ,5|xVp.p, and a typical voltage gain of 1 40dB. It has a slew 
rate of 3V/|xs and a gain-bandwidth product of 2.5MHz 
with a supply current of 0.9mA per amplifier. Overload 
recovery times from positive and negative saturation are 
3ms and 20ms, respectively. 

The LTC1 151 is available in a standard 8-lead plastic DIP 
package as well as a 1 6-lead wide body SO. The LTC1 1 51 
is pin compatible with industry-standard dual op amps 
and runs from standard ±15V supplies, allowing it to plug 
in to most standard bipolar op amp sockets while offering 
significant improvement in DC performance. 


TYPICAL APPUCATIOA 


±15V Dual Thermocouple Amplifier 


Noise Spectrum 


51 Q 1000* 240k 15V 




1 10 100 Ik 10k 

FREQUENCY (Hz) 


1151 TA02 


FULL SCALE TRIM: TRIM FOR 10.0V OUTPUT 
WITH THERMOCOUPLE AT 100°C 
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LTC1151 


absolute mnximum rrtirgs 

(Note 1) 

Total Supply Voltage (V + to V") 36V 

Input Voltage (Note 2) (V + + 0.3V) to (V“ - 0.3V) 

Output Short Circuit Duration Indefinite 

Burn-In Voltage 36 V 


Operating Temperature Range 

LTC1151C 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IRFORRIRTIOR 





ORDER PART 



TOP VIEW 


ORDER PART 


TOP VIEW 


NUMBER 

NC [T 

| 


]U NC 

NUMBER 


^7 



NC [T 



15] NC 


OUT A |T 


T\ v + 


OUT A [T 



v + 


-IN A |T 


T\ OUT B 

LTC1151CN8 

-IN A |T 



13] OUT B 


+IN A [T 


T\ -INB 


+IN A [T 



12] -INB 

LTC1151CS 

V- U 


T] +IN B 


v [T 



TT] +INB 



N8 PACKAGE 



NC [7 



1 NC 


8-LEAD PLASTIC DIP 


NC Q[ 

! 

I 


T\ NC 








S PACKAGE 



Tjmax 

iio°c, e JA = i30°c/w 


16-LEAD PLASTIC SOL 






Tjmax 

= 110°C, 0 JA = 200°C/W 



Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS 

Vs = ±15V, T a = Operating Temperature Range, unless otherwise specified. 


PARAMETER 

CONDITIONS 

LTC1151C 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

T a = 25°C (Note 3) 


±0.5 ±5 

mV 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

^v/°c 

Long Term Offset Voltage Drift 



50 

nV/Vmo 

Input Offset Current 

T a = 25°C 


±20 ±200 

pA 



• 

±0.5 

nA 

Input Bias Current 

T a = 25°C 


±15 ±100 

pA 



• 

±0.5 

nA 

Input Noise Voltage 

R s = 100Q, 0.1 Hz to 10Hz 


1.5 

M-Vp-p 


R s = 100a 0.1 Hz to 1Hz 


0.5 

M-Vp-p 

Input Noise Current 

f = 10Hz (Note 4) 


2.2 

fA/VHz 

Input Voltage Range 

Positive 

• 

12 13.2 

V 


Negative 

• 

-15 -15.3 

V 

Common-Mode Rejection Ratio 

V C M = V"to12V 

• 

106 130 

dB 

Power Supply Rejection Ratio 

V S = ±2.375V to ±16V 

• 

110 130 

dB 

Large-Signal Voltage Gain 

Rl = 10k, V 0U T = ±10V 

• 

125 140 

dB 
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LTC1151 


€l€CTRICRl CHARACTERISTICS 

V$ = +15V, Ta = Operating Temperature Range, unless otherwise specified. 


PARAMETER 

CONDITIONS 

LTC1151C 

MIN TYP MAX 

UNITS 

Maximum Output Voltage Swing 

R L = 10k, T A = 25°C 


±13.5 ±14.50 

V 


R l = 10k 

• 

+1 0.5/— 1 3.5 

V 


R l = 100k 


±14.95 

V 

Slew Rate 

Rl = 10k, C L = 50pF 


2.5 

V/ms 

Gain-Bandwidth Product 



2 

MHz 

Supply Current per Amplifier 

No Load, T a = 25°C i 


0.9 1.5 

mA 


No Load 

• 

2.0 

mA 

Internal Sampling Frequency 

! 


1000 

Hz 


Vs = 5V, Ta = Operating Temperature Range, unless otherwise specified. 


Input Offset Voltage 

T a = 25°C (Note 3) 


±0.05 ±5 

mV 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

|IV/°C 

Long Term Offset Voltage Drift 



50 

nV/Vmo 

Input Offset Current 

T a = 25°C 


±10 100 

pA 

Input Bias Current 

T a = 25°C 


±5 50 

pA 

Input Noise Voltage 

R s = 100Q, 0.1 Hz to 10Hz 


2.0 

nVp.p 


R s = 100Q, 0.1 Hz to 1Hz 


0.7 

pVp.p 

Input Noise Current 

f = 10Hz (Note 4) 


1.3 

f/Wflz 

Input Voltage Range 

Positive 


2.7 3.2 

V 


Negative 


0 -0.3 

V 

Common-Mode Rejection Ratio 

V CM = 0Vto 2.7V 


110 

dB 

Power Supply Rejection Ratio 

V s = ±2.375Vto±16V 

• 

110 130 

dB 

Large-Signal Voltage Gain 

Rl = 10k, V 0U T = 0.3V to 4.5V 

• 

115 140 

dB 

Maximum Output Voltage Swing 

R L = lOktoGND 


4.85 

V 


R l = 100k to GND 


4.97 

V 

Slew Rate 

R L = 10k, C L = 50pF 


1.5 

V/ps 

Gain Bandwidth Product 



1.5 

MHz 

Supply Current per Amplifier 

No Load, T a = 25°C 


0.5 1.0 

mA 



• 

1.5 

mA 

Internal Sampling Frequency 



750 

Hz 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which life of 
the device may be impaired. 

Note 2: Connecting any terminal to voltages greater than V + or less than 
V - may cause destructive latch-up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1151. 


Note 3: These parameters are guaranteed by design. Thermocouple 
effects preclude measurement of these voltage levels in high speed 
automatic test systems. V 0 $ is measured to a limit determined by test 
equipment capability. 

Note 4: Current Noise is calculated from the formula: 
l N = V(2qOi) 

where q = 1.6 x 10~ 19 Coulomb. 
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GAIN (dB) SHORT-CIRCUIT OUTPUT CURRENT (mA) TOTAL SUPPLY CUR 


LTC1151 


tvpicrl pcrforrirrcc characteristics 


Supply Current vs Supply Voltage 



4 8 12 16 20 24 28 32 36 

TOTAL SUPPLY VOLTAGE (V) 

1151 G01 


Supply Current vs Temperature 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 

1151 GQ2 


Output Short-Circuit Current vs 
Supply Voltage 



TOTAL SUPPLY VOLTAGE, V + TO V" (V) 

1151 G04 


Undistorted Output Swing vs 
Frequency 



15 


10 



o 

o 


2 

z 

o 


0 
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-15 
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140 
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1 80 
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Common-Mode Input Voltage 
Range vs Supply Voltage 



0 ± 2.5 ± 5.0 ± 7.5 ± 10.0 ± 12.5 ± 15.0 


SUPPLY VOLTAGE (V) 

1151 G03 


CMRR vs Frequency 



1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


1151 G06 


PSRR vs Frequency 



1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


1151 G09 
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INPUT BIAS CURRENT (pA) 


LTC1151 


TYPICAL PtRFORmRnCt CHRRRCTCRISTICS 


Input Bias Current Magnitude vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1151 G10 


Input Bias Current Magnitude vs 
Supply Voltage 
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0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 

SUPPLY VOLTAGE (V) 

1151 611 


Input Bias Current vs 
Input Common-Mode Voltage 


-15 -10 -5 0 5 10 

INPUT COMMON-MODE VOLTAGE (V) 


0.1Hz to 10Hz Noise 

I V s = ±15V i 


Small-Signal Transient Response 


y 4 


1 i ij i | 

1)11,111 j 111 ,lll | | 

j ; i 

1.3 .. 1 


Large-Signal Transient Response 


Negative Overload Recovery 


Ste , ; ; 2t I 

Map 


V S = ±15V, A v = 1 

V s = ±15V, A v = 1 

V s = ±15V, Ay = -100 

C L = lOOpF, R L = 10k 

C L = lOOpF, R L = 10k 

NOTE: POSITIVE OVERLOAD RECOVERY IS 
TYPICALLY 3ms. 


2-360 


XTTflfflB 










LTC1151 


T€ST CIRCUITS 

Offset Voltage Test Circuit DC-IOHz Noise Test Circuit 


100pF 



nppucRTions iRFORmnnon 

ACHIEVING PICOAMPERE/MICROVOLT PERFORMANCE 
Picoamperes 

In order to realize the picoampere level of accuracy of the 
LTC1 1 51 proper care must be exercised. Leakage currents 
in circuitry external to the amplifier can significantly de- 
grade performance. High quality insulation should be used 
(e.g., Teflon); cleaning of all insulating surfaces to remove 
fluxes and other residues will probably be necessary, 
particularly for high temperature performance. Surface 
coating may be necessary to provide a moisture barrier in 
high humidity environments. 

Board leakage can be minimized by encircling the input 
connections with a guard ring operated at a potential close 
to that of the inputs: in inverting configurations the guard 
ring should be tied to ground; in noninverting connections 
to the inverting input. Guarding both sides of the printed 
circuit board is required. Bulk leakage reduction depends 
on the guard ring width. 

Microvolts 

Thermocouple effects must be considered if the LTC1 1 51 ’s 
ultra low drift is to be fully utilized. Any connection of 
dissimilar metals forms a thermoelectric junction produc- 
ing an electric potential which varies with temperature 
(Seebeck effect). As temperature sensors, thermocouples 
exploitthis phenomenon to produce useful information. In 
low drift amplifier circuits the effect is a primary source of 
error. 


Connectors, switches, relay contacts, sockets, resistors, 
solder, and even copper wire are all candidates forthermal 
EMF generation. Junctions of copper wire from different 
manufacturers can generate thermal EMFs of 200nV/°C; 
fourtimes the maximum drift specification of the LTC1 1 51 . 

Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 
component selection. It is good practice to minimize the 
number of junctions in the amplifier’s input signal path. 
Avoid connectors, sockets, switches, and relays where 
possible. In instances where this is not possible, attempt 
to balance the number and type of junctions so that 
differential cancellation occurs. Doing this may involve 
deliberately introducing junctions to offset unavoidable 
junctions. 

Figure 1 is an example of the introduction of an unneces- 
sary resistor to promote differential thermal balance. 
Maintaining compensating junctions in close physical 
proximity will keep them at the same temperature and 
reduce thermal EMF errors. 

When connectors, switches, relays and/or sockets are 
necessary they should be selected for low thermal EMF 
activity. The same techniques of thermally balancing and 
coupling the matching junctions are effective in reducing 
the thermal EMF errors of these components. 
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LTC1151 


nmicrmons mfORmmion 


NOMINALLY UNNECESSARY LEAD WIRE/SOLDER 

RESISTOR USED TO COPPER TRACE JUNCTION 



Figure 1. Extra Resistors Cancel Thermal EMF 


Resistors are another source of thermal EMF errors. Table 
1 shows the thermal EMF generated for different resistors. 
The temperature gradient across the resistor is important, 
not the ambient temperature. There are two junctions 
formed at each endof the resistorand if these junctions are 
at the same temperature, their thermal EMFs will cancel 
each other. The thermal EMF numbers are approximate 
and vary with resistor value. High values give higher 
thermal EMF. 


Table 1 . Resistor Thermal EMF 


RESISTOR TYPE 

THERMAL EMF/°C GRADIENT 

Tin Oxide 

>1 mV/°C 

Carbon Composition 

~450|rV/°C 

Metal Film 

~20|liV/ o C 

Wire Wound 


Evenohm, Manganin 

~2|liV/ 0 C 


PACKAGE-INDUCED OFFSET VOLTAGE 

Package-induced thermal EMF effects are another impor- 
tant source of errors. They arise at the junctions formed 
when wire or printed circuit traces contact a package lead. 
Like all the previously mentioned thermal EMF effects, 
they are outside the LTC1 151 ’s offset nulling loop and 
cannot be cancelled. The input offset voltage specification 
of the LTC1151 is actually set by the package-induced 
warm-up drift rather than by the circuit itself. The thermal 
time constant ranges from 0.5 to 3 minutes, depending on 
package type. 

ALIASING 

Like all sampled data systems, the LTC1151 exhibits 
aliasing behavior at input frequencies near the sampling 
frequency. The LTC1151 includes a high frequency cor- 
rection loop which minimizes this effect. As a result, 
aliasing is not a problem for many applications. 

For a complete discussion of the correction circuitry and 
aliasing behavior, please refer to the LTC1051/LTC1053 
data sheet. 

LOW SUPPLY OPERATION 

The minimum supply for proper operation of the LTC1 151 
is typically 4.0V (±2.0V). In single supply applications, 
PSRR is guaranteed down to 4.7V (+2.35V) to ensure 
properoperationatminimumTTL supply voltage of 4.75V. 


TYPICAL nPPUCATIOnS 


High Voltage Instrumentation Amplifier 


Ik 
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typical flppLicnnons 


Bridge Amplifier with Active Common-Mode Suppression 


15V 15V 
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TECHNOLOGY Very Low Noise 


Zero-Drift Bridge Amplifier 


F€flTUft6S 

■ Very Low Noise: 0.75nVp.p Typ, 0.1 Hz to 10Hz 

■ DC to 1 Hz Noise Lower Than OP-07 

■ Full Output Swing into Ik Load 

■ Offset Voltage: 10|xV Max 

■ Offset Voltage Drift: 50nV/°C Max 

■ Common-Mode Rejection Ratio: IIOdB Min 

■ Power Supply Rejection Ratio: 1 1 5dB Min 

■ No External Components Required 

■ Pin-Compatible with Standard 8-Pin Op Amps 

flppucmions 

■ Electronic Scales 

■ Strain Gauge Amplifiers 

■ Thermocouple Amplifiers 

■ High Resolution Data Acquisition 

■ Low Noise Transducers 

■ Instrumentation Amplifiers 


DCSCRIPTIOn 

The LTC1250 is a high performance, very low noise zero- 
drift operational amplifier. The LTC1250’s combination of 
lowfront-end noise and DC precision makes it ideal for use 
with low impedance bridge transducers. The LTC1250 
features typical input noise of 0.75|iVp.p from 0.1Hz to 
1 0Hz, and 0.2|xV P _ P from 0.1 Hz to 1 Hz. The LTC1 250 has 
DC to 1 Hz noise of 0.35pVp„p, surpassing that of low noise 
bipolar parts including the OP-07, OP-77, and LT1012. 
The LTC1250 uses the industry-standard single op amp 
pinout, and requires no external components or nulling 
signals, allowing it to be a plug-in replacement for bipolar 
op amps. 

The LTC1250 incorporates an improved output stage 
capable of driving 4.3V into a Ik load with a single 5 V 
supply; it will swing +4.9V into 5k with ±5V supplies. The 
input common mode range includes ground with single 
power supply voltages above 1 2 V. Supply current is 3mA 
with a ±5V supply, and overload recovery times from 
positive and negative saturation are 0.5ms and 1.5ms, 
respectively. The internal nulling clock is set at 5kHz for 
optimum low frequency noise and offset drift; no external 
connections are necessary. 

The LTC1250 is available in standard 8-pin ceramic and 
plastic DIPs, as well as an 8-pin SOIC package. 



2-364 


xnufflB 





LTC1250 


absolute mnximum ratiags 

Total Supply Voltage (V + to V") 18V 

Input Voltage (V + + 0.3V) to (V‘ - 0.3V) 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LTC1250M -55°C to 125°C 

LTC1250C 0°CTO 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER lAFORmATlOA 



TOP VIEW 


ORDER PART 

NC |T 


J] NC 

NUMBER 

-IN [7 
+IN [3 
V" |T 


7] v + 

j] OUT 

J] NC 

LTC1250MJ8 

LTC1250CJ8 

LTC1250CN8 

J8 PACKAGE N8 PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

LTC1250CS8 

S8 PACKAGE 

8-LEAD PLASTIC SOIC 

S8 PART MARKING 

HI 

= 150°C,ejA = 100°CW (J8) 

= 110 o C > e J A = 130 o CW (N8) 

= 110 o C,ej A = 200 o CW (S8) 

1250 


Consult factory for Industrial grade parts. 


ELECTRICAL CHARACTERISTICS V|n = ±5V, Ta = Operating Temperature Range, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1250M 

MIN TYP MAX 

LTC1250C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C (Note 1) 


±5 ±10 

±5 ±10 

M-V 

AVos 

Average Input Offset Drift 

(Note 1 ) 

• 

±0.01 ±0.05 

±0.01 ±0.05 

(IV/°C 


Long Term Offset Drift 



50 

50 

nV/VMo 

e n 

Input Noise Voltage (Note 2) 

T a = 25°C, 0.1 Hz to 10 Hz 


0.75 1.0 

0.75 1.0 

liVp.p 



T a = 25°C, 0.1 Hz to 1Hz 


0.2 

0.2 

(iVp.p 

•n 

Input Noise Current 

f = 10Hz 


4.0 

4.0 

f/WHz 

•b 

Input Bias Current 

T A = 25°C (Note 3) 


±50 ±150 

±50 ±200 

PA 




• 

±950 

±450 

pA 

•os 

Input Offset Current 

T a = 25°C (Note 3) 


±100 ±300 

±100 ±400 

pA 




• 

±500 

±500 

pA 

CMRR 

Common-Mode Rejection Ratio 

V CM = -4Vto 3V 

• 

110 130 

110 130 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2.375V to ±8V 

• 

115 130 

115 130 

dB 

Avol 

Large-Signal Voltage Gain 

Rl = 10k, V 0U t = ±4V 

• 

125 170 

125 170 

dB 


Maximum Output Voltage Swing 

R L = Ik 

• 

±4.0 4.3/— 4.7 

±4.0 4.3/— 4.7 

V 



R l = 100k 


±4.92 

±4.95 

V 

SR 

Slew Rate 

Rl = 10k, C L = 50pF 


10 

10 

V/ms 

GBW 

Gain-Bandwidth Product 



1.5 

1.5 

MHz 

•s 

Supply Current 

No Load, T a = 25°C 


3.0 4.0 

3.0 4.0 

mA 




• 

7.0 

5.0 

mA 

fs 

Internal Sampling Frequency 

T A = 25°C 


4.75 

4.75 

kHz 


Vin = 5V, T a = Operating Temperature Range, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1250M 

MIN TYP MAX 

LTC1250C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C (Note 1) 


±2 

±5 

±2 

±5 

pV 

AVos 

Average Input Offset Drift 

(Note 1 ) 

• 

±0.01 

±0.05 

±0.01 

±0.05 

mV/°C 

e n 

Input Noise Voltage (Note 2) 

T a = 25°C, 0.1 Hz to 10Hz 


1.0 


1.0 


pVp-p 



T a = 25°C, 0.1 Hz to 1Hz 


0.3 


0.3 


pVp-p 

•b 

Input Bias Current 

T a = 25°C (Note 3) 


±20 

±100 

±20 

±100 

pA 

•os 

Input Offset Current 

T a = 25°C (Note 3) 


±40 

±200 

±40 

±200 

pA 


xtw m 
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ELECTRICAL CHARACTERISTICS V|n = 5V, T a = Operating Temperature Range, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1250M 

MIN TYP MAX 

LTC1250C 

MIN TYP MAX 

UNITS 


Maximum Output Voltage Swing 

1 R L = Ik 


4.0 4.3 

CO 

o 

V 



o 

o 

II 

cr 


4.95 

4.95 

V 

Is 

Supply Current 

T a = 25°C 


1.8 2.5 

1.8 2.5 

mA 

fs 

Sampling Frequency 

T a = 25°C 


3 

3 

kHz 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: These parametes are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels during automated testing. 
Note 2: 0.1Hz to 10Hz noise is specified DC coupled in a 10s window; 

0.1 Hz to 1 Hz noise is specified in a 1 00s window with an RC high-pass 


filter at 0.1Hz. The LTC1250 is sample tested for noise; for 100% tested 
parts contact LTC Marketing Dept. 

Note 3: At T < 0°C these parameters are guaranteed by design and not 
tested. 


TYPICAL PCRFOAmnnCC CHARACTERISTICS 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V + TO V" (V) 

LTC1250 G01 


Supply Current vs Supply Voltage 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V + TO V" (V) 

LTC1250 G02 


Sampling Frequency vs Supply 
Voltage 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V + TO V (V) 

LTC1250G03 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LTC1250 G04 



LTC1250 G05 


Sampling Frequency vs 
Temperature 

8 
7 
6 
5 
4 
3 
2 
1 
0 

-50 -25 0 25 50 75 100 150 

TEMPERATURE (°C) 

LTC1250 G06 
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LTC1250 


TVPicm pcftFORmnnce characteristics 



1 10 100 Ik 10k 

FREQUENCY (Hz) 

LTC1250 G11 


Overload Recovery 



500|as/DIV 

Ay = 100, R L = 1 00k, C L = 50pF, V s = ±5V 


Transient Response 



Ijjs/DIV 

A v = 1 , R|_ = 1 00k, C L = 50pF, V s = ±5V 


Bias Current (Magnitude) vs 

Gain/Phase vs Frequency Temperature 



Common-Mode Input Range 



2 3 4 5 6 7 8 

SUPPLY VOLTAGE (±V) 


Common-Mode Rejection Ratio 
vs Frequency 



0 1 I 1 11,1111 1 1 L lill UI 111II1 1 LLL I111 L I L LM1I 

1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


LTC1250 G07 


LTC1250 G12 


Output Swing vs Load 
Resistance, Dual Supplies 

10 
9 
8 

> 7 

| 6 
1 5 

I 4 
I 3 
2 
1 
0 

01 23456789 10 

LOAD RESISTANCE (kn) 



r 






Ri TO GND 


v s = 

±8\ 

— 




























v s = 

±5V 









a 

P 

r 








-\/o • 

n 
= ±2. 

n 

5V— 








-vs ■ 










' — “ 













. 



- N 

EGA' 

riVE 

swir 

JG 





1 i 

- POSITIVE SWING 
1 1 1 1 


Output Voltage Swing vs Load 



LOAD RESISTANCE (kQ) 


LTC1250 G08 


LTC 1250 G09 


/TLin^AB 
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TYPICAL PCRFORfflRRCC CHARACTERISTICS 


Output Swing vs Output Current, 
±5V Supply 



0.1 1 
OUTPUT CURRENT (mA) 


Output Swing vs Output Current, 
Single 5V Supply 


o.oi 


0.1 1 
OUTPUT CURRENT (mA) 



Short-Circuit Current 
vs Temperature 


40 

30 

< 

J 20 

z 

DC 10 

CC 

=> 

t 0 

Z3 

O 

GE -10 
o 

| -20 

JZ 

CO 

-30 


\ 

S = ±1 

sv 






- — 

— 


V OUT 

= V" 


































V OUT 

= v + 

1 




— 




t 



LTC1250 G17 


50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LTC1250G18 


T€ST CIRCUITS 

Offset Test Circuit 


100pF 



DC to 10Hz Noise Test Circuit 

ioopF (for DC to 1 Hz Multiply All Capacitor Values by 10) 



OUTPUT 


1250 TC02 


APPLICATORS IRFORmRTIOR 

Input Noise 

The LTC1 250, like all CMOS amplifiers, exhibits two types 
of low frequency noise: thermal noise and 1/f noise. The 
LTC1250 uses several design modifications to minimize 
these noise sources. Thermal noise is minimized by rais- 
ing the gM of the front-end transistors by running them at 
high bias levels and using large transistor geometries. 1/f 
noise is combated by optimizing the zero-drift nulling loop 
to run at twice the 1/f corner frequency, allowing it to 
reduce the inherently high CMOS 1/f noise to near thermal 
levels at low frequencies. The resultant noise spectrum is 
quite low at frequencies below the internal 5kHz clock 



0.01 0.1 1 
FREQUENCY (Hz) 

LTC1250 F01 

Figure 1 . Voltage Noise vs Frequency 
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flppucOTions mFonmnnon 

frequency, approaching the best bipolar op amps at 10Hz 
and surpassing them below 1Hz (Figure 1). All this is 
accomplished in an industry-standard pinout; the LTC1 250 
requires no external capacitors, no nulling or clock sig- 
nals, and conforms to industry-standard 8-pin DIP and 8- 
pin SOIC packages. 

Input Capacitance and Compensation 

The large input transistors create a parasitic 55pF capaci- 
tance from each input to V + . This input capacitance will 
react with the external feedback resistors to form a pole 
which can affect amplifier stability. In low gain, high 
impedance configurations, the pole can land below the 
unity-gain frequency of the feedback network and degrade 
phase margin, causing ringing, oscillation, and other un- 
pleasantness. This is true of any op amp, however, the 
55pF capacitance at the LTC1 250’s inputs can affect stabil- 
ity with a feedback network impedance as low as 1 ,9k. This 
effect can be eliminated by adding a capacitor across the 
feedback resistor, adding a zero which cancels the input 
pole (Figure 2). The value of this capacitor should be: 

r >55pF 

where Ay = closed-loop gain. Note that Cf is not dependent 
on the value of Rf. Circuits with higher gain (Ay > 50) or 
low loop impedance should not require Cf for stability. 


Cf 



Figure 2. C F Cancels Phase Shift Due to Parasitic Cp 

Larger values of Cf, commonly used in band-limited DC 
circuits, may actually increase low frequency noise. The 
nulling circuitry in the LTC1 250 closes a loop that includes 
the external feedback network during part of its cycle. This 
loop must settle to its final value within 1 50ps or it will not 


fully cancel the 1/f noise spectrum and the low frequency 
noise of the part will rise. If the loop is underdamped (large 
Rf, no Cf) it will ring for more than 150ps and the noise 
and offset will suffer. 

The solution is to add Cf as above but beware! Too large 
a value of Cf will overdamp the loop, again preventing it 
from reaching a final value by the 150ps deadline. This 
condition doesn’t affect the LTC1250’s offset or output 
stability, but 1/f noise begins to rise. As a rule of thumb, 
the RfCf feedback pole should be > 7kHz (1/150ps, the 
frequency at which the loop settles) for best 1/f perfor- 
mance; values between 1 0OpF and 500pF work well with 
feedback resistors below 100k. This ensures adequate 
gain at 7kHz for the LTC1 250 to properly null. High value 
feedback resistors (above 1 M) may require experimenta- 
tion to find the correct value because parasitics, both in 
the LTC1250 and on the PC board, play an increasing 
role. Low value resistors (below 5k) may not require a 
capacitor at all. 

Input Bias Current 

The inputs of the LTC1250, like all zero-drift op amps, 
draw only small switching spikes of AC bias current; DC 
leakage current is negligible except at very high tempera- 
tures. The large front-end transistors cause switching 
spikes 3 to 4 times greater than standard zero-drift op 
amps: the ±50pA bias current spec is still many times 
better than most bipolar parts. The spikes don’t match 
from one input pin to the other, and are sometimes (but 
not always) of opposite polarity. As a result, matching the 
impedances at the inputs (Figure 3) will not cancel the bias 
current, and may cause additional errors. Don’t do it. 


Rf 



Figure 3. Extra Resistor Will Not Cancel Bias Current Errors 


u mm 
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Output Drive 

The LTC1250 includes an enhanced output stage which 
provides nearly symmetrical output source/sink currents. 
This output is capable of swinging a minimum of ±4V into 
a 1 k load with ±5V supplies, and can sink orsource>20mA 
into low impedance loads. Lightly loaded (R|_>100k), the 
LTC1250 will swing to within millivolts of either rail. In 
single supply applications, it will typically swing 4.3V into 
a Ik load with a 5V supply. 

Minimizing External Errors 

The input noise, offset voltage, and bias current specs for 
the LTC1250 are all well below the levels of circuit board 
parasitics. Thermocouples between the copper pins of the 
LTC1 250 and the tin/lead solder used to connect them can 
overwhelm the offset voltage of the LTC1 250, especially if 
a soldering iron has been around recently. Note also that 
when the LTC1 250’s output is heavily loaded, the chip may 
dissipate substantial power, raising the temperature of the 
package and aggravating thermocouples at the inputs. 
Although the LTC1 250 will maintain its specified accuracy 
under these conditions, care must be taken in the layout to 
prevent or compensate circuit errors. Be especially careful 
of air currents when measuring low frequency noise; 
nearby moving objects (like people) can create very large 
noise peaks with an unshielded circuit board. For more 
detailed explanations and advice on how to avoid these 
errors, see the LTC1051/LTC1053 data sheet. 

Sampling Behavior 

The LTC1 250’s zero-drift nulling loop samples the input at 
= 5kHz, allowing it to process signals below 2kHz with no 
aliasing. Signals above this frequency may show aliasing 
behavior, although wideband internal circuitry generally 
keeps errors to a minimum. The output of the LTC1250 will 
have small spikes at the clock frequency and its harmonics; 
these will vary in amplitude with different feedback configu- 
rations. Low frequency or band-limited systems should not 
be affected, but systems with higher bandwidth 
(oversampling A/Ds, for example) may need to filter out 
these clock artifacts. Output spikes can be minimized with a 
large feedback capacitor, but this will adversely affect noise 
performance (see Input Capacitance and Compensation on 


the previous page). Applications which require spike-free 
output in addition to minimum noise will need a low-pass 
filter after the LTC1250; a simple RC will usually do the job 
(Figure 4) . The LTC1 051 /LTC1 053 data sheet includes more 
information about zero-drift amplifier sampling behavior. 


Cf 



Single Supply Operation 

The LTC1 250 will operate with single supply voltages as low 
as 4.5V, and the output swings to within millivolts of either 
supply when lightly loaded. The input stage will common 
mode to within 250mV of ground with a single 5 V supply, 
and will common mode to ground with single supplies 
above 1 1V. Most bridge transducers bias their inputs above 
ground when powered from single supplies, allowing them 
to interface directly to the LTC1 250 in single supply applica- 
tions. Single-ended, ground-referenced signals will need to 
be level shifted slightly to interface to the LTC1 250’s inputs. 

Fault Conditions 

The LTC1250 is designed to withstand most external fault 
conditions without latch-up or damage. However, unusu- 
ally severe fault conditions can destroy the part. All pins are 
protected against faults of ±25mA or 5 V beyond either 
supply, whichever comes first. If the external circuitry can 
exceed these limits, series resistors or voltage clamp diodes 
should be included to prevent damage. 

The LTC1 250 includes internal protection against ESD dam- 
age. All data sheet parameters are maintained to 1 kV ESD on 
any pin; beyond IkV, the input bias and offset currents will 
increase, but the remaining specs are unaffected and the 
part remains functional to 5kV at the input pins and 8kV at 
the output pin. Extreme ESD conditions should be guarded 
against by using standard anti-static precautions. 
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TYPICAL APPLICATION 


Reference Buffer 



±10ppm ERROR AT ±15mA 
1p.Vp.p OUTPUT NOISE 
2.5p.V/°C DRIFT (DUE TO LM399) 


Differential Thermocouple Ampliifer 
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SECTION 2— AMPLIFIERS 

MULTIPLEXERS 

LT1203/LT1205, 150MHz Video Multiplexers 2-374 

LT1204, 4-Input Video Multiplexer with 75MHz Current Feedback Amplifier 2-389 
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LII 203/ LT 1205 
1 50MHz Video Multiplexers 


KATUACS 

■ -3dB Bandwidth: 150MHz 

■ 0.1 dB Gain Flatness: 30MHz 

■ Channel-to-Channel Switching Time: 25ns 

■ Turn-On/Turn-Off Time: 25ns 

■ High Slew Rate: 300V/ps 

■ Disabled Output Impedance: 10MQ 

■ 50mV Switching Transient 

■ Channel Separation at 10MHz: >90dB 

■ Differential Gain: 0.02% 

■ Differential Phase: 0.02° 

■ Wide Supply Range: ±5V toll 5V 

■ Output Short-Circuit Protected 

■ Push-Pull Output 

APPUCATIOAS 

■ Broadcast Quality Video Multiplexing 

■ Picture-in-Picture Switching 

■ HDTV 

■ Computer Graphics 

■ Title Generation 

■ Video Crosspoint Matrices 

■ Video Routers 


DCSCRIPTIOA 

The LT1203 is a wideband 2-input video multiplexer 
designed for pixel switching and broadcast quality rout- 
ing. The LT1205 is a dual version that is configured as a 
4-input, 2-output multiplexer. 

These multiplexers act as SPDT video switches with 1 0ns 
transition times at toggle rates up to 30MHz. The -3dB 
bandwidth is 1 50MHz and 0.1 dB gain flatness is 30MHz. 
Many parts can be tied together at their outputs by using 
the enable feature which reduces the power dissipation 
and raises the output impedance to 1 0MQ. Output capaci- 
tance when disabled is only 3pF and the LT 1 203 peaks less 
than 3dB into a 50pF load. Channel crosstalk and disable 
isolation are greater than 90dB up to 10MHz. An on-chip 
buffer interfaces to fast TTL or CMOS logic. Switching 
transients are only 50mV with a 25ns duration. The 
LT1203 and LT1205 outputs are protected against shorts 
to ground. 

The LT 1 203/LT 1 205 are manufactured using Linear 
T echnology’s proprietary complementary bipolar process. 
The LT1203 is available in both the 8-lead PDIP and SO 
package while the LT1205 is available in the 16-lead 
narrow body SO package. 


TYPICAL APPUCATIOA 


High Speed RGB MUX 
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LT1203/LT1205 


rrsolutc mnximum rrtirgs 


Supply Voltage ±18V 

Signal Input Current (Note 1) ±20mA 

Logic Input Current (Note 2) ±50mA 

Output Short-Circuit Duration (Note 3) Continuous 

Specified Temperature Range (Note 4) 0°C to 70°C 


Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 5) 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKRG€/ORD€R MFORfDATIOn 



*See Note 4 

Consult factory for Industrial and Military grade parts. 


ttKTRICAl CHARACTCRISTICS 


0°C < Ta < 70°C, ±5V < Vs < ±15V, R L = Ik, pulse tested, EN pin open or high, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Output Offset Voltage 

Any Input Selected 

• 


10 

30 

mV 


Output Offset Matching 

Between Outputs 

• 


0.3 

5 

mV 

AVqs/AT 

Output Offset Drift 


• 

40 

pV/°C 

l|N 

Input Current 


• 


0.6 

5 

pA 

Rin 

Input Resistance 

V s = ±5V,V| N = ±2V 

• 

1 

5 


Mft 



V s = ±1 5V, V| N = ±2V 

• 

2 

5 


MQ 

C|N 

Input Capacitance 

Input Selected 



2.6 


PF 



Input Deselected 



2.6 


PF 

COUT 

Disabled Output Capacitance 

EN Pin Voltage < 0.8V 


2.8 

PF 

V|N 

Input Voltage (Note 1) 

V S = ±5V 

• 

±2 

±2.8 


V 



V s = ±1 5V 

• 

±2 

±3.0 


V 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5 to ±1 5V 

• 

60 

70 


dB 


Gain Error 

Vs = ±15V,V| N = ±2V, R l = Ik 

• 


2 

4 

% 



V s = ±15V, V|m = ±2V, R l = 400ft 

• 


6 

10 

% 



V s = ±5V, V| N = ±2V, R l = Ik 

• 


3 

6 

% 
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LT1203/LT1205 


cicctricai charrctcristics 

0°C < T A < 70°C, ±5V < Vs < ±15V, R L = Ik, pulse tested, EN pin open or high, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VoUT 

Output Voltage 

V s = ±15V,V| N = ±2 V,R l = 400£2 

• 

±1.8 

±1.90 


V 



V s = ±5V, V|n = ±2V, R L = Ik 


±1.8 

±1.94 


V 


Overload Swing (Note 1) 

V s = ±15V,V| N = ±5V 



±0.9 

±1.5 

V 



V s = ±5V,V| N = ±5V 

• 


±0.9 

±1.5 

V 

'out 

Output Current 

V S = ±15V, V|n = ±2V, R l = 400Q 

• 

±4.5 

±4.75 


mA 



V s = ±5V, Vim = ±2V, R L = Ik 

• 

±1.8 

±2.00 


mA 

Rout 

Enabled Output Resistance 

EN Pin Voltage = 2V, V 0U t = +2V, V s = ±15V 

• 


20 

42 

Q 


Disabled Output Resistance 

EN Pin Voltage = 0.5V, V 0U t = ±2V, V s = ±15V 

• 

1 

10 


Mn 

's 

Supply Current (LT1203) 

EN Pin Voltage = 2 V 

• 


10.0 

14 

mA 



EN Pin Voltage = 0.5V 

• 


5.8 

8 

mA 


Supply Current (LT1 205) 

EN Pin Voltage = 2V 

• 


20.0 

28 

mA 



EN Pin Voltage = 0.5V 

• 


11.6 

16 

mA 

V| L 

Logic Low 

Logic Pin 


0.8 

V 

V| H 

Logic High 

Logic Pin 

• 

2 

V 


Enable Low 

EN Pin 

• 

0.5 

V 


Enable High 

EN Pin 

• 

2 

V 

'IL 

Digital Input Current Low 

LT1203 Pin 5, LT1205 Pins 9, 13 = OV 

• 


1.5 

6.5 

pA 

'IH 

Digital Input Current High 

LT1203 Pin 5, LT1205 Pins 9, 13 = 5V 

• 


10 

200 

nA 

'e n 

Enable Pin Current 

LT1203 Pin 6, LT1205 Pins 10, 14 

• 


20 

80 

pA 


AC CHARACTCRISTICS Ta = 25°C, Vs = ±15V, Rl = Ik, EN pin open or high, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

SR 

Slew Rate (Note 6) 



180 300 

V/ps 

FPBW 

Full Power Bandwidth (Note 7) 

V 0 UT = 2Vp-p 


28.6 47.7 

MHz 

tsEL 

Channel-to-Channel Select Time (Note 8) 

R l = 10k 


25 35 

ns 


Enable Time (Note 9) 

R L = Ik 


25 35 

ns 


Disable Time (Note 9) 

R L = Ik 


20 35 

ns 

Wf 

Small-Signal Rise and Fall Time 

V 0U T = 250m V P .p, 10% to 90% 


2.6 

ns 


Propagation Delay 

Vout = 250mVp.p 


2.9 

ns 


Overshoot 

Vqut = 250mVp.p 


5 

% 


Crosstalk (Note 10) 

ci? 

ii 

CD 

D 


90 

dB 


Chip Disabled Crosstalk (Note 10) 

R l = 10Q, EN Pin Voltage < 0.8V 


110 

dB 


Channel Select Output Transient 

All V| N = 0V 


50 

mVp.p 

ts 

Settling Time 

1%, Vout = IV 


30 

ns 


Differential Gain (Note 11) 

V S = ±15V, R l = 10k 


0.02 

% 


Differential Phase (Note 11) 

V s = ±1 5V, R L = 10k 


0.02 

DEG 


Insertion Loss 

R l = 1 00k, Cl = 30pF, Vqut = 500mV P . P , f = 1 MHz 


0.02 

dB 


The • denotes specifications which apply over the specified For inputs <±2.8V the SCR will not fire. Voltages above 2.8V will fire the 

temperature range. SCR and the DC current should be limited to 20mA. To turn off the SCR 

Note 1 : The analog inputs (pins 1, 3 for the LT1 203, pins 1, 3, 5, 7 for the the pin voltage must be reduced to less than IV or the current reduced to 
LT1205) are protected against ESD and overvoltage with internal SCRs. less than 600pA. 
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Note 2: The digital inputs (pins 5, 6 for the LT 1 203, pins 9, 1 0, 1 3, 1 4 for 
the LT1205) are protected against ESD and overvoltage with internal 
SCRs. For inputs <±6V the SCR will not fire. Voltages above 6V will fire 
the SCR and the DC current should be limited to 50mA. To turn off the 
SCR the pin voltage must be reduced to less than 2 V or the current 
reduced to less than 10mA. 

Note 3: A heat sink may be required depending on the power supply 
voltage. 

Note 4: Commercial grade parts are designed to operate over the 
temperature range of-40°C to 85°C but are neither tested nor guaranteed 
beyond 0°C to 70°C. Industrial grade parts specified and tested over 
-40°C to 85°C are available on special request, consult factory. 

Note 5: Tj is calculated from the ambient temperature T A and the power 
dissipation Pq according to the following formulas: 

LT1203CN8: Tj = T A + (P D x 100°C/W) 

LT1203CS8: Tj = T A + (P D x 150°C/W) 

LT1205CS: Tj = T A + (P D x 100°C/W) 

Note 6: Slew rate is measured at ±2.0V on a ±2.5V output signal while 
operating on ±1 5V supplies, R L = Ik. 

Note 7: Full power bandwidth is calculated from the slew rate 
measurement: 

FPBW = SR/2tcVp EAK 

Note 8: For the LT1203, apply 1VDC to pin 1 and measure the time for the 
appearance of 0.5V at pin 7 when pin 5 goes from 5 V to 0V. Apply 1 VDC 


to pin 1 and measure the time for disappearance of 0.5V at pin 7 when 
pin 5 goes from 0 V to 5 V. Apply 1VDC to pin 3 and measure the time for 
the appearance of 0.5V at pin 7 when pin 5 goes from 0V to 5V. Apply 
1 VDC to pin 3 and measure the time for disappearance of 0.5V at pin 7 
when pin 5 goes from 5 V to 0V. For the LT1205 the same test is 
performed on both MUXs. 

Note 9: For the LT1203, apply 1 VDC to pin 1 and measure the time for the 
appearance of 0.5V at pin 7 when pin 6 goes from 0V to 5 V. Pin 5 voltage 
= 0V. Apply 1VDC to pin 1 and measure the time for disappearance of 0.2V 
at pin 7 when pin 6 goes from 5 V to 0V. Pin 5 voltage = 0V. Apply 1 VDC 
to pin 3 and measure the time for the appearance of 0.5V at pin 7 when 
pin 6 goes from 0V to 5 V. Pin 5 voltage = 5 V. Apply 1VDC to pin 3 and 
measure the time for disappearance of 0.2V at pin 7 when pin 5 goes from 
5 V to 0V. Pin 5 voltage = 5 V. For the LT1205 the same test is performed 
on both MUXs. 

Note 10: V| N = OdBm (0.223V RM s) at 10MHz on one input with the other 
input selected and Rs = 10Q. For disable crosstalk all inputs are driven 
simultaneously. In disable the output impedance is very high and signal 
couples across the package; the load impedance determines the crosstalk. 
Note 11: Differential gain and phase are measured using a Tektronix 
TSG120 YC/NTSC signal generator and a Tektronix 1780R video 
measurement set. The resolution of this equipment is 0.1% and 0.1°. 

Ten identical MUXs were cascaded giving an effective resolution of 
0.01% and 0.01°. 


TRUTH TR0L€ 


LOGIC 

EN 

VOUT 

0 

1 

Vino 

1 

1 

Vini 

0 

0* 

HIGH Zqut 

1 

0 

HIGH Z 0U t 


*Must be <0.5V 
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Channel 1 Enable 



Vs = ±15V Vino = IV 
R l = Ik V !N1 =OV 


Channel 1 Disable 


EN 
(PIN 6) 


VoUT 
(PIN 7) 


V S = ±15V Vino = IV 
R L = Ik V iN1 = OV 


LT1 203/05 • TPC20 
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Input Protection 

The logic inputs have ESD protection (>2kV) and short- 
ing them to 12V or 15V will cause excessive current to 
flow. Limit the current to less than 50mA when driving 
the logic above 6V. The analog inputs are protected 
against ESD and overvoltage with internal SCRs. For 
inputs >±2.8 V the SCRs will fire and the DC current 
should be limited to 20mA. 

Power Supplies 

The LT 1 203/LT 1 205 will operate from +5V (10V total) to 
+15V (30V total) and is specified over this range. Charac- 
teristics change very little over this voltage range. It is not 
necessary to use equal value supplies however, the output 
offset voltage will change. The offset will change about 
300p.V per volt of supply mismatch. The LT1203/LT1 205 
have a very wide bandwidth yet are tolerant of power 
supply bypassing. The power supplies should be by- 
passed witha0.1pFor0.01pF ceramic capacitor within 0.5 
inch of the part. 

Circuit Layout 

Use a ground plane to ensure a low impedance ground is 
available throughout the PCB layout. Separate the inputs 


with ground plane to ensure high channel separation. For 
minimum peaking, maximum bandwidth and maximum 
gain flatness sockets are not recommended because they 
can add considerable stray inductance and capacitance. If 
a socket must be used, use a low profile, low capacitance 
socket such as the SamTec ISO-308. 

Switching Transients 

The LT 1 203/LT1 205 use input buffers to ensure switching 
transients do not couple to other video equipment sharing 
the input line. Output switching transients are about 
50mVp.p with a 20ns duration and input transients are 

LT1203 Channel-to-Channel Switching Transient 


OUTPUT 

50mV/DIV 


INPUT 

20mV/DIV 


LOGIC 
(PIN 5) 


R S = 50Q LT1 203/05 •AIOI 
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CMOS MUX Channel-to-Channel Switching Transient 



Rg = 50 a turn- Mil 

NOTE: 50 TIMES LARGER THAN LT1203 TRANSIENT 


LT1203 Switching Inputs 


LOGIC 
(PIN 5) 


OUTPUT 
(PIN 7) 



CHANNEL 1 = OV mmm-m 

CHANNEL 2 = 2MHz SINEWAVE 


only 1 0mVp.p. A photo of the switching transients from a 
CMOS MUX shows glitches to be 50 times larger than on 
the LT1203. Also shown is the output of the LT1203 
switching on and off a 2MHz sinewave cleanly and without 
abnormalities. 

Pixel Switching 

The multiplexers are fabricated on LTC's Complementary 
Bipolar Process to attain fast switching speed, high band- 
width, and a wide supply voltage range compatible with 
traditional video systems. Channel-to-channel switching 
time and Enable time are both 25ns, therefore delay is the 
same when switching between channels or between ICs. 
To demonstrate the switching speed of the LT1 203/LT1 205 
the RGB MUX of Figure 1 is used to switch RGB Worksta- 
tion inputs with a 22ns pixel width. Figure 2a is a photo 
showing the Workstation output and RGB MUX output. 
The slight rise time degradation at the RGB MUX output is 
due to the bandwidth of the LT1260 current feedback 
amplifier used to drive the 75L2 cable. In Figure 2b, the 
LT 1 203 switches to an input at zero at the end of the first 
pixel and removes the following pixels. 


J8 



J9 

RED 


J10 

GREEN 


J11 

BLUE 
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WORKSTATION 

OUTPUT 


RGB MUX 
OUTPUT 


LTIiOMS'flK* 

Figure 2a. Workstation and RGB MUX Output 


WORKSTATION 

OUTPUT 


RGB MUX 
OUTPUT 


Figure 2b. RGB MUX Output Switched to Ground 
After One Pixel 


Demonstration Board 

A Demonstration Board (#041) of the RGB MUX in Figure 
1 has been fabricated and its layout is shown in Figure 3. 
The small-signal bandwidth of the RGB MUX is set by the 
bandwidth of the LT1260. The stray capacitance of the 
surface mount feedback resistors Rpand Rq restricts the 
-3dB bandwidth to about 95MHz. The bandwidth can be 
improved by about 20% using the through-hole LT1260 
and components. A frequency response plot in Figure 4 
shows that the R, G, and B amplifiers have slightly 
different frequency responses. The difference in the G 
amplifier is due to different output trace routing to 
feedback resistor R13. 



LT1 203/05 *F02b 



V s = ±1 5V 





n 

"L 

r f 

= F 

G = 

,3k 


















J 


R 

B 

1 


1 






1 



1 
















1 











1 


1 10 100 1000 
FREQUENCY (MHz) 

LT1203/05*F04 


Figure 4. RGB MUX Frequency Response of 
Demonstration Board #041 


Input Expansion 


The output impedance of the LT1203/LT1205 is typically 
20£2 when enabled and 10Mn when disabled or not 
selected. This high disabled output impedance allows the 
output of many LT1 205s to be shorted together to form 
large crosspoint arrays. With their outputs shorted to- 
gether, shoot-through current is low because the “on” 
channel is disabled before the “off” channel is activated. 


Timing and Supply Current Waveforms 


ENABLE 
1C #1 
ENABLE 
1C #2 


VoUT 

1V/DIV 


•s 

lOmA/DIV 



LT1203/05 • AI04 


5V/DIV 

5V/DIV 


Four LT 1 205s are used in Figure 5 to form a 16-to-1 
multiplexer which is very space efficient and uses only six 
SO packages. In this application 1 5 switches are turned off 
and only one is active. An attenuator is formed by the 15 
deselected switches and the active device which has an 
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output impedance of only 25a at 1 0MHz. This attenuator 

is responsible for the outstanding All Hostile Crosstalk 

Rejection of 90dB at 10MHz with 15 input signals. 

Several suggestions to attain this high rejection include: 

1. Mount the feedback resistors for the surface mount 
LT1252 on the backside of the PC board. 

2. Keep the feedback trace (pin 3) of the LT1 252 as short 
as possible. 

3. Route V + and V“ for the LT1 205s on the component 
(top) side and under the devices (between inputs and 
outputs). 

4. Use the backside of the PC board as a solid ground 
plane. Connect the LT1205 device grounds and by- 
pass capacitors grounds as vias to the backside 
ground plane. 


5V 

SELECT 
LINE C 

OV 


IV 


OV 


16-to-1 MUX, Switching LT1205 Enable Lines 



V| N4 = OV Ftp = R G = 1.6k 
Vino = 1 V R L = 100fl 


16-to-1 Multiplexer All Hostile Crosstalk Rejection 



LT1 203/05 • AI06 



1 10 100 
FREQUENCY (MHz) 


LT1 203/05 • AI07 


Each “off” switch has 2.8pF of output capacitance and 1 5 
“off” switches tied together represent a 48pF load to the 
one active switch. In this case the active device will peak 
about 3dB at 50MHz. An attribute of current feedback 
amplifiers is that the bandwidth can easily be adjusted by 
changing the feedback resistors, and in this application 
the LT 1 252’s bandwidth is reduced to about 60MHz using 
1 .6kfeedback resistors. This has the effect of reducing the 
peaking in the MUX to 0.25dB and flattening the response 
to 0.05dB at 30MHz. 


4x4 Crosspoint 

The compact high performance 4 x4 crosspoint shown in 
Figure 6 uses four LT 1 205s to route any input to any or all 
outputs. The complete crosspoint uses only six SO pack- 
ages and less than six square inches of PC board space. 
The LT1 254 quad current feedback amplifier serves as a 
cable driver with a gain of 2. A+5V supply is used to ensure 
that the maximum 150°C junction temperature of the 
LT1254 is not exceeded in the SO package. With this 
supply voltage the crosspoint can operate at a 70°C 
ambient temperature and drive 2 V (peak or DC) into a 
double-terminated 75a video cable. The feedback resis- 
tors of these output amplifiers have been optimized for 
this supply voltage. The — 3dB bandwidth of the crosspoint 
is over 100MHz with only 0.8dB of peaking. All Hostile 
Crosstalk Rejection is 85dB at 10MHz when a shorted 
input is routed to all outputs. To obtain this level of 
performance it is necessary to follow techniques similarto 
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-5V 5V GND 



Figure 6. 4 x 4 Crosspoint and Truth Table 
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those used in the 1 6-to-1 crosspoint with one additional 
suggestion: Surroundthe LT1 205outputtraces by ground 
plane and route them away from the (-) inputs of the 
other three LT1 254s. 

Each pair of logic inputs labeled Select Logic Output is 
used to select a particular output. The truth table is used 
to select the desired input and is applied to each pair of 
logic inputs. For example, to route Channel 1 Input to 


Output 3, the 4th pair of logic inputs labeled Select Logic 
Output 3 is coded A = Low and B = High. To route 
Channel 3 Input to all outputs, set all eight logic inputs 
High. Channel 3 is the default input with all logic inputs 
open. To shut off all channels a pair of LT1 259s can be 
substituted for the LT1 254. The LT1 259 is a dual current 
feedback amplifier with a shutdown pin that reduces the 
supply current to OpA. 



1 10 100 200 


FREQUENCY (MHz) 

LT1 203/05 • AI08 


4x4 Crosspoint, All Hostile Rejection 



1 10 100 
FREQUENCY (MHz) 


LT1 203/05 «AI 09 


4x4 Crosspoint, Switching Channel 0 to Channel 2 



CHANNEL 2 = OV 
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FCRTURCS 

■ 0.1 dB Gain Flatness > 30MHz 

■ Channel Separation at 10MHz: 90dB 

■ 40mV Switching Transient, Input Referred 

■ -3dB Bandwidth, A v = 2, Rl = 150Q: 75MHz 

■ Channel-to-Channel Switching Time: 120ns 

■ Easy to Expand for More Inputs 

■ Large Input Range: ±6V 

■ 0.04% Differential Gain, Rl = 150Q 

■ 0.06° Differential Phase, Rl = 1500 

■ High Slew Rate: lOOOV/ps 

■ Output Swing, Rl = 4000: ±13V 

■ Wide Supply Range: ±5V toll 5V 

rppucrtiors 

■ Broadcast Quality Video Multiplexing 

■ Large Matrix Routing 

■ Medical Imaging 

■ Large Amplitude Signal Multiplexing 

■ Programmable Gain Amplifiers 


4-lnput Video Multiplexer 
with 75MHz Current 
Feedback Amplifier 

DCSCMPTIOn 

The LT1204 is a 4-input video multiplexer designed to 
drive 750 cables and easily expand into larger routing 
systems. Wide bandwidth, high slew rate, and low differ- 
ential gain and phase make the LT 1 204 ideal for broadcast 
quality signal routing. Channel separation and disable 
isolation are greaterthan 90dB up to 1 0MHz. The channel- 
to-channel output switching transient is only 40mVp.p, 
with a 50ns duration, making the transition imperceptible 
on high quality monitors. 

A unique feature of the LT1204 is its ability to expand into 
larger routing matrices. This is accomplished by a patent 
pending circuit that bootstraps the feedback resistors in 
the disable condition, raising the true output impedance of 
the circuit. The effect of this feature is to eliminate cable 
misterminations in large systems. 

The large input and output signal levels supported by the 
LT 1 204 when operated on ±1 5V supplies make it ideal for 
general purpose analog signal selection and multiplexing. 
A shutdown feature reduces the supply current to 1 .5mA. 


TVPicni rppucrtior 



All Hostile Crosstalk 



FREQUENCY (MHz) 
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absolute mnximum ratiags 


Supply Voltage ±18V 

- Input Current (Pin 13) ±15mA 

+lnput and Control/Logic Current (Note 1) ±50mA 

Output Short-Circuit Duration (Note 2) Continuous 

Specified Temperature Range (Note 3) 0°C to 70°C 


Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 4) 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


packagc/ordcr iRFORmRTion 



TOP VIEW 


ORDER PART 


TOP VIEW 


ORDER PART 

Vino E 


16] V + 

NUMBER 

Vino E 



16] V + 

NUMBER 

GND E 


E v 0 


GND E 



iU Vo 


V|„, |T 


u\ v 

LT1204CN* 

VlHI [1 



u\ V" 

LT1204CS* 

GND [T 


1 FB 


GND E 



E FB 


V|N 2 CE 


H S/D 


V|N 2 E 



iU S/D 


GND E 


TT] ENABLE 


GND E 



TT| ENABLE 


V|N 3 E 


io] A1 


V|N3 H 



10| A1 


REF E 


El AO 


REF |T 



E AO 



N PACKAGE 




S PACKAGE 



16-LEAD PLASTIC DIP 


16-LEAD PLASTIC SOL 


Tjmax = 150°C, e JA = 70°C/W 


Tjmax 

= 1 50°C, Gja = 90°C/W 



*See Note 3 

Consult factory for Industrial and Military grade parts. 


ELECTRICRL CHARACTERISTICS 

0°C < T a < 70°C, ±5V < Vs < ±15V, Vqm = 0V, Pin 8 grounded and pulse tested unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

Any Positive Input, Ta = 25°C 


5 14 

mV 




• 

16 

mV 


Offset Matching 

Between Any Positive Input, Vs = ±15V 

• 

0.5 5 

mV 


Input Offset Voltage Drift 

Any Positive Input 

• 

40 

nv/°c 

l|N + 

Positive Input Bias Current 

Any Positive Input, T A = 25°C 


3 8 

pA 




• 

10 

pA 

■in" 

Negative Input Bias Current 

T a = 25°C 


±10 ±50 

pA 




• 

±75 

pA 

e n 

Input Noise Voltage 

f = 1kHz, R f = Ik, R G = 10n, R s = OQ 


7 

nV/VHz 

+ in 

Noninverting Input Noise Current Density 

f = 1kHz 


1.5 

pA/VHz 

-in 

Inverting Input Noise Current Density 

f = 1kHz 


40 

pA/Vflz 

C|N 

Input Capacitance 

Input Selected 


3.0 

PF 



Input Deselected 


3.5 

PF 

CoUT 

Output Capacitance 

Disabled, Pin 11 Voltage = OV 


8 

PF 

Rin 

Positive Input Resistance, Any Positive Input 

V s = ±5V, V|n = -1.5V, 2V, T a = 25°C 


5 20 

Ma 



V$ = ±15V, V||\| = ±5V 

• 

4 20 

m 


2-390 


urnm 







LT1204 


€l€CTRICfll CHARACTERISTICS 

0°C < T a < 70°C, ±5V < V s < ±15V, V C m = OV, Pin 8 grounded and pulse tested unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Input Voltage Range, Any Positive Input 

V s = ±5V, T a = 25°C 


2.0 

2.5 


V 





-1.5 

-2.0 


V 



V s = ±15V 

• 

±5.0 

±6.0 


V 



V s = ±15V, Pin 8 Voltage = -5V 

• 

3.75 

4.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V s = ±5V, V CM = -1.5V, 2V, T a = 25°C 


48 

55 


dB 



V s = ±15V,V C m = ±5V 

• 

48 

58 


dB 


Negative Input Current 

V s = ±5V, V CM = -1 .5V, 2V, T a = 25°C 



0.05 

1 

pA/V 


Common-Mode Rejection 

V S = ±15V,V C m = ±5V 

• 


0.05 

1 

(oA/V 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ±1 5V 

• 

60 

76 


dB 


Negative Input Current Power Supply Rejection 

V s = ±4.5V to ±15V 

• 


0.5 

5 

mA/V 

Avol 

Large-Signal Voltage Gain 

V s = ±15V, V OU t = ±10V, R L = Ik 

• 

57 

73 


dB 



V s = ±5V, V 0U T = ±2V, R L = 15(to 

• 

57 

66 


dB 

Rol 

Transresistance 

V s = ±1 5V, V 0U t = ±1 OV, R L = Ik 

• 

115 

310 


kQ 


AVo/Al||\f 

Vs = ±5V, Vqut = ±2V, R(_ = 1 50Q 

• 

115 

210 


kQ. 

V OUT 

Output Voltage Swing 

V s = ±15V, R l = 400Q, T a = 25°C 


±12 

±13.5 


V 




• 

±10 



V 



V s = ±5V, R l = 150Q, T a = 25°C 


±3.0 

±3.7 


V 




• 

±2.5 



V 

■out 

Output Current 

R l = 0Q,T a = 25°C 


35 

55 

125 

mA 

■s 

Supply Current (Note 5) 

Pin 1 1 = 5V 

• 


19 

24 

mA 



Pin 11 = OV 

• 


19 

24 

mA 



Pin 12 = OV 

• 


1.5 

3.5 

mA 


Disabled Output Resistance 

V s = ±15V, Pin 11 = OV, V 0 = ±5V, 

r f = r g = Ik 

• 

14 

25 


kQ. 



V S = ±15V, Pin 11 = OV, V 0 = ±5V, 

R f = 2k, R g = 222Q 

• 

8 

20 


kQ 


DIGITAL IOPUT CHARACTERISTICS 

0°C < Ta < 70°C, Vs = ±15V, Rp = 2k, Rq = 220Q, Rl = 400Q unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V| L 

Input Low Voltage 

Pins 9, 10, 11, 12 

• 

0.8 

V 

V| H 

Input High Voltage 

Pins 9,10,11,12 

• 

2 

V 

IlL 

Input Low Current 

Pins 9, 10 Voltage = 0V 

• 


1.5 

6 

pA 

IlH 

Input High Current 

Pins 9, 10 Voltage = 5V 

• 


10 

150 

nA 


Enable Low Input Current 

Pin 1 1 Voltage = OV 

• 


4.5 

15 

pA 


Enable High Input Current 

Pin 11 Voltage = 5V 

• 


200 

300 

pA 

■s/d 

Shutdown Input Current 

Pin 12 Voltage OV<Vs7d<5V 

• 


20 

80 

pA 

tsel 

Channel-to-Channel Select Time (Note 6) 

Pin 8 Voltage = -5 V,T a = 25°C 



120 

240 

ns 

tdis 

Disable Time (Note 7) 

Pin 8 Voltage = -5 V,T a = 25°C 



40 

100 

ns 

ten 

Enable Time (Note 8) 

Pin 8 Voltage = -5 V,T a = 25°C 



110 

200 

ns 

ts/D 

Shutdown Assert or Release Time (Note 9) 

Pin 8 Voltage = -5 V,T a = 25°C 



1.4 

3.4 

ps 


xr\im 
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RC CHARACTERISTICS Ta = 25°C, Vs = ±15V, Rp = Rq = Ik, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

tr.tf 

Small-Signal Rise and Fall Time 

R L = 150O, V 0UT = ±125mV 

5.6 

ns 

SR 

Slew Rate (Note 10) 

R l = 4000 

500 1000 

V/jos 


Channel Select Output Transient 

All Vim = 0V, Rl = 4000, Input Referred 

40 

mV 

ts 

Settling Time 

0.1%, V 0 (jt = 10V, R L = Ik 

70 

ns 


All Hostile Crosstalk (Note 11) 

SO PCB #028, R L = 1000, R s = 10Q 

92 

dB 


Disable Crosstalk (Note 11) 

SO PCB #028, Pin 1 1 Voltage = OV, R L = 1000, R s = 500 

95 

dB 


Shutdown Crosstalk (Note 11) 

SO PCB #028, Pin 12 Voltage = 0V, R L = 1000, R s = 500 

92 

dB 


All Hostile Crosstalk (Note 11) 

P-DIP PCB #029, R L = 1000, R s = 10O 

76 

dB 


Disable Crosstalk (Note 11) 

P-DIP PCB #029, Pin 1 1 Voltage = OV, R L = 1000, R s = 500 

81 

dB 


Shutdown Crosstalk (Note 11) 

P-DIP PCB #029, Pin 12 Voltage = OV, R L = 1000, R s = 500 

76 

dB 


Differential Gain (Note 12) 

V s = ±15V, R L = 1500 

0.04 

% 



V s = ±5V, R l = 1500 

0.04 

% 


Differential Phase (Note 12) 

V s = ±15V, R l = 1500 

0.06 

DEG 



V S = ±5V, R L = 1500 

0.12 

DEG 


The • denotes specifications which apply over the specified operating 
temperature range. 

Note 1: Analog and digital inputs (Pins 1, 3, 5, 7, 9, 10, 11 and 12) are 
protected against ESD and overvoltage with internal SCRs. For inputs 
< ±6V the SCR will not fire, voltages above 6V will fire the SCRs and 
the DC current should be limited to 50mA. To turn off the SCR the pin 
voltage must be reduced to less than 2 V or the current reduced to less 
than 1 0mA. 

Note 2: A heat sink may be required depending on the power supply 
voltage. 

Note 3: Commercial grade parts are designed to operate over the 
temperature range of -40°C to 85°C but are neither tested nor 
guaranteed beyond 0°C to 70°C. Industrial grade parts specified and 
tested over-40°C to 85°C are available on special request. Consult 
factory. 

Note 4: Tj is calculated from the ambient temperature Ta and power 
dissipation Pq according to the following formulas: 

LT1204CN: Tj = T A + (P D x 70°C/W) 

LT1 204CS: Tj = T A + (P D x 90°C/W) 

Note 5: The supply current of the LT1204 has a negative temperature 
coefficient. For more information see Typical Performance 
Characteristics. 

Note 6: Apply 0.5V DC to Pin 1 and measure the time for the 
appearance of 5V at Pin 15 when Pin 9 goes from 5 V to OV. Pin 10 
Voltage = OV. Apply 0.5V DC to Pin 3 and measure the time for the 
appearance of 5V at Pin 15 when Pin 9 goes from 0V to 5 V. Pin 10 
Voltage = OV. Apply 0.5V DC to Pin 5 and measure the time for the 


appearance of 5 V at Pin 15 when Pin 9 goes from 5V to 0V. Pin 10 
Voltage = 5 V. Apply 0.5V DC to Pin 7 and measure the time for the 
appearance of 5 V at Pin 15 when Pin 9 goes from 0V to 5V. Pin 10 
Voltage = 5 V. 

Note 7: Apply 0.5V DC to Pin 1 and measure the time for the 
disappearance of 5V at Pin 15 when Pin 11 goes from 5V to 0V. 

Pins 9 and 1 0 are at 0V. 

Note 8: Apply 0.5V DC to Pin 1 and measure the time for the 
appearance of 5V at Pin 15 when Pin 11 goes from 0V to 5V. 

Pins 9 and 10 are at 0V. Above a 1 MHz toggle rate, t en reduces. 

Note 9: Apply 0.5V DC at Pin 1 and measure the time for the 
appearance of 5V at Pin 15 when Pin 12 goes from 0V to 5 V. 

Pins 9 and 1 0 are at 0V. Then measure the time for the disappearance 
of 5V DC to 500mV at Pin 15 when Pin 12 goes from 5V to 0V. 

Note 10: Slew rate is measured at ±5V on a ±1 0V output signal while 
operating on ±15V supplies with Rp = 2k, Rq = 2200 and R|_ = 4000. 
Note 11: % = OdBm (0.223Vrms) at 10MHz on any 3 inputs with the 
4th input selected. For Disable crosstalk and Shutdown crosstalk all 4 
inputs are driven simultaneously. A 6dB output attenuator is formed by 
a 500 series output resistor and the 500 input impedance of the 
HP4195A Network Analyzer. R F = R G = Ik. 

Note 12: Differential Gain and Phase are measured using a Tektronix 
TSG1 20 YC/NTSC signal generator and a Tektronix 1 780R Video 
Measurement Set. The resolution of this equipment is 0.1% and 0.1°. 
Five identical MUXs were cascaded giving an effective resolution of 
0.02% and 0.02°. 
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TYPICAL RC P€RFORmnnC€ Measurements taken from SO Demonstration Board #028. 


V S (V) 

Av 

Rl(Q) 

R f (Q) 

Rg(«) 

SMALL SIGNAL 
— 3dB BW (MHz) 

SMALL SIGNAL 

0.1 dB BW (MHz) 

SMALL SIGNAL 
PEAKING (dB) 

±15 

1 




88.5 

48.3 

0.1 






95.6 

65.8 

0 

±12 

1 




82.6 

49.1 

0.1 






90.2 

63.6 


±5 

1 




65.5 

43.6 







68.2 

42.1 

0.1 

±15 

2 



787 

75.7 

45.8 

0 





887 

82.2 

61.3 

0.1 

±12 

2 



mmi 

71.9 

45.0 

0 






77.5 

52.1 


±5V 

2 





32.4 

o 





\ 649 

62.1 

42.7 


±15 





44.3 

28.7 

0.1 






47.4 

30.9 


±12 

10 





27.2 

0 







32.1 


±5 


150 



37.2 

22.1 

0 



Ik 



39.3 

27.8 

0.1 


TRUTH TRRLC 


A1 

A0 

ENABLE 

SHUTDOWN 

CHANNEL 

SELECTED 

0 

0 

1 

1 

Vino 

0 

1 

1 

1 

Vini 

1 

0 

1 

1 

V|N 2 

1 

1 

1 

1 

V|N 3 

X 

X 

0 

1 

High Z Output 

X 

X 

X 

0 

Off 
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TYPICAL P€AFORmnnC€ CHARACTCRISTKS 


+12V Frequency Response, Ay = 1 


±5V Frequency Response, Ay = 1 




±12V Frequency Response, Ay = 2 



10M 100M 

FREQUENCY (Hz) 


0 

-20 

-40 


-100 ™ 
-120 S 

-140 

-160 

-180 

-200 


±12V Frequency Response, Ay = 10 

24 
23 
22 
21 

S' 20 

"a 

z 19 
< 

« 18 
17 
16 
15 
14 

1M 10M 100M 1G 

FREQUENCY (Hz) 



+5V Frequency Response, Ay = 2 



±5V Frequency Response, Ay = 10 
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OUTPUT SATURATION VOLTAGE (V) INPUT VOLTAGE RANGE (V) OUTPUT CURRENT (|LtA) 


LT1204 


TYPICAL PCRFORIRARCC CHARACTERISTICS 


Output Disable V-l Characteristic 



— i — i — 
= ±15V 





L 


Rf 

= Rg 

= lk 















< 









7 









Z 









si opf - 


1 







Z 

1/1RU 





17 








> 

7 











i — 









-5 -4 -3 -2 -1 0 1 2 3 4 5 

OUTPUT VOLTAGE (V) 

LT1204 • TPC16 

Input Voltage Range 
vs Pin 8 Voltage 












s 






ns 

N 






N 

















. 





35°C, 25 °C, 1 25 c 








tz 





























0 - 

1 - 

2 - 

3 - 

4 

-5 - 


Disabled Output Impedance 
vs Frequency 



Maximum Channel Switching 
Rate vs Pin 8 Voltage 


Vin = Wdc 
-Rl = 100ft 
Rfb = Rg = 1k 


Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Input Voltage Range 
vs Supply Voltage 

1 T~ 

6 —PIN 8 = OV = 

4 I ~ 


1 1.5 2 2.5 3 3.5 

CHANNEL SWITCHING RATE (MHz) 

LT1204 • Tl 

Power Supply Rejection 
vs Frequency 

1 — I 1 1 1 I III — | |r[ | HI — rTTTTTTTl — TTTT 
k V S = ±15V 

1 TTlfl Rfb = Rg = 1I 


VOLTAGE ON PIN 8 (V) 


SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


Output Saturation Voltage 
vs Temperature 



0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1204 • TPC21 


Output Short-Circuit Current 
vs Temperature 



0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1204-TPC22 


Settling Time tolOmV 
vs Output Step 



40 50 60 

SETTLING TIME (ns) 
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Settling Time to ImV 
vs Output Step 



SETTLING TIME (ns) 


Enabled Supply Current 



0 2 4 6 8 10 12 14 16 18 


SUPPLY VOLTAGE (±V) 


LT1204 *TPC25 


LT1204 • TPC26 


Disabled and Shutdown Supply 
Current vs Supply Voltage 



RPPUCRTIOnS MFORmRTIOn 

Logic Inputs 

The logic inputs of the LT1204 are compatible with all 5 V 
logic. All pins have ESD protection (>2kV), and shorting 
them to 1 2 V or 1 5 V will cause excessive currents to flow. 
Limit the current to less than 50mA when driving the logic 
above 6 V. 

Power Supplies 

The LT1204 will operate from ±5V (10V total) to +15V 
(30V total) and is specified over this range. It is not 
necessary to use equal value supplies, however, the offset 
voltage and inverting input bias current will change. The 
offset voltage changes about 600p.V per volt of supply 
mismatch. The inverting bias current changes about 2.5pA 
per volt of supply mismatch. The power supplies should 
be bypassed with quality tantalum capacitors. 

Feedback Resistor Selection 

The small-signal bandwidth of the LT1204 is set by the 
external feedback resistors and internal junction capaci- 
tors. As a result the bandwidth is a function of the supply 
voltage, the value of the feedback resistor, the closed- 
loop gain and the load resistor. These effects are outlined 
in the resistor selection guide of the Typical AC Perfor- 
mance table. Bandwidths range as high as 95MHzand are 


specified over a very wide range of conditions. An advan- 
tage of the current feedback topology used in the LT1 204 
is well-controlled frequency response. In all cases of the 
performance table the peaking is 0.1 dB or less. If more 
peaking can be tolerated, larger bandwidths can be 
obtained by lowering the feedback resistor. For gains of 
2 or less, the 0.1 dB bandwidth is greaterthan 30MHz for 
all loads and supply voltages. 

At high gains (low values of Rq) the disabled output 
resistance drops slightly due to loading of the internal 
buffer amplifier as discussed in Multiplexer Expansion. 


Small-Signal Rise Time, A v = 2 



R L = 150S2 R G = Ik 
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Capacitance on the Inverting input 

Current feedback amplifiers require resistive feedback 
from the output to the inverting input for stable operation. 
Take care to minimize the stray capacitance between the 
output and the inverting input. Capacitance on the invert- 
ing input to ground will cause peaking in the frequency 
response and overshoot in the transient response. 

Capacitive Loads 

The LT1204 can drive capacitive loads directly when the 
proper value of feedback resistor is used. The graph of 
Maximum Capacitive Load vs Feedback Resistor should 
be used to select the appropriate value. The value shown 
is for 5dB peaking when driving a 1 k load at a gain of 2. 
This is a worst case condition. The amplifier is more 
stable at higher gains and driving heavier loads. Alterna- 
tively, a small resistor (1 0C2 to 20Q) can be put in series 
with the output to isolate the capacitive load from the 
amplifier output. This has the advantage that the ampli- 
fier bandwidth is only reduced when the capacitive load 
is present. The disadvantage is that the gain is a function 
of load resistance. 

Slew Rate 

The slew rate of the current feedback amplifier on the 
LT1204 is not independent of the amplifier gain the way 
slew rate is in atraditional op amp. This is because both the 
input and the output stage have slew rate limitations. In 
high gain settings the signal amplitude between the nega- 
tive input and any driven positive input is small and the 
overall slew rate is that of the output stage. For gains less 
than 1 0, the overall slew rate is limited by the input stage. 

The input slew rate of the LT1204 is approximately 135V/ 
ps and is set by internal currents and capacitances. The 
output slew rate is set by the value of the feedback 
resistors and the internal capacitances. At a gain of 1 0 with 
a 1 k feedback resistor and ±1 5 supplies, the output slew 
rate is typically lOOOV/ps. Larger feedback resistors will 
reduce the slew rate as will lower supply voltages, similar 
to the way the bandwidth is reduced. 

The graph, Maximum Undistorted Output vs Frequency, 
relates the slew rate limitations to sinusoidal inputs for 
various gain configurations. 


Large-Signal Transient Response 


37.0 



m I ' so«f 


V$ = ±15V R F = 1k 
Ay = 2 R G = Ik 
R l = 400Q 


Large-Signal Transient Response 



Vs = ±15V R f = 910£i 
Av = 10 R s = 100£2 
R l = 400Q 


Switching Characteristics and Pin 8 

Switching between channels is a “make-before-break” 
condition where both inputs are on momentarily. The 
buffers isolate the inputs when the “make-before-break” 
switching occurs. The input with the largest positive 
voltage determines the output level. If both inputs are 
equal, there is only a 40mV error at the input of the CFA 
during the transition. The reference adjust (pin 8) allows 
the user to trade off positive input voltage range for 
switching time. For example, on ±15V supplies, setting 
the voltage on pin 8 to -6.8V reduces the switching 
transientto a 50ns duration , and reduces the positive input 
range from 6 V to 2.35V. The negative input range remains 
unchanged at-6V. When switching video “in picture,” this 
short transient is imperceptible even on high quality 
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monitors. The reference pin has no effect when the LT 1 204 
is operating on ±5 V, and should be grounded. On supply 
voltages above ±8V, the range of voltages for pin 8 should 
be between -6.5V and -7.5V. Reducing pin 8 voltage 
below -7.5V turns “on” the “off” tee switch, and the 
isolation between channels is lost. 


Channel-to-Channel Switching 



V| tl o AND V| fJ , CONNECTED TO 2MHz SINEWAVE 
PIN 8 VOLTAGE = -6.8V, Vs = ±1 5V 


Transient at Input Buffer 



SWITCHING BETWEEN \l m 0 AND V m , 
Rs = 50£i, Vref = -6.8V, V s ±15V 


Competitive video multiplexers built in CMOS are bidirec- 
tional and suffer from poor output-to-input isolation and 
cause transients to feed to the inputs. CMOS MUXs have 
been built with “break-before-make” switches to eliminate 
the talking between channels, butthese sufferfrom output 
glitches large enough to interfere with sync circuitry. 
Multiplexers built on older bipolar processes that switch 
lateral PNPtransistors take several ps to settle and blurthe 
transition between pictures. 


Competitive MUXs 


CMOS MUX 


BIPOLAR MUX 


Crosstalk 

The crosstalk, or more accurately all hostile crosstalk, is 
measured by driving a signal into any 3 of the 4 inputs and 
selecting the 4th input with the logic control. This 4th input 
is either shorted to ground orterminated in an impedance. 
All hostile crosstalk is defined as the ratio in dB of the 
signal at the output of the CFA to the signal on the 3 driven 
inputs, and is input referred. Disable crosstalk is mea- 
sured with all 4 inputs driven and the part disabled. 
Crosstalk is critical in many applications where video 
multiplexers are used. In professional video systems a 
crosstalk figure of — 72dB is a desirable specification. 

The key to the outstanding crosstalk performance of the 
LT 1 204 is the use of tee switches (see Figure 1 ). When the 
tee switch is on (Q2 off) Q1 and Q3 are a pair of emitter 
followers with excellent AC response for driving the CFA. 
When the decoder turns off the tee switch (Q2 on) the 


V + 



Figure 1. Tee Switch 



V| N o AND V| N ! CONNECTED TO 2MHz SINEWAVE 
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emitter base junctions of Q1 and Q3 become reverse 
biased while Q2 emitter absorbs current from 1 1 . Not only 
do the reverse biased emitter base junctions provide good 
isolation, but any signal at Vin q coupling to Q1 emitter is 
further attenuated by the shunt impedance of Q2 emitter. 
Current from 12 is routed to any on switch. 

Crosstalk performance is a strong function of the 1C 
package, the PC board layout as well as the 1C design. The 
die layout utilizes grounds between each input to isolate 
adjacent channels, while the output and feedback pins are 
on opposite sides of the die from the input. The layout of 
a PC board that is capable of providing -90dB all hostile 
crosstalk at 10MHz is not trivial. That level corresponds to 
a 30jxV output below a IV input at 10MHz. A demonstra- 
tion board has been fabricated to show the component and 
ground placement required to attain these crosstalk num- 
bers. A graph of all hostile crosstalk for both the P-DI P and 


All Hostile Crosstalk 



SO packages is shown. It has been found empirically from 
these PC boards that capacitive coupling across the pack- 
age of greater than 3fF (0.003pF) will diminish the rejec- 
tion, and it is recommended that this proven layout be 
copied into designs. The key to the success of the SOL PC 
board #028 is the use of a ground plane guard around pin 
13, the feedback pin. 


P-DIP PC Board #029, Component Side 



LT1204 • At09 
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SOL PC Board #028, Component Side 
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Demonstration PC Board Schematic 


GND V” V + 



All Hostile Crosstalk Test Setup* Alternate All Hostile Crosstalk Setup* 
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Multiplexer Expansion Pin 11 and Pin 12 

To expand the number of MUX inputs, LT1204s can be 
paralleled by shorting their outputs together. The multi- 
plexer disable logic has been designed to prevent shoot- 
through current when two or more amplifiers have their 
outputs shorted together. (Shoot-through current is a 
spike of power supply current caused by both amplifiers 
being on at once.) 

Monitoring Supply Current Spikes 


v* 



Timing and Supply Current Waveforms 



The multiplexer uses a circuit to ensure the disabled 
amplifiers do not load or alter the cable termination. When 
the LT1204 is disabled (pin 11 low) the output stage is 
turned off and an active buffer senses the output and drives 
the feedback pin to the CFA (Figure 2). This bootstraps the 
feedback resistors and raises the true output impedance of 
the circuit. For the condition where Rp = Rq = Ik, the 
Disable Output Resistance is typically raised to 25k and 
drops to 20k for Ay = 1 0 , Rp = 2k and Rg = 2220 . due to 
loading of thefeedback buffer. Operating the Disable feature 
with Rg < 100a is not recommended. 



A shutdown feature (pin 12 low) reduces the supply 
current to 1.5mA and lowers the power dissipation 
when the LT 1 204 is not in use. If the part is shut down, 
the bootstrapping is inoperative and the feedback resis- 
tors will load the output. If the CFA is operated at a gain 
of +1 , however, the feedback resistor will not load the 
output even in shutdown because there is no resistive 
path to ground, but there will be a -6dB loss through 
the cable system. 

A frequency response plot shows the effect of using the 
disable feature versus using the shutdown feature. In 
this example 4 LT 1 204s were connected together at their 
outputs forming a 16-to-1 MUX. The plot shows the 
effect of the bootstrapping circuit that eliminates the 
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improper cable termination due to feedback resistors 
loading the cable. 

The limit to the number of expanded inputs is set by the 
acceptable error budget of the system. 

16-to-1 MUX Response Using Disable vs Shutdown 



LT1204 • All 6 


16-to-1 Multiplexer All Hostile Crosstalk 



FREQUENCY (MHz) 


For a 64-to-1 MUX we need 1 6 LT1 204s. The equivalent 
load resistance due to the feedback resistor Req in 
Disable is 25k/15 = 1.67k. See Figure 3. 

V °° 75(7 5 )T“oR EO ' V °° 0 - 489V 

This voltage represents a 2.1% loading error. If the 
shutdown feature is used instead of the disable feature, 
then the LT 1 204 could expand to only an 8-to-1 MUX for 
the same error. 

As a practical matter the gain error at frequency is also 
set by capacitive loading. The disabled output capaci- 
tance of the LT 1 204 is about 8pF, and in the case of 1 6 
LT 1 204s, it would represent a 1 28pF load. The combina- 
tion of 1.67k and 128pF correspond to about a 0.3dB 
roll-off at 5MHz. 



Figure 3. Equivalent Loading Schematic 
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Programable Gain Amplifier (PGA) 

Two LT 1 204s and seven resistors make a Programable 
Gain Amplifier with a 128-to-1 gain range. The gain is 
proportional to 2 N where l\l is the 3-bit binary value of the 
select logic. An input attenuator alters the input signal 

Programable Gain Amplifier Accepts Inputs 
from 62.5mVp. P to 8Vp.p 



by 1 , 0.5, 0.25 and 0.1 25 to form an amplifier with a gain 
of 16, 8, 4, 2, when LT1204 #1 is selected. LT1204 #2 
is connected to the same attenuator. When enabled 
(LT 1 204 #1 disabled) , it results in gain of 1 , 0.5, 0.25 and 
0.125. The wide input common-mode range of the 
LT1204 is needed to accept inputs of 8Vp.p. 

4-Input Differential Receiver 

LT1204s can be connected inverting and noninverting as 
shown to make a 4-input differential receiver. The receiver 
can be used to convert differential signals sent over a low 
costtwisted-pairto a single-ended output or used in video 
loop-thru connections. The logic inputs A0 and A1 are tied 
together because the same channels are selected on each 
LT1204. By using the Disable feature, the number of 
differential inputs can be increased by adding pairs of 
LT 1 204s and tying the outputs of the noninverting LT 1 204s 
(#1) together. Switching transients are reduced in this 
receiver because the transient from LT 1 204 #2 subtracted 
from the transient of LT1 204 #1 . 


4-lnput Differential Receiver 

A0 A1 S/D EN 
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Differential Receiver Switching Waveforms 




10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


4-lnput Twisted-Pair Driver 

It is possible to send and receive color composite video 
signals appreciable distances on a low cost twisted-pair. 
The cost advantage of this technique is significant. Stan- 
dard 75C2 RG-59/U coaxial cable cost between 250 and 
500 per foot. PVC twisted-pair is only pennies per foot. 
Differential signal transmission resists noise because the 
interference is present as a common-mode signal. The 
LT1 204 can select one of four video cameras for instance, 
and drive the video signal on to the twisted-pair. The circuit 
uses an LT1227 current feedback amplifier connected 
with a gain of -2, and an LT 1 204 with a gain of 2. The 470 
resistors back-terminate the low cost cable in its charac- 
teristic impedance to prevent reflections. The receiver for 
the differential signal is an LT1 1 93 connected for a gain of 
+2. Resistors R1, R2 and capacitors Cl, C2 are used for 
cable compensation for loss through the twisted-pair. 
Alternately, a pair of LT 1 204s can be used to perform the 
differential to single-ended conversion. 


4-lnput Twisted-Pair Driver/Receiver 
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Multiburst Pattern Passed Through 1000 Feet of Twisted-Pair, 
No Cable Compensation 



LT1204* AI24 


Multiburst Pattern Passed Through 1000 Feet of Twisted-Pair, 
with Cable Compensation 



LT1204* AI25 
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SECTION 3— INSTRUMENTATION AMPLIFIERS 

INDEX 3-2 

SELECTION GUIDE 3-3 

PROPRIETARY PRODUCTS 

L TCI 043, Dual Instrumentation Switched Capacitor Building Block ’90DB 11-15 

L TC1 100, Precision, Zero Drift Instrumentation Amplifier ’92DB 3-4 

LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ’92DB 3-1 1 

LT1102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain =10 or 100) ’92DB 3-23 

L T 1 193, Video Difference Amplifier, Adjustable Gain ’92DB 2-159 

LT1 194, Video Difference Amplifier, Gain of 10 ’92DB 2-1 71 
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Dual Precision Instrumentation Switched Capacitor Building Block: LTC1043 

■ Up to 120dB CMRR ■ Precise, Charge-Balanced Switching 

■ Adjustable Gain-Set by Output Op Amp ■ Up to 5MHz Clock Rate 

■ Offset and Offset Drift as Low as Output Amp Specs ■ Internal or External Clock 


PARAMETER 

LTC1043 

(USING LTC1 050 AMPLIFIER) 

Offset 

0.5|iV 

Offset Drift 

50nV/°C 

Bias Current 

lOpA 

Noise (0.1 Hzk to 10Hz) 

1.6mV 

Gain 

Resistor Programmable 

Gain Error 

Resistor Limited 0.001% Possible 

Gain Drift 

Resistor Limited <1ppm/°C Possible 

Gain Nonlinearity 

Resistor Limited Ippm Possible 

CMRR 

120dB 

Power Supply 

Single, Dual (18V, ±9V Max) 

Supply Current 

2mA 

Slew Rate 

1 mV/ms 

Bandwidth 

10Hz 


Instrumentation Amplifier 



CMRR vs Frequency 



100 Ik 10k 100k 

FREQUENCY OF COMMON-MODE SIGNAL (Hz) 
(LTC1043 W/LT1013) 


rrunm 

Ml TECHNOLOGY 


3-3 











NOTES 





S€CTIOn 4 — POUJCR PRODUCTS 


rrwrn 

TECHNOLOGY 


4-1 




TECHNOLOGY 


INDEX 


SECTION 4— POWER PRODUCTS 

INDEX 4-2 

SELECTION GUIDES 4-4 

PROPRIETARY PRODUCTS 

INDUCTORLESS DC TO DC CONVERTERS 4-15 

LTC1044A, 12V CMOS Voltage Converter 4-16 

LT1054, Switched-Capacitor Voltage Converter with Regulator 4-26 

LTC1144, Switched-Capacitor Wide Input Range Voltage Converter with Shutdown 4-38 

LINEAR REGULATORS 4-47 

LT1083/LT1084/L T1085, 7.5A, 5A, 3A Low Dropout Positive Adjustable Regulators 4-48 

LT1083/LT1084/LT1085 Fixed, 3A, 5A, 7.5A Low Dropout Positive Fixed Regulators 4-61 

LT1086 Series, 1.5A Low Dropout Positive Regulators Adjustable and Fixed 2.85V, 3.3V, 3.6V, 5V, 12V 4-72 

LT1117/LT1 11 7-2. 85 /L T1 1 1 7-3. 3/L T1 117-5, 800mA Low Dropout Positive Regulators Adjustable and 

Fixed 2.85V, 3.3V, 5V 4-85 

LT1120, Micropower Regulator with Comparator and Shutdown 4-96 

LT1120A, Micropower Regulator with Comparator and Shutdown 4-107 

LT1 121/L T 1 121-3. 3/LT1121-5, Micropower Low Dropout Regulators with Shutdown 4-114 

LT1 129/LT11 29-3. 3/LT1 129-5, Micropower Low Dropout Regulators with Shutdown 4-125 

LT1585, 4A Low Dropout Fast Response Positive Regulator Adjustable and Fixed 13-136 

POWER AND MOTOR CONTROL 4-137 

LTC1153, Auto-Reset Electronic Circuit Breaker 4-138 

LTC1154, High-Side Micropower MOSFET Driver 4-152 

LTC1157, 3.3V Dual Micropower High-Side/Low-Side MOSFET Driver 4-167 

LT1161, Quad Protected High-Side MOSFET Driver 4-175 

L TCI 163/L TC1 165, Triple 1.8V to 6V High-Side MOSFET Drivers 4-186 

LT1248, Power Factor Controller 4-194 

LT1249, Power Factor Controller 4-205 

LTC1255, Dual 24V High-Side MOSFET Driver 4-215 

SWITCHING REGULATORS 4-231 

LT1072, 1.25A High Efficiency Switching Regulator 4-232 

LT1074/LT1076, Step-Down Switching Regulator 4-243 

LT1082, 1A High Voltage, Efficiency Switching Voltage Regulator 4-257 

LT1103/LT1105, Offline Switching Regulator 4-267 

LT1107, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-294 

LT1108, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-306 

LT1109, Micropower Low Cost DC/DC Converter Adjustable and Fixed 5V, 12V 4-318 

LT1109A, Micropower DC/DC Converter Flash Memory VPP Generator Adjustable and Fixed 5V, 12V ...4-325 

LT1111, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-331 

LTC1142/LTC11 42-AD J, Dual High Efficiency Synchronous Step-Down Switching Regulators 4-346 

LTC1143, Dual High Efficiency Step-Down Switching Regulator Controller 4-365 

L TC1 147-3. 3/L TC1 147-5, High Efficiency Step-Down Switching Regulator Controllers 4-380 

LTC1148/LTC11 48-3. 3/LTC1 148-5, High Efficiency Synchronous Step-Down Switching Regulators 4-395 

LTC1149/LTC11 49-3. 3/LTC11 49-5, High Efficiency Synchronous Step-Down Switching Regulators 4-414 

L TCI 159/L TC1 159-3. 3/L TC1 159-5, High Efficiency Synchronous Step-Down Switching Regulators 13-11 

LT1170/LT1171/LT1172, 100kHz, 5A, 2.5A, and 1.25A High Efficiency Switching Regulators 4-433 

L TC1 1 74/L TC1 174-3. 3/L TC1 174-5, High Efficiency Step-Down and Inverting DC/DC Converter 4-447 
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INDEX 


LT1176/LT1 176-5, Step-Down Switching Regulator 4-462 

LT1182/LT1183, CCFL/LCD Contrast Dual Switching Regulator 13-27 

L T1268B/L T1268, 7.5A, 150kHz Switching Regulators 4-466 

LT1270A/LT1270, 8A and 10A High Efficiency Switching Regulators 4-470 

LT1271/LT1269, 4A High Efficiency Switching Regulators 4-474 

LT1300, Micropower High Efficiency 3.3/5 V Step-Up DC/DC Converter 4-478 

LT1301, Micropower High Efficiency 5V12V Step-Up DC/DC Converter with Flash Memory 4-486 

L T1302/L T 1302-5, Micropower High Outpu* Current Step-Up Adjustable and Fixed 5V DC/DC Converter 13-47 

LT1303/LT1 303-5, Micropower High Efficiency DC/DC Converter with Low-Battery Detector Adjustable and 

Fixed 5V 13-51 

LT1309, 500kHz Micropower DC/DC Converter for Flash Memory 13-55 

LT1372, 500kHz High Efficiency 1.5 A Switching Regulator 13-120 

LT1376, 1.5 A, 500kHz Step-Down Switching Regulator 13-121 

PCMCIA HOST AND CARD POWER MANAGEMENT DEVICES 4-497 

LT1106, Micropower Step-Up DC/DC Converter for PCMCIA Card Flash Memory 13-3 

LTC1262, 12V, 30mA Flash Memory Programming Supply 13-35 

LT1312, Single PCMCIA VPP Driver/Regulator 13-59 

LT1313, Dual PCMCIA VPP Driver/Regulator 13-71 

BATTERY MANAGEMENT CIRCUITS 4-499 

LTC1325, Microprocessor-Controlled Battery Charger 13-94 
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LINEAR REGULATORS 


Positive 


Negative 


Low Dropout 


Adjustable 

LT1083 (7.5A) 
LT1084 (5A) 
LT1085 (3A)* 
LT1086 (1.5A)* 
LT1020 (0.1 25A) 
LT1117 (0.8A)*’ ** 
LT1120 (0.1 25A) 
LT1121 (0.1 50A) 
LT1129 (0.700A)*’ 




Fixed 3.6V 

Fixed 12V 

LT1 085-3.6 (3A)* 

LT1 086-3.6 (1.5A)* 

LT1083-12 (7.5A) 
LT1084-12 (5A) 
LT1085-12 (3A) 
LT1086-12 (1.5A) 


Fixed 3.3V 

LT1 084-3.3 (5A) 

LT1 085-3.3 (3A)* 

LT1 086-3.3 (1.5A)* 
LT1 11 7-3.3 (0.8A)*’* 1 
LT1121-3.3 (0.15A)** 
LT1 129-3.3 (OJA)*’* 1 


Fixed 5V 

LT1 083-5 (7.5A) 

LT1 084-5 (5A) 

LT1 085-5 (3A) 

LT1 086-5 (1.5A) 

LT 111 7-5 (0.8A)*’** 
LT1121-5 (0.15A)** 
LT 1 1 23 (pnp Driver)*’ 


Fixed 2.85V 

LT1 11 7-2.85 (0.8A)* 
LT1 086-2.85 (1.5A) 



LT1003 (5A) 


1%Vref 

j 4% VreF li 

LT1083 (10A) 

LM1 38/338 (5V) 

LT138A/338A (5A) 

LM1 50/350 (3A) 

LT117A/317A (1.5) 

LM1 17/317 (1.5A) 

Low Dropout 
w/Remote Sense 


LT1087 (3A) 


- Low Dropout 

- Adjustable 


LT1185 (3A) 

- 3V Dropout — | 


Adjustable 

i i 

1 %V REF 

4% Vref 

LT1033 (3A) 
LT137A/337A (1.5A) 

LM1 37/337 (1.5A) 


LT1005 (5V, 1A) 
LT1035 (5V, 3A) 
LT1036 (12V, 3A) 


Available in surface-mount DD package 
" Available in surface-mount S0T223 package 
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SWITCHING REGULATOR SELECTION GUIDE 


OSCILLATOR 

OPTIMIZED FOR STEP-UP 

OR FLYBACK CONFIGURATIONS 

OPTIMIZED FOR 
STEP-DOWN OR 
INVERTING APPLICATIONS 

OFF-LINE 

AND/OR 

PWM CONTROLLERS 

FREQUENCY — > 

40kHz 

60kHz 

100kHz 

150kHz 

100kHz 

200kHz 

500kHz 

1MHz 


10A 


LT1270A 








8A 


LT1270 








7.5A 




LT1268 






5A 

LT1070 


LT1170 


LT1074 




s 

4A 


LT1271 

LT1269 






DC 

=> 

2.5A 

LT1071 


LT 1171 






3= 

2A 





LT1076* 

LT1103 



1— 

3 

1.25A 

LT1072 


LT1172 


LT1176* 




CO 

1A 


LT1082 








External 






LT1105 

LT124x 

LT1246 



INPUT VOLTAGE (V) 

MAXIMUM 

MAX RATED 

PACKAGES 


MIN 

MAX 

SWITCH VOLTAGE (V) 

SWITCH CURRENT (A) 

AVAILABLE 

LT1070 

3 

40 

65 

5 

K, T 

LT1070HV 

3 

60 

75 

5 

K, T 

LT1071 

3 

40 

65 

2.5 

K, T 

LT1071HV 

3 

60 

75 

2.5 

K, T 

LT1072 

3 

40 

65 

1.25 

K, T, N8, S8, SI 6 

LT1072HV 

3 

60 

75 

1.25 

K, T 

LT1074 

8 

40 

65 

5 

K, Q, T 

LT1074HV 

8 

60 

75 

5 

K, T 

LT1076* 

8 

40 

65 

2 

K, R, T, Y 

LT1076HV 

8 

60 

75 

2 

K, R, T, Y 

LT 1 082 

3 

75 

100 

1 

J8, N8, S, T 

LT1170 

3 

40 

65 

5 

K, T, Q 

LT1170HV 

3 

60 

75 

5 

K, T 

LT 1171 

3 

40 

65 

2.5 

K, Q, T 

LT 1171 HV 

3 

60 

75 

2.5 

K, T 

LT 1 1 72 

3 

40 

65 

1.25 

K, T, N8, S8, S16, Q 

LT1172HV 

3 

60 

75 

1.25 

K, T 

LT 1 1 76 * 

8 

38 

38 

1.25 

N, S 

LT1268 

3 

30 

60 

7.5 

T, Q 

LT1269 

3 

30 

60 

4 

S, T, Q 

LT1270A 

3 

30 

60 

10 

T 

LT1270 

3 

30 

60 

8 

T 

LT1271 

3 

30 

60 

4 

T, Q 


*Fixed 5 V output version available 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 


Commercial Temperature 



POSITIVE 



Vin/ 

V 0 NOMINAL 




OR 



Vdiff 

REGULATED 

MIL/ 


CURRENT 

NEGATIVE 


PACKAGE 

MAX 

OUTPUT 

IND 


(AMPS) 

OUTPUT 

PART NUMBER 

TYPE 

(V) 

VOLTAGE (V) 

TEMP 

FEATURE/COMMENTS 

10.0 

Pos Adj 

LT1038CK 

Steel TO-3 

35 

1.2 to 33 

M 

2% Vqut Tol, Plug In Compatible with 317, 350, 338 Types 


Switching 

LT1270ACT 

TO-220 

30 

Adjustable 


Self-Contained 60kHz PWM and 10 Amp Switch in a 5-Pin Package 

8.0 

Switching 

LT1270CT 

TO-220 

30 

Adjustable 


Self-Contained 60kHz PWM and 8 Amp Switch in a 5-Pin Package 

7.5 

Pos Fixed 

LT1083CK-5 

Steel TO-3 

30 

5 

M 

Low Dropout (1.2V), 1%V 0U T Tol 



LT1083CP-5 

Plastic TO-3P 

30 

5 





LT1083CK-12 

Steel TO-3 

30 

12 

M 




LT1083CP-12 

Plastic TO-3P 

30 

12 




Pos Adj 

LT1083CK 

Steel TO-3 

30 

1.2 to 29 

M, 1 

Low Dropout (1.2V), Pin Compatible with 317, 350, 338 Types 



LT1083CP 

Plastic TO-3P 

30 

1.2 to 29 



Switching 

LT1268CQ 

Plastic DD 

30 

Adjustable 


Self-Contained 150kHz PWM and 7.5A Switch in 5-Pin Package 


LT1268CT 

TO-220 

30 

Adjustable 


5.0 

Pos Fixed 

LT1003CK 

Steel TO-3 

20 

5 

M 

2% Vqut Tol 



LT1003CP 

Plastic TO-3P 

20 

5 




LT1084CT-3.3 

TO-220 

30 

3.3 


Low Dropout (1.2V), 1% Vout Tol 



LT1084CK-5 

Steel TO-3 

30 

5 

M 




LT1084CP-5 

Plastic TO-3P 

30 

5 





LT1084CT-5 

TO-220 

30 

5 





LT1084CK-12 

Steel T0-3 

30 

12 

M 




LT1084CP-12 

Plastic TO-3P 

30 

12 





LT1084CT-12 

TO-220 

30 

12 




Pos Adj 

LT338AK LM338K 

Steel TO-3 

35 

1.2 to 32 

M 

LT338A Has1% V RE f Tol 


LT338AP LM338P 

Plastic TO-3P 

35 

1.2 to 32 




LT1084CK 

Steel TO-3 

30 

1.2 to 29 

M, 1 

Low Dropout (1.2V), Pin Compatible with 317, 350, 338 Types 



LT1084CP 

Plastic TO-3P 

30 

1.2 to 29 




LT1084CT 

TO-220 

30 

Adjustable 





LT1087CT 

TO-220 

30 

1.2 to 29 


Low Dropout (1 .2V) with Kelvin Sense 


Switching 

LT1070CK 

Steel TO-3 

40 

Adjustable 

M. 1 

Self-Contained 40kHz PWM and 5A Switch in a 5-Pin Package 


LT1070CT 

TO-220 

40 

Adjustable 

1 



LT1070HVCK 

Steel TO-3 

60 

Adjustable 

M 




LT1070HVCT 

TO-220 

60 

Adjustable 

1 




LT1074CK 

Steel TO-3 

45 

Adjustable 

M 

Self-Contained 100kHz PWM and 5A Switch in a 5-Pin Package 



LT1074CT 

TO-220 

45 

Adjustable 

1 




LT1074CY 

7-Lead TO-220 

45 

Adjustable 


Self-Contained 100kHz PWM and 5A Switch in a 7-Pin Package 



LT1074HVCK 

Steel TO-3 

64 

Adjustable 


Self-Contained 100kHz PWM and 5A Switch in a 5-Pin Package 



LT1074HVCT 

TO-220 

64 

Adjustable 

1 




LT1074HVCY 

7-Lead TO-220 

64 

Adjustable 


Self-Contained 100kHz PWM and 5A Switch in a 7-Pin Package 



LT1170CK 

Steel TO-3 

40 

Adjustable 

M 

Self-Contained 100kHz PWM and 5A Switch in a 5-Pin Package 



LT1170CQ 

Plastic DD 

30 

Adjustable 


Self-Contained 100kHz PWM and 5A Switch in a 5-Pin Package 



LT1170CT 

TO-220 

40 

Adjustable 

1 

Self-Contained 100kHz PWM and 5A Switch in a 5-Pin Package 



LT1170HVCT 

TO-220 

60 

Adjustable 


4.0 

Switching 

LT1269CQ 

Plastic DD 

30 

Adjustable 


Self-Contained 100kHz PWM and 4A Switch in 5-Pin Package 



LT1269CT 

TO-220 

30 

Adjustable 





LT1269CS 

20-Lead SOIC 

30 

Adjustable 


Self-Contained 100kHz PWM and 4A Switch in 20-Lead SOIC Pkg 



LT1271CQ 

Plastic DD 

30 

Adjustable 


Self-Contained 60kHz PWM and 4A Switch in 5-Pin Package 



LT1271CT 

TO-220 

30 

Adjustable 


3.0 

Pos Fixed 

LT323AK LM323K 

Steel TO-3 

20 

5 

M 

LT323A Has 1% Vout Tol 



LT323AT 

TO-220 

20 

5 


LT323A Has 1% Vqut Tol 



LT1085CT-3.3 

TO-220 

30 

3.3 


Low Dropout (1.2V), 1% Vout Tol 



LT1085CM-3.3 

Plastic DD 

30 

3.3 


Low Dropout (1.2V), 1% Vqut Tol 3-Pin Surface Mount Package 



LT1085CM-3.6 

Plastic DD 

30 

3.6 




LT1085CT-3.6 

TO-220 

30 

3.6 


Low Dropout (1 .2V), 1 % Vqut Tol 



LT1085CK-5 

Steel TO-3 

30 

5 

M, 1 



LT1085CT-5 

TO-220 

30 

5 

1 




LT1085CK-12 

Steel TO-3 

30 

12 

M, 1 




LT1085CT-12 

TO-220 

30 

12 

1 



Pos Adj 

LT350AK LM350K 

Steel TO-3 

35 

1.2 to 33 

M 

LT350A Has 1% Vr EF Tol 



LT350AT LM350T 

TO-220 

35 

1.2 to 33 




LT350AP LM350P 

Plastic TO-3P 

35 

1.2 to 33 





LT1085CK 

Steel TO-3 

30 

1.2 to 29 

M, 1 

Low Dropout (1.2V), Pin Compatible with 317, 350 Types 



LT1085CT 

TO-220 

30 

1.2 to 29 

1 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 


Commercial Temperature 



POSITIVE 



V, N / 

V 0 NOMINAL 




OR 



Vdiff 

REGULATED 

MIL / 


CURRENT 

NEGATIVE 


PACKAGE 

MAX 

OUTPUT 

IND 


(AMPS) 

OUTPUT 

PART NUMBER 

TYPE 

(V) 

VOLTAGE (V) 

TEMP 

FEATURE/COMMENTS 

3.0 

Neg Adj 

LT1033CK 

Steel TO-3 

35 

-1.2 to -32 

M 

2% V REF Tol 



LT1033CP 

Plastic T0-3P 

35 

-1.2 to -32 




LT1033CT 

TO-220 

35 

-1.2 to -32 





LT1185CT 

TO-220 

35 

-2.5 to -25 

M, 1 

Low Dropout (0.75V) with Prog Current Limit and Shutdown 


Dual Pos 

LT1035CK 

Steel TO-3 

20 

Two 5V Outputs 

M 

Logic Controlled Main Output Voltage, 75mA Auxiliary Output 


Fixed 

LT1035CT 

TO-220 

20 

Two 5V Outputs 




Positive 

LT1036CK 

Steel TO-3 

30 

12,5 

M 

Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 



LT1036CT 

TO-220 

30 

12,5 


Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 

2.5 

Switching 

LT1071CK 

Steel TO-3 

40 

Adjustable 

M 

Self-Contained 40kHz PWM and 2.5A Switch in a 5-Pin Package 


LT1071CT 

TO-220 

40 

Adjustable 

1 



LT1071HVCK 

Steel TO-3 

60 

Adjustable 

M 




LT1071HVCT 

TO-220 

60 

Adjustable 

1 




LT1171CK 

Steel TO-3 

40 

Adjustable 

M 

Self-Contained 100kHz PWM and 2.5A Switch in a 5-Pin Package 



LT1171CT 

TO-220 

40 

Adjustable 

1 




LT1171HVCT 

TO-220 

60 

Adjustable 





LT1171CQ 

Plastic DD 

40 

Adjustable 


Self-Contained 100kHz PWM and 2.5A Switch in a 5-Pin Sur Mt Pack 

2.0 

Switching 

LT1076CK 

Steel TO-3 

45 

Adjustable 

M 

Self-Contained 100kHz PWM and 2A Switch 



LT1076CR 

Plastic DD 

45 

Adjustable 


Self-Contained 100kHz PWM and 2A Switch in a 7-Pin Sur Mt Pack 



LT1076CT 

TO-220 

45 

Adjustable 

1 

Self-Contained 100kHz PWM and 2A Switch 



LT1076HVCK 

Steel TO-3 

64 

Adjustable 





LT1076HVCT 

TO-220 

64 

Adjustable 

1 

Self-Contained 100kHz PWM and 2A Switch in a 5-Pin Package 



LT1076CY-5 

7-Lead TO-220 

45 

5 


100kHz PWM and 2A Switch in 7-Pin Package with Shutdown 



LT1076HVCY-5 

7-Lead TO-220 

64 

5 


and Fixed 5V Output 



LT1076CR-5 

Plastic DD 

45 

5 


Self-Contained 100kHz PWM and 2A Switch in a 7-Pin Sur Mt Pack 



LT1076CY 

7-Lead TO-220 

45 

Adjustable 


Self-Contained 100kHz PWM and 2A Switch in a 7-Pin Package 



LT1 076HVCY 

7-Lead TO-220 

64 

Adjustable 




LT1103CY 

7-Lead TO-220 

30 

Adjustable 

1 

Designed for AC Line Powered Applications, Minimum External 

Components Required for 75W Isolated Power Supply 



LT1302CN8 

8-Pin Plastic DIP 

10 

Adjustable 


Micropower Switching Regulator Works Down to 2V Input and 



LT1302CS8 

8-Pin Plastic SOIC 

10 

Adjustable 


Produces 5V at 600mA 

1.5 

Pos Fixed 

LT1086CT-2.85 

TO-220 

30 

2.85 


Intended for SCSI-2 Active Termination 

0.5 to 1.5 

Pos Fixed 

LT1086CT-3.3 

TO-220 

30 

3.3 


Low Dropout (1.2V), 1% VoutToI 



LT1086CM-3.3 

Plastic DD 

30 

3.3 




LT1086CT-3.6 

TO-220 

30 

3.6 


Low Dropout (1.2V) 1% Vout Tol 



LT1086CM-3.6 

Plastic DD 

30 

3.6 





LT1086CK-5 

Steel TO-3 

30 

5 

M,l 

Low Dropout (1.2V), 1% Vout Tol 



LT1086CT-5 

TO-220 

30 

5 

1 



LT1086CK-12 

Steel TO-3 

30 

12 

M, 1 




LT1086CT-12 

TO-220 

30 

12 

1 



Pos Adj 

LT317AK LM317K 

Steel TO-3 

40 

1.2 to 37 

M 

LT317A Has 1% V REF Tol 


LT317AH LM317H 

TO-39 

40 

1.2 to 37 

M 



LT317AT LM317T 

TO-220 

40 

1.2 to 37 





LT1086CK 

Steel TO-3 

30 

1.2 to 29 

M, 1 

Low Dropout (1.2V),1% Vref Tol Pin-Compatible with 317 Types 



LT1086CT 

TO-220 

30 

1.2 to 29 

1 




LT1086CH 

TO-39 

30 

1.2 to 29 

M 




LT1086CM 

Plastic DD 

30 

1.2 to 29 


Low Dropout (1.2V), 1% Vref Tol 3-Pin Surface Mount Package 


Neg Adj 

LT337AK LM337K 

Steel TO-3 

40 

-1.2 to -37 

M 

LT337A Has 1% V REF Tol 



LT337AH LM337H 

TO-39 

40 

-1.2 to -37 

M 



LT337AT LM337H 

TO-220 

40 

-1.2 to -37 




Pos Adj 

LT317AHVK LM317HVK 

Steel TO-3 

60 

1.2 to 57 

M 

LT317AHV Has 1% Vref Tol 


High Voltage 

LT317AHVH LM317HVH 

TO-39 

60 

1.2 to 57 

M 


Neg Adj 

LT337AHVK LM337HVK 

Steel TO-3 

| 50 

-1.2 to -47 

M 

LT337AHV Has 1% V REF Tol 


High Voltage 

LT337AHVH LM337HVH 

TO-39 

50 

-1.2 to -47 

M 

1.25 

Switching 

LT1072CK 

Steel TO-3 

40 

Adjustable 

M, 1 

Self-Contained 40kHz PWM and 1 .25A Switch in a 5-Pin Package 



LT1072CT 

TO-220 

40 

Adjustable 

1 




LT1072HVCK 

Steel TO-3 

60 

Adjustable 

M, 1 




LT1072HVCT 

TO-220 

60 

Adjustable 

1 




LT1072CJ8 

8-Pin CERDIP 

40 

Adjustable 

M 

Self-Contained 40kHz PWM and 1 .25A Switch 



LT1072CN8 

8-Pin Plastic DIP 

40 

Adjustable 

1 




LT1072CS8 

8-Pin Plastic SOIC 

40 

Adjustable 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 


Commercial Temperature 


CURRENT 

(AMPS) 

POSITIVE 

OR 

NEGATIVE 

OUTPUT 

PART NUMBER 

PACKAGE 

TYPE 

Vin/ 

Vdiff 

MAX 

(V) 

V 0 NOMINAL 
REGULATED 
OUTPUT 
VOLTAGE (V) 

MIL/ 

IND 

TEMP 

FEATURE/COMMENTS 

1.25 

Switching 

LT1172CK 

Steel TO-3 

40 

Adjustable 

M 

Self-Contained 100kHz PWM and 1.25A Switch 



LT1172GT 

T0-220 

40 

Adjustable 





LT1172HVCT 

TO-220 

60 

Adjustable 





LT1172CJ8 

8-Pin CERDIP 

40 

Adjustable 

M 




LT1172CN8 

8-Pin Plastic DIP 

40 

Adjustable 

1 




LT1172CQ 

Plastic DD 

40 

Adjustable 





LT1172CS8 

8-Pin Plastic SOIC 

40 

Adjustable 

1 




LT1 176CN8 

8-Pin Plastic DIP 

38 

Adjustable 


Self-Contained 100kHz PWM and 1.2A Switch in 8-Pin DIP Package 



LT1176CN8-5 

8-Pin Plastic DIP 

38 

5 





LT1176CS 

20-Lead SOIC 

38 

Adjustable 


Self-Contained 100kHz PWM and 1.2A Switch in 20-Lead SOIC 



LT1 176CS-5 

20-Lead SOIC 

38 

5 



1.0 

Dual Pos 

LT1005CK 

Steel TO-3 

20 

Two 5V Outputs 

M 

Logic Controlled Main Output Voltage 


Fixed 

LT1005CT 

TO-220 

20 

Two 5 V Outputs 




Switching 

LT1073CN8 

8-Pin Plastic DIP 

15 

Adjustable 


Micropower Switching Regulator Works Down to IV Input. Requires 



LT1073CS8 

8-Pin Plastic SOIC 

15 

Adjustable 


Only 3 External Components (-5, -12 Versions) 



LT1073CN8-5 

8-Pin Plastic DIP 

15 

5 





LT1073CS8-5 

8-Pin Plastic SOIC 

15 

5 





LT1073CN8-12 

8-Pin Plastic DIP 

15 

12 





LT1073CS8-12 

8-Pin Plastic SOIC 

15 

12 





LT1082CN8 

8-Pin Plastic DIP 

75 

Adjustable 

1 

60kHz PWM and 1 A, 100V Switch 



LT1082CT 

TO-220 

75 

* 

1 

60kHz PWM and 1A, 100V Switch 



LT1107CN8 

8-Pin Plastic DIP 

36 

Adjustable 

M 

Micropower Switching Regulator Works Down to 2V Input. Requires 



LT1107CS8 

8-Pin Plastic SOIC 

36 

Adjustable 


Only 3 External Components (-5, -12 Versions). Optimized 



LT1107CN8-5 

8-Pin Plastic DIP 

36 

5 

M 

for Vin > 2V, Allows Use of Surface Mount Inductors. 



LT1107CS8-5 

8-Pin Plastic SOIC 

36 

5 





LT1107CN8-12 

8- Pin Plastic DIP 

36 

12 

M 




LT1107CS8-12 

8-Pin Plastic SOIC 

36 

12 





LT1108CN 

8-Pin Plastic DIP 

36 

Adjustable 


Micropower Switching Regulator Works Down to 2V Input. Requires 



LT1108CS 

8-Pin Plastic SOIC 

36 

Adjustable 


Only 3 External Components (-5, -12 Versions) Optimized 



LT1108CN-5 

8-Pin Plastic DIP 

36 

5 


for Vin > 2V 



LT1108CS-5 

8-Pin Plastic SOIC 

36 

5 





LT1108CN-12 

8-Pin Plastic DIP 

36 

12 





LT1108CS-12 

8-Pin Plastic SOIC 

36 

12 





LT1109CZ-5 

3-Pin TO-92 

36 

5 


Micropower Switching Regulator Works Down to 2 V Input. Requires 



LT1109CZ-12 

3-Pin TO-92 

36 

12 


Only 3 External Components (-5, -12 Versions). Optimized for 



LT1109CN8-5 

8-Pin Plastic DIP 

36 

5 


Vin > 2 V. Available in 3-Pin TO-92 Package. N8/S8 Versions Also 



LT1 1 09CS8-1 2 

8-Pin Plastic SOIC 

36 

5 


Offer Shutdown Feature. 12V Version Ideal for Flash Memory Vpp 



LT1109CN8-5 

8-Pin Plastic DIP 

36 

12 


Pulse Generation from 5 V or 3V 



LT1109CS8-12 

8-Pin Plastic SOIC 

36 

12 





LT1109ACN 

8-Pin Plastic DIP 

36 

Adjustable 


Micropower Switching Regulator Works Down to 2 V Input. Requires 



LT1109ACS 

8-Pin Plastic SOIC 

36 

Adjustable 


Only 3 External Components (-5, -12 Versions). Optimized for 



LT1109ACN-5 

8-Pin Plastic DIP 

36 

5 


Vin > 2 V. 12V Version Ideal for Flash Memory Vpp Pulse Generation 



LT1109ACS-5 

8- Pin Plastic SOIC 

36 

5 

1 

from 5 V or 2 V. Includes Shutdown Feature. 



LT1109ACN-12 

8-Pin Plastic DIP 

36 

12 





LT1109ACS-12 

8-Pin Plastic SOIC 

36 

12 





LT1110CN8 

8-Pin Plastic DIP 

15 

Adjustable 


Micropower Switching Regulator Works Down to IV Input. Requires 



LT1110CS8 

8-Pin Plastic SOIC 

15 

Adjustable 


Only 3 External Components (-5, -12 Versions). 60kHz Oscillator 



LT1110CN8-5 

8-Pin Plastic DIP 

15 

5 


Allows Use of Surface Mount Inductors 



LT1110CS8-5 

8-Pin Plastic SOIC 

15 

5 





LT1110CN8-12 

8-Pin Plastic DIP 

15 

12 





LT1 1 10CS8-1 2 

8-Pin Plastic SOIC 

15 

12 





LT1111CN8 

8-Pin Plastic DIP 

36 

Adjustable 

M 

Micropower Switching Regulator Works Down to 2 V Input. Requires 



LT1111CS8 

8-Pin Plastic SOIC 

36 

Adjustable 

1 

Only 3 External Components (-5, -12 Versions). Optimized 



LT1111CN8-5 

8-Pin Plastic DIP 

36 

5 

M 

for Vin > 2 V. 70kHz Oscillator Allows Use of Surface Mount 



LT1111CS8-5 

8-Pin Plastic SOIC 

36 

5 


Inductors 



LT1111CN8-12 

8-Pin Plastic DIP 

36 

12 

M 




LT1 1 1 1 CS8-1 2 

8-Pin Plastic SOIC 

36 

12 





LT1173CN8 

8-Pin Plastic DIP 

36 

Adjustable 


Micropower Switching Regulator Works Down to 2 V Input. Requires 



LT1173CS8 

8-Pin Plastic SOIC 

36 

Adjustable 


Only 3 External Components (-5, -12 Versions). Optimized 



LT1173CN8-5 

8-Pin Plastic DIP 

36 

5 


for V| N > 2V 



LT1 1 73CS8-5 

8-Pin Plastic SOIC 

36 

5 





LT1173CN8-12 

8-Pin Plastic DIP 

36 

12 





LT1173CS8-12 

8-Pin Plastic SOIC 

36 

12 





LT1300CN8 

8-Pin Plastic DIP 

7 

3.3/5 


Micropower Switching Regulator Works Down to 1.8V Input. Includes 



LT1300CS8 

8-Pin Plastic SOIC 

7 

3.3/5 


Selectable 3.3V or 5 V Output and Shutdown 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 


Commercial Temperature 


CURRENT 

(AMPS) 

POSITIVE 

OR 

NEGATIVE 

OUTPUT 

PART NUMBER 

PACKAGE 

TYPE 

Vin/ 

Vdiff 

MAX 

(V) 

V 0 NOMINAL 
REGULATED 
OUTPUT 
VOLTAGE (V) 

MIL/ 

IND 

TEMP 

FEATURE/COMMENTS 

1.0 

Switching 

LT1301CN8 

8-Pin Plastic DIP 

10 

5/12 

1 

Micropower Switching Regulator Works Down to 1 ,8V Input. 



LT1301CS8 

8-Pin Plastic SOIC 

10 

5/12 

1 

Optimized for Flash Memory VPP Generation from 5V or 2V 



LT1303CN8 

8-Pin Plastic DIP 

7 

Adjustable 


Micropower Switching Regulator Works Down ot 1.8V Input. 



LT1303CS8 

8-Pin Plastic SOIC 

7 

Adjustable 


Includes Low-Battery Detector 

800mA 

Pos Fixed 

LT1117CST 

3-Pin SOT-223 

15 

Adjustable 


Adjustable Low Dropout Regulator, SOT-223 Package 



LT1 1 1 7CST-2 .85 

3-Pin SOT-223 

12 

2.85 


Active SCSI-2 Terminator, SOT-223 Package 



LT 111 7CST-3.3 

3-Pin SOT-223 

10 

3.3 


3.3 Low Dropout Regulator, SOT-223 Package 



LT1117CST-5 

3-Pin SOT-223 

10 

5 


5V Low Dropout Regulator, SOT-223 Package 

700mA 

Pos 

LT1129CS8 

8-Lead SOIC 

30 

Adjustable 


Micropower Regulator With Shutdown, Dropout Voltage = 0.4V, 



LT1129CS8-3.3 

8-Lead SOIC 

30 

3.3 

1 

Reverse Battery Protection in Low Thermal Resistance SO-8 Package 



LT1129CS8-5 

8-Lead SOIC 

30 

5 

1 




LT1129CT 

5-Pin TO-220 

30 

Adjustable 

1 

Micropower Regulator With Shutdown, Dropout Voltage = 0.4V, 



LT1129CQ 

Plastic DD 

30 

Adjustable 

1 

Reverse Battery Protection 



LT1129CT-3.3 

5-Pin TO-220 

30 

3.3 

1 




LT1129CST-3.3 

3-Pin SOT-223 

30 

3.3 

1 




LT1129CQ-3.3 

5-Pin DD 

30 

3.3 

1 




LT1129CT-5 

5-Pin TO-220 

30 

5 

1 




LT1 1 29CST-5 

3-Pin SOT-223 

30 

5 

1 




LT1129CQ-5 

5-Pin DD 

30 

5 

1 


400mA 

Switching 

LTC1174CN8 

8-Lead DIP 

13.5 

Adjustable 

1 

Micropower Step-Down Switching Regulator With 90% Efficiency. 



LTC1174CN8-3.3 

8-Lead DIP 

13.5 

3.3 


Selectable 200mA or 400mA Current Limit. Intended for 6V-9V 



LTC1174CN8-5 

8-Lead DIP 

13.5 

5 


Battery Applications 



LTC1174CS8 

8-Lead SOIC 

13.5 

Adjustable 

1 




LTC1174CS8-3.3 

8-Lead SOIC 

13.5 

3.3 





LTC1174CS8-5 

8-Lead SOIC 

13.5 

5 



150mA 

Pos 

LT1121ACS8 

8-Lead SOIC 

30 

Adjustable 

1 

Micropower Regulator With Shutdown, Dropout Voltage = 0.4V, 



LT1 1 21 ACS8-3.3 

8-Lead SOIC 

30 

3.3 

1 

Reverse Battery Protection in Low Thermal Resistance SO-8 Package 



LT1 121 ACS8-5 

8-Lead SOIC 

30 

5 

1 




LT1121CN8 

8-Pin Plastic DIP 

30 

Adjustable 

1 

Micropower Regulator With Shutdown, Dropout Voltage = 0.4V, 



LT1121CS8 

8-Pin Plastic SOIC 

30 

Adjustable 

1 

Reverse Battery Protection 



LT1 1 21 CN8-3.3 

8-Pin Plastic DIP 

30 

3.3 

1 




LT1 1 21 CS8-3.3 

8-Pin Plastic SOIC 

30 

3.3 

1 




LT1 1 21 CST-3.3 

3-Pin SOT-223 

30 

3.3 

1 




LT1121CN8-5 

8-Pin Plastic DIP 

30 

5 

1 




LT1121CS8-5 

8-Pin Plastic SOIC 

30 

5 

1 




LT1121CST-5 

3-Pin SOT-223 

30 

5 

1 


125mA 

Pos Adj 

LT1020CJ 

14-Pin CERDIP 

36 

4 to 30 

M, 1 

Dropout Voltage = 0.4V, 40jiA l Q , Reference and Comparator 



LT1020CN 

14-Pin Plastic 

36 

4 to 30 

1 




LT1020CS 

16-Pin Plastic SOL 

36 

4 to 30 

1 




LT1120CJ8 

8-Pin CERDIP 

36 

4 to 30 

M 

Dropout Voltage = 0.4V, 40pA Iq, Reference, Comparator, Shutdown, 



LT1120CN8 

8-Pin Plastic DIP 

36 

4 to 30 

1 

8-Pin Package 



LT1120CH 

8-Pin TO-5 

36 

4 to 30 



100mA 

Pos Adj 

LT1431CJ8 

8-Pin CERDIP 

36 

2.5 to 36 

M 

0.4% Initial Tolerance, 1% Over Temperature 



LT1431CN8 

8-Pin Plastic DIP 

36 

2.5 to 36 

1 




LT1431CS8 

8-Pin Plastic SOIC 

36 

2.5 to 36 

1 




LT1431CZ 

TO-92 

36 

2.5 to 36 

1 


20mA to 

Switched 

LT1026CJ8 

8-Pin CERDIP 

10 

* 

M 

Dual Voltage Converter, 10mA Output, 5V|m, ±10Vout 

100mA 

Capacitor 

LT1026CN8 

8-Pin Plastic DIP 

10 

* 





LT1026CH 

8-Pin T0-5 Can 

10 

* 

M 




LTC1044CJ8 

8-Pin CERDIP 

9.5 

* 

M 

Voltage Converter, 20mA Output 



LTC1044CN8 

8-Pin Plastic DIP 

9.5 

* 





LTC1044CH 

8-Pin TO-5 Can 

9.5 

* 

M 




LTC1044CS8 

8-Pin Plastic SOIC 

9.5 

* 





LTC1044ACN8 

8-Pin Plastic DIP 

13 

* 

1 




LTC1 044ACS8 

8-Pin Plastic SOIC 

13 

* 

1 




LTC1 046CN8 

8-Pin Plastic DIP 

6 

* 

1 

50mA Output Current, 165|xA Supply Current, 35Q Max Output 



LTC1046CS8 

8-Pin Plastic SOIC 

6 

* 

1 

Impedance 



LT1054CJ8 

8-Pin CERDIP 

16 

t 

M 

Voltage Converter and Regulator, 100mA Output, 



LT1054CN8 

8-Pin Plastic DIP 

16 

+ 

1 

25kHz Switching Rate 



LT1054CH 

8-Pin TO-5 Can 

16 

t 

M 




LT1054CS 

16-Pin Plastic SOL 

16 

+ 

1 




LTC1144CN8 

8-Pin Plastic DIP 

20 

* 

1 

Voltage Converter, 20mA Output, Up to 18V Operation 



LTC1144CS8 

8-Pin Plastic SOIC 

20 

* 

1 



* These devices are non-regulating converters. 

+ The available output voltage range is dependent upon the mode of operation selected. 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 


Power Factor Correction Controllers 


PART NUMBER 

DESCRIPTION 

PACKAGE OPTIONS 

FEATURES 

LT1248 

Average Current-Mode Power Factor Corrector 

N16.S16 

Low Line Current Distortion, >0.99 Power Factor, Synchronization, 
Overvoltage Protection 

LT1249 

Average Current-Mode Power Factor Corrector 

N8, S8 

Low Parts Count, Full Feature Power Factor Correction 


Regulating Pulse- Width Modulators 


PART NUMBER 

DESCRIPTION 

PACKAGE OPTIONS 

FEATURES 

LT1105 

Off-Line Regulating Pulse Width Modulator 

N8, N14 

Designed for AC Line Powered Applications 

LT1241 Series 

500kHz Regulating Pulse Width Modulators 

J8, N8, S8 

Improved Replacements for UC1842, 1843, 1844, 1845 

LT1246 

1MHz Regulating Pulse Width Modulator 

J8, N8, S8 

1MHz Current Mode PWM, 1.5% V REF 

LT1 524/LT3524 

Regulating Pulse Width Modulator 

J, N, S 

Improved SGI 524, 2% Vref, Guaranteed Oscillator Accuracy 

LT1 525A/LT3525A 
LT1527A/LT3527A 

Regulating Pulse Width Modulator 

J, N 

Improved SG1525A/1527A Switching Regulator with Undervoltage 
Lockout, Guaranteed Long Term Stability 

LT1526/LT3526 

Regulating Pulse Width Modulator 

J, N 

Switching Regulator Control with Soft Start, Current Limit, Metering 
Logic, Undervoltage Lockout, Guaranteed Long Term Stability 

SG1524/SG3524 

Regulating Pulse Width Modulator 

J, N 

Industry Standard Switching Power Supply Control Circuit 

SGI 525A/SG3525A 

Regulating Pulse Width Modulator 

J, N 

More Features Than 1524 Series, 100mA Source/Sink Outputs 

SG1527A/SG3527A 

Regulating Pulse Width Modulator 

J, N 

Same as SGI 525A with Inverted Output Logic 

LT1 846/3846 

LT1 847/3847 

Current Mode Regulating Pulse Width Modulator 

J, N 

! 

Current Mode PWM with UV Lockout, Soft Start, 1% Vref, 500kHz 
Operation, 200mA Totem Pole Outputs 


Ultra-High Efficiency Switching Regulator Controllers 


PART NUMBER 

DESCRIPTION 

PACKAGE OPTIONS 

FEATURES 

LTC1142 

Dual Step-Down Switching Regulator Controller 

SSOP 

Dual Synchronous Switching Regulator Controllers with both 3.3V 
and 5 V Outputs 

LTC1142HV 

Dual Step-Down Switching Regulator Controller 

SSOP 

20V Max Input Voltage Dual 3.3V and 5V Output Synchronous 
Switching Regulator 

LTC1143 

Dual Step-Down Switching Regulator Controller 

SI 6 

Dual Switching Regulator Controller with Low Parts Count and 
both 3.3V and 5 V Outputs 

LTC1147 

Step-Down Switching Regulator Controller 

N8, S8 

Low Parts Count, 90% Efficiency Using a Single External 

P-Channel MOSFET 

LTC1148 

Step-Down Switching Regulator Controller 

N, S 

Synchronized Switching Regulator Controller Using Two External 
MOSFETs for 95% Efficiency. Up to 16V Inputs. 

LTC1148HV 

Step-Down Switching Regulator Controller 

N,S 

Synchronized Switching Regulator Controller Using Two External 
MOSFETs for 95% Efficiency. Up to 20V Inputs. 

LTC1149 

Step-Down Switching Regulator Controller 

N,S 

Synchronized Switching Regulator Controller Using Two External 
MOSFETs for 95% Efficiency. Up to 48V Inputs. 

LTC1159 

Step-Down Switching Regulator Controller 

N,S 

Synchronized Switching Regulator Controller Using Two External 
MOSFETs for 95% Efficiency. Up to 40V Inputs. 

LT1432 

Step-Down Switching Regulator Controller 

N8, S8 

Provides High Efficiency 5 V Output Using LT1170 Series Regulator 
and Minimum External Parts 

LT1 432-3.3 

Step-Down Switching Regulator Controller 

N8, S8 

Provides High Efficiency 5V Output Using LT1170 Series Regulator 
and Minimum External Parts 


LT1 103/1 105 Off-Line Switching Regulators 


APPLICATION 

LT1105 

LT1103 

(Internal Sense 
Resistor) 

Universal Off-Line 

10W to OverlOOW 

10W to 50W 

Battery Charger, Isolated Off-Line 

OK 

OK 

Telecom, -48V Input Isolated 

OK 

OK 

Low Voltage Isolated DC/DC (<24V) 

Requires External 
MOSFET 

Needs No 
MOSFET 

High Voltage Isolated DC/DC 

OK 

OK 


Regulator Drivers 


BASE 

DRIVE 

CURRENT 

PART 

NUMBER 

PACKAGE 

TYPE 

V|N 

MAX 

(V) 

V 0 NOMINAL 
REGULATED 
OUTPUT 
VOLTAGE 

FEATURES/ 

COMMENTS 

150mA 

LT1123CZ 

TO-92 

30 

5.0 

Requires External 
PNP, 1% Output 
Tolerance, 600|aA 
Quiescent Current 
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BATTERY-POWERED DC/DC CONVERSION SOLUTIONS 


The following tables form a shortform component selection guide for a collection of commonly used battery- 
powered DC/DC conversion applications. No design is required since inductor, capacitor and resistor values are 
completely specified. Choose the appropriate LTC DC/DC converter for your application from the following tables. 


The LT1 073, LT1 1 07, LT1 1 08, LT1 1 1 0, LT1 1 1 1 , LT1 1 73, LTC1 1 74, and LT1 303 all have low-battery detection 
capability. 


Step-Up From One Cell (IV) 


1— 

o> 
> ^ 

■out 

(mA) 

DEVICE 

Iq 

(pA) 

L 

(pH) 

c 

CmF) 

R 

(£2) 

FIG 

COMMENTS 

5 

40 

LT1 073-5 

95 

82 

100 

0 

1 

Lowest Iq 


40 

LT1110-5 

350 

27 

33 

0 

1 

Best For Surface Mount 

12 

15 

LT1073-12 

95 

82 

100 

0 

1 

Lowest Iq 


15 

LT111 0-1 2 

350 

27 

33 

0 

1 

Best For Surface Mount 


Adjustable versions also available for Vout up to 50V 


Step-Up From Two Cells (2 V) 


Vout 

(V) 

■out 

(mA) 

DEVICE 

Iq 

(mA) 

in 

(pH) 

c 

(pF) 

R 

(O) 

FIG 

COMMENTS 

3.3 

400 

LT1300** 

120 

10 

100 

- 

2 

Selectable 3.3V/5V Out 

5 

90 

LT1 173-5 

110 

47 

100 

47 

1 

Lowest Iq 



LT1111-5 

300 

18 

33 

47 

1 

Surface Mount 


150 

LT1 107-5 

300 

33 

33 

47 

1 

Surface Mount 



LT1 108-5 

110 

100 

100 

47 

1 

Lowest Iq 


220 

LT1 300** 

120 

10 

100 

- 

2 

Selectable 3.3V/5V Out 



LT1 301 * * 

120 

10 

100 

- 

2 

Selectable 5V/12V Out 


600 

LT 1 302 

200 

10 

100 


* 

Highest Power Output 

12 

20 

LT1173-12 

110 

47 

47 

47 

1 

Lowest Iq 



LT 1111-12 

300 

18 

22 

47 

1 

Surface Mount 


40 

LT 1 1 07-1 2 

300 

27 

33 

47 

1 

Surface Mount 



LT1108-12 

110 

82 

100 

47 

1 

Lowest Iq 


50 

LT1301 ** 

120 

10 

100 

- 

2 

Selectable 5V/12V Out 


120 

LT1302 

200 

3.3 

66 

- 

* 

Highest Power Output 


*See LT1302 data sheet **For low-battery detection use LT1303 


Step-Up From 5VTo 12V 


Vout 

(V) 

■out 

(mA) 

DEVICE 

Iq 

(pA) 

L 

(pH) 

c 

(pF) 

R 

<n> 

FIG 

COMMENTS 

12 

90 

LT1173-12 

110 

120 

100 

0 

1 

Lowest Iq 



LT1111-12 

300 

47 

33 

0 

1 

Surface Mount 


175 

LT1107-12 

300 

60 

32 

0 

1 

Surface Mount 



LT1108-12 

110 

180 

100 

0 

1 

Lowest Iq 


200 

LT1301 ** 

120 

33 

47- 

- 

2 

True Shutdown 


**For low-battery detection use LT1303 


Flash Memory VPP (12V) Generation 


VlN 

(V) 

Vout 

(V) 

■OUT 

(mA) 

DEVICE 

Iq 

(pA) 

L 

(pH) 

c 

(pF) 

FIG 

COMMENTS 

5 

12 

60 

LT1109-12 

320 

33 

22 

3 

Small, SMT 



120 

LT 1 1 09A-1 2 

320 

27 

47 

3 

Small, SMT 



200 

LT1301** 

120 

27 

47 

2 

True Shutdown 

2 Cells 

12 

60 

LT1109A-12 

320 

10 

22 

1 

All Surface Mount 



80 

LT1 301 * * 

120 

10 

47 

2 

True Shutdown 


**For low-battery detection use LT1303 


Basic Step-Up Converters 



*SEE TABLES FOR RECOMMENDED PART, 
INDUCTOR, CAPACITOR, AND RESISTOR VALUES 


Figure 2 

* — — — ■ — ^ 


Flash Memory VPP Generator 



_ v 0UT 

12V 


*SEE TABLE FOR RECOMMENDED INDUCTOR 
AND CAPACITOR VALUES 

Figure 3 
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BATTERY-POWERED DC/DC CONVERSION SOLUTIONS 


Step-Down Conversion to 3.3 V 


VlN 

(V) 

If 

DEVICE 

■a 

(mA) 

L 

(M«) 

c 

W 

IPGM 

Fig 

COMMENTS 

4.5 to 

200 

LTC1 174-3.3 

450 

50 

2x33 

ToGND 

5 

Low Dropout, 

12.5 

425 

LTC1 174-3.3 

450 

50 

CO 

CO 

X 

CM 

ToV, n 

5 

Surface Mount 

5 to 

16 

2A 

LTC1 148-3.3 

160 


- 

- 

- 

See Ultra-High 

Efficiency Regs - Pg 4 

12 to 
60 

2A 

LTC1 149-3.3 

600 




- 

See Ultra-High 

Efficiency Regs - Pg 4 


Step-Down Conversion to 5V 


VlN 

(Max) 

•out 

(mA) 

DEVICE 

•o 

(mA) 

L 

(HH) 

c 

(UF) 

R/ 

IPGM 

Fig 

COMMENTS 

5.5 to 

200 

LTC1 174-5 

450 

100 

2x33 

ToGND 

5 

Low Dropout, 

12 

400 

LTC1 174-5 

450 

100 

2x33 

To V| N 

5 

Surface Mount 

12 to 

300 

LT1 107-5 

300 

60 

100 

100 

4 

Surface Mount 

20 

300 

LT1 108-5 

110 

180 

330 

100 

4 

Lowest Iq 

20 to 

300 

LT1 173-5 

110 

470 

470 

100 

4 

Lowest Iq 

30 

300 

LT 1111-5 

300 

180 

220 

100 

4 

Surface Mount 

6 to 

16 

2A+ 

LTC1 147/8-5 

160 

_ 

- 

- 

- 

See Ultra-High 

Efficiency Regs - Pg 4 

12 to 
60 

2A+ 

LTC1 149-5 

600 

- 


- 


See Ultra-High 

Efficiency Regs - Pg 4 


Step-Down Converters 



*SEE TABLES FOR RECOMMENDED PART, 
INDUCTOR, CAPACITOR, AND RESISTOR VALUES 

Figure 4 



Figure 5 


Adjustable output voltages up to 6.2V can be obtained with the adjustable versions of 


LT1 1 73, LT1111, LT1 1 07, LT1 1 08, or LT1 1 1 0. 


Positive-to-Negative Voltage Conversion 


VlN 

(V) 

VoUT 

(V) 

II 

DEVICE 

•o 

(mA) 

L 

(l*h) 

c 

(mF) 

R 

(O) 

Fig 

COMMENTS 

5 

-5 

75 

LT1 108-5 

110 

100 

100 

100 

6 

Lowest Iq 




LT1 107-5 

300 

33 

33 

100 

6 

Surface Mount 



150 

LTC1174-5 

450 

50 

2x33 

- 

7 

Surface Mount 

12 

-5 

250 

LT1173-5 

110 

470 

220 

100 

6 

Lowest Iq 



250 

LT 1111-5 

300 

180 

82 

100 

6 

Surface Mount 


Positive-to-Negative Converters 



*SEE TABLES FOR RECOMMENDED PART, 
INDUCTOR, CAPACITOR, AND RESISTOR VALUES 

Figure 6 
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POWER AND MOTOR CONTROL CIRCUITS 


High-Side Switch Drivers 


LTC1 153 -Electronic Circuit Breaker w/ Programmable Trip, Reset, Current Level 

LTC1154 - Single N-Ch FET Switch Driver w/ Short-Circuit Protection 

LTC1155 - Dual N-Ch FET Switch Drivers w/ Short-Circuit Protection 

LTC1 156- Quad N-Ch FET Switch Drivers w/ Short-Circuit Protection 

LTC1 1 57 - Dual N-Ch FET Switch Drivers for 3.3V Operation (Also for Low Cost 5 V Applications) 

LT 1161— Quad High Voltage N-Channel FET Switch Drivers with Reset and Short-Circuit Portection 
LTC1 163 - Triple N-Ch FET Switch Drivers for 1.8V Operation (and up to 5 V Applications) 

LTC1 165 -Triple N-Ch FET Switch Drivers for 1.8V Operation (and up to 5 V Applications) 

LTC1255 - Dual N-Ch FET Switch Drivers w/ Short Circuit Protection, 24V Operation 

Integrated High-Side Switches 


LT 1 1 88 - 1.5A HSS, Output Protected Against Inductive Kickback 
Controlled Slew Rate/Low RF Noise 
STATUS Line for Diagnostics 
Protected Against Overtemp, Load Faults 

LT1 089 - 7.5A HSS Low Loss, Only 1 .5V at 7.5A 
Protected Against Overtemp, Overcurrent 
Low Quiescent Current 


Half Bridge N-Ch MOSFET Drivers 


LT1 158 - 5V to 30V Operation, Drives DC Motors and Switching Power 
Supply N-Ch MOSFET Switch Gates, On-Chip Charge Pump, 
Adaptive Anti-Shoot-Through, Fully Protected, 150ns Transition 
Times Driving 3000pF 


PRODUCT 

PACKAGES 

FUNCTION 

MIN 

VsUPPLY 

MAX 

Vin 

COMMENTS 

LT1089 

TO-220, T0-3 

7.5A High -Side Switch 

4V 

20V 

Low loss, Low Iq 

LTC1153 

8-Pin DIP, SO 

Electronic Circuit Breaker 

4.5V 

22V 

Has Adjustable Reset Time 

LTC1154 

8-Pin DIP, SO 

Single High-Side Driver 

4.5V 

22V 

Single Version of LTC1155 

LTC1155 

8-Pin DIP, SO 

Dual High-Side Driver 

4.5V 

22V 

Good for Power Management 

LTC1156 

16-Pin DIP, SO 

Quad High-Side Driver 

4.5V 

22V 

Good for Multiple Supply Switching 

LTC1157 

8-Pin DIP, SO 

Dual 3.3V High-Side Driver 

2.7V 

7 V 

Good for 3.3 V Power Management 

LT1158 

16-Pin DIP, SO 

Half-Bridge Driver 

4.5V 

36V 

Synchronous Switching Regulators Too 

LT1161 

20-Pin DIP, SO 

Quad High-Side Driver 

8V 

60V 

Good for Industrial (48V) Applications 

LTC1163 

8-Pin DIP, SO 

Triple High-Side Driver 

1.8V 

6V 

Good for Two-Cell Power Management 

LTC1165 

8-Pin DIP, SO 

Triple High-Side Driver 

1.8V 

6v 

Inverted Logic Version of LTC1163 

LT1188 

TO-220, T0-3 

1.5A High-Side Switch 

5V 

30V 

Good for Automotive 

LTC1255 

8-Pin DIP, SO 

Dual High-Side Driver 

9V 

30V 

Good for Industrial (24V) Applications 
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NOTES 




TECHNOLOGY 


INDEX 


SECTION 4— POWER PRODUCTS 

INDUCTORLESS DC TO DC CONVERTERS 

LTC1044A, 12V CMOS Voltage Converter 4-16 

LT1054, Switched-Capacitor Voltage Converter with Regulator 4-26 

LTC1144, Switched-Capacitor Wide Input Range Voltage Converter with Shutdown 4-38 
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LTC1044A 
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TECHNOLOGY 


FCATURCS 

■ 1.5V to 12V Operating Supply Voltage Range 

■ 13V Absolute Maximum Rating 

■ 200jaA Maximum No Load Supply Current at 5 V 

■ Boost Pin (Pin 1) for Higher Switching Frequency 

■ 97% Minimum Open Circuit Voltage Conversion 
Efficiency 

■ 95% Minimum Power Conversion Efficiency 

■ Is = 1 .5pA with 5 V Supply When OSC Pin = OV or V + 

■ High Voltage Upgrade to ICL7660/LTC1 044 


appucatiors 

■ Conversion of 10V to +10V Supplies 

■ Conversion of 5 V to ±5 V Supplies 

■ Precise Voltage Division: Vout = Vin/ 2 ±20ppm 

■ Voltage Multiplication: Vout = ± n ViN 

■ Supply Splitter: Vqut - ±Vg/2 

■ Automotive Applications 

■ Battery Systems with 9 V Wall Adapters/Chargers 


12V CMOS 
Voltage Converter 

DCSCRIPTIOfl 

The LTC1044A is a monolithic CMOS switched-capacitor 
voltage converter. It plugs in for ICL7660/LTC1044 in 
applications where higher input voltage (up to 12V) is 
needed. The LTC1 044A provides several conversion func- 
tions without using inductors. The input voltage can be 
inverted (Vqut = — Vim), doubled (Vqut = 2V| N ), divided 
(Vout = Vin/2) or multiplied (Vqut = ±nVn\|). 

To optimize performance in specific applications, a boost 
function is available to raise the internal oscillator fre- 
quency by a factor of 7. Smaller external capacitors can be 
used in higher frequency operation to save board space. 
The internal oscillator can also be disabled to save power. 
The supply current drops to 1 ,5pA at 5V input when the 
OSC pin is tied to GND orV + . 


TVPICRL APPUCATIOA 


Generating -10V from 10V 

LTC1044A 



LTC1044A-TA01 


nopiF 


Output Voltage vs Load Current, V + = 10V 



LOAD CURRENT (mA) 

LTC1044A-TA02 
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LTC1044A 


absolute mnximum aatiags 

(Note 1) 

Supply Voltage 13V 

Input Voltage on Pins 1 , 6 and 7 

(Note 2) -0.3V <V| N <V + + 0.3V 

Current into Pin 6 20pA 

Output Short-Circuit Duration 

V + < 6.5V Continuous 

Operating Temperature Range 

LTC1044AC 0 C to 70 C 

LTC1044AI -40 C to 85 C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER inFORflMTIOfl 



TOP VIEW 


BOOST [T 


I] v + 

CAP + |Y 


7] OSC 

GND QT 


Y] LV 

CAP" [T 


1] Vout 


N8 PACKAGE 


8-LEAD PLASTIC DIP 

Tjmax 

= 110 o C,ej A =100 o C/W 


ORDER PART 
NUMBER 


LTC1044ACN8 

LTC1044AIN8 


TOP VIEW 


BOOST [T I 
CAP + [Y | 
GND |T 
CAP- [T ! 


T] v + 
T] osc 

3 LV 

]D v out 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 
Tjmax = H0°C, 0ja = 130°C/W 


ORDER PART 
NUMBER 


LTC1044ACS8 
LTC1 044AIS8 


S8 PART MARKING 


1044A 

1044AI 


Consult factory for Military grade parts 



ELECTRICAL CHARACTERISTICS V + = 5V, Cqsc = OpF, Ta = 25°C, See Test Circuit, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1044AC 

MIN TYP MAX 

LTC1044AI 

MIN TYP MAX 

UNITS 

Is 

Supply Current 

Rl = °°, Pins 1 and 7, No Connection 


60 200 

60 200 

|uA 



Rl = °°, Pins 1 and 7, No Connection, 


15 

15 

pA 



V + = 3V 






Minimum Supply Voltage 

R L = 10k 

• 

1.5 

1.5 

V 


Maximum Supply Voltage 

R L = 1 0k 

• 

12 

12 

V 

Rout 

Output Resistance 

l L = 20mA, f 0S c = 5kHz 


100 

100 

Q 




• 

120 

130 

Q 



V + = 2V, l L = 3mA, f 0 sc = 1kHz 

• 

310 

325 

Q 

f osc 

Oscillator Frequency 

V + = 5V, (Note 3) 

• 

5 

5 

kHz 



V + = 2V 

• 

1 

1 

kHz 

Peff 

Power Efficiency 

Rl = 5k, fosc = 5kHz 


95 98 

95 98 

% 


Voltage Conversion Efficiency 

r l =°° 


97 99.9 

97 99.9 

% 


Oscillator Sink or Source 

V OS c = 0VorV + 






Current 

Pin 1 (BOOST) = 0V 

• 

3 

3 

MA 



Pin 1 (BOOST) =V + 

• 

20 

20 

pA 


The • denotes specifications which apply over the full operating 
temperature range; all other limits and typicals Ta = 25°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: Connecting any input terminal to voltages greater than V + or less 
than ground may cause destructive latch-up. It is recommended that no 


inputs from sources operating from external supplies be applied prior to 
power-up of the LTC1044A. 

Note 3: fosc is tested with Cose = 100pF to minimize the effects of test 
fixture capacitance loading. The OpF frequency is correlated to this lOOpF 
test point, and is intended to simulate the capacitance at pin 7 when the 
device is plugged into a test socket and no external capacitor is used. 
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TYPICAL P€RFORmnnC€ CHRRRCT€RISTICS Using the Test Circuit 


Operating Voltage Range 
vs Temperature 


li 


Power Efficiency vs 
Oscillator Frequency, V + = 5V 




-55 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 



Ik 10k 

OSCILLATOR FREQUENCY (Hz) 


Power Efficiency vs 
Oscillator Frequency, V + = 10V 


I 


l 

^mA 

% 



IIISSII 
HIM I 

■nm 
nwx i 
mm i 
i;iui i 


Ik 10k 

OSCILLATOR FREQUENCY (Hz) 


Output Resistance vs 
Oscillator Frequency, V + = 5V 


■II 



Output Resistance vs 
Oscillator Frequency, V + = 10V 


Ik 10k 

OSCILLATOR FREQUENCY (Hz) 


Power Conversion Efficiency 
vs Load Current, V + = 2 V 


E 




f 

P E F> 










/ s 



k/ 




/ 



~7 




/ 



~~7 




/ 





Ik 10k 

OSCILLATOR FREQUENCY (Hz) 

LTC1044A • 1 


T a = 25°C 
Cl = C2 = 10|iF ' 
- f 0S c = 1kHz . 


2 3 4 5 

LOAD CURRENT (mA) 


Power Conversion Efficiency 
vs Load Current, V + = 5V 













77 




/\ 







/ 



~7 




/ 



“Z 




ZJ 





T a = 25°C 
Cl =C2 = 10nF 
f 0S c = 5kHz - 


0 10 20 30 40 50 60 70 

LOAD CURRENT (mA) 

LTC1044A*TPC07 


Power Conversion Efficiency 
vs Load Current, V + = 10V 






( 

"pe? 



j 















z: 



~7 




r 


> 

L 



m 





—ye T a = 25°C " 50 

J_ Cl = C2 = 1 0|LtF OH 

^ f 0 SC = 20kHz 

_J i i o 

20 40 60 80 100 120 140 

LOAD CURRENT (mA) 
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LTC1044A 


TVPicm p€RFORmnnc€ charactcristics using rest circuit 


Output Resistance 



SUPPLY VOLTAGE (V) 

LTC1044A • TPC09 


Output Voltage 
vs Load Current, V + = 2V 


Output Voltage 
vs Load Current, V + = 5V 



LOAD CURRENT (mA) 



LTC1044A*TPC10 


LTC1044A-TPC11 


Output Voltage 

vs Load Current, V + = 10V 



0 10 20 30 40 50 60 70 80 90 100 
LOAD CURRENT (mA) 

LTC1044A-TPC12 


Output Resistance 
vs Temperature 


Oscillator Frequency as a 
Function of Cose, V + = 5V 



AMBIENT TEMPERATURE (°C) 



1 10 100 1000 10000 
EXTERNAL CAPACITOR (PIN 7 TO GND)(pF) 


LTC1044A-TPC13 


LTC1 044A • TPC14 


Oscillator Frequency as a Oscillator Frequency 

Function of Cose, V + = 10V vs Supply Voltage 


Oscillator Frequency 
vs Temperature 
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LTC1044A 


T€ST CIRCUIT 


V + (5V) 



i 


|8 , 

h's 


2 

||p|Jgf|; 

7 

. ^ EXTERNAL i 


J_ Cl 

3 

LTC1044A 

6 

t ^OSCILLATOR p L < 

1 < 

fl' L 


_4_ 


I 

1 





□ 

L— r 

am 


VOUT 


u 
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Theory of Operation 

To understand the theory of operation of the LTC1 044A, a 
review of a basic switched-capacitor building block is 
helpful. 

In Figure 1 , when the switch is in the left position, capacitor 
Cl will charge to voltage VI . The total charge on Cl will be 
ql = Cl VI . The switch then moves to the right, discharg- 
ing Cl to voltage V2. After this discharge time, the charge 
on Cl is q2 = Cl V2. Note that charge has been transferred 
from the source, VI, to the output, V2. The amount of 
charge transferred is: 

Aq = ql — q2 = Cl (VI -V2) 

If the switch is cycled f times per second, the charge 
transfer per unit time (i.e., current) is: 

I = f x Aq = f x Cl (VI - V2) 



Figure 1. Switched-Capacitor Building Block 

Rewriting in terms of voltage and impedance equivalence, 

I VI - V2 = VI - V2 
"l/(fxCir Requiv 

A new variable, Requiv. has been defined such that Requiv 
= 1/(f x Cl ). Thus, the equivalent circuit for the switched- 
capacitor network is as shown in Figure 2. 


Requiv 



Figure 2. Switched-Capacitor Equivalent Circuit 

Examination of Figure 3 shows that the LTC1 044A has the 
same switching action as the basic switched-capacitor 
building block. With the addition of finite switch-on resis- 
tance and output voltage ripple, the simple theory al- 
though not exact, provides an intuitive feel for how the 
device works. 

For example, if you examine power conversion efficiency 
as a function of frequency (see typical curve), this simple 
theory will explain how the LTC1 044A behaves. The loss, 
and hence the efficiency, is set by the output impedance. 
As frequency is decreased, the output impedance will 
eventually be dominated by the 1 /(f x Cl ) term, and power 
efficiency will drop. The typical curves for Power Effi- 
ciency vs Frequency show this effect for various capacitor 
values. 

Note also that power efficiency decreases as frequency 
goes up. This is caused by internal switching losses which 
occur due to some finite charge being lost on each 
switching cycle. This charge loss per unit cycle, when 
multiplied by the switching frequency, becomes a current 
loss. At high frequency this loss becomes significant and 
the power efficiency starts to decrease. 
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Figure 3. LTC1044A Switched-Capacitor Voltage Converter Block Diagram 


LV (Pin 6) 

The internal logic of the LTC1044A runs between V + and 
LV (pin 6). For V + greater than or equal to 3 V, an internal 
switch shorts LV to GND (pin 3). For V + less than 3 V, the 
LV pin should be tied to GND. For V + greater than or equal 
to 3 V, the LV pin can be tied to GND or left floating. 

OSC (Pin 7) and Boost (Pin 1) 

The switching frequency can be raised, lowered, or driven 
from an external source. Figure 4 shows a functional 
diagram of the oscillator circuit. 

By connecting the boost pin (pin 1 ) to V + , the charge and 
discharge current is increased and hence, the frequency is 
increased by approximately 7 times. Increasing the 


V* 



frequency will decrease output impedance and ripple for 
higher load currents. 

Loading pin 7 with more capacitance will lower the fre- 
quency. Using the boost (pin 1) in conjunction with exter- 
nal capacitance on pin 7 allows user selection of the 
frequency over a wide range. 

Driving the LTC1 044A from an external frequency source 
can be easily achieved by driving pin 7 and leaving the 
boost pin open as shown in Figure 5. The output current 
from pin 7 is small (typically 0.5pA) so a logic gate is 
capable of driving this current. The choice of using a 
CMOS logic gate is best because it can operate over a wide 
supply voltage range (3 V to 1 5 V) and has enough voltage 
swing to drive the internal Schmitt trigger shown in Figure 
4. For 5 V applications, a TTL logic gate can be used by 
simply adding an external pull-up resistor (see Figure 5). 


V + 





NC — 
2 

LTC1G44A 

1 > 100k 

U ^ REQUIRED FOR 

7 ** TTL LOGIC s— 1 

i 

I E 

3 

4_ 

- * °s 

5 • * 



f * (V ) 

_tf! , 


LTC1 044A • F05 J 

_ 


Figure 5. External Clocking 


Figure 4. Oscillator 
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Capacitor Selection 

External capacitors Cl and C2 are not critical. Matching 
is not required, nor do they have to be high quality or 
tight tolerance. Aluminum or tantalum electrolytics are 
excellent choices with cost and size being the only 
consideration. 

Negative Voltage Converter 

Figure 6 shows a typical connection which will provide a 
negative supply from an available positive supply. This 
circuit operates over full temperature and power supply 
ranges without the need of any external diodes. The LV 
pin (pin 6) is shown grounded, but for V + > 3 V it may be 
“floated”, since LV is internally switched to ground (pin 3) 
for V + > 3 V. 

The output voltage (pin 5) characteristics of the circuit are 
those of a nearly ideal voltage source in series with an 80ft 
resistor. The 80ft output impedance is composed of two 
terms: 

1. The equivalent switched-capacitor resistance (see 
Theory of Operation). 

2. A term related to the on-resistance of the MOS 
switches. 

At an oscillator frequency of 1 0kHz and Cl = 1 0pF, the first 
term is: 

^“-(wixci 

= 1 = ?0O 

5x10 3 x10x10" 6 

Notice that the above equation for Requiv is not a capaci- 
tive reactance equation (Xc = 1/wC) and does not contain 
a2jc term. 



The exact expression for output resistance is extremely 
complex, but the dominant effect of the capacitor is clearly 
shown on the typical curves of Output Resistance and 
Power Efficiency vs Frequency. For Cl = C2 = 10pF, the 
output impedance goes from 60ft at fosc = 1 0kHzto 200ft 
at fosc = 1kHz. As the 1/(f x C) term becomes large 
compared to the switch-on resistance term, the output 
resistance is determined by 1/(f x C) only. 

Voltage Doubling 

Figure 7 shows a two-diode capacitive voltage doubler. 
With a 5 V input, the output is 9.93V with no load and 9.13V 
with a 10mA load. With a 10V input, the output is 19.93V 
with no load and 19.28V with a 10mA load. 


V|N 

(1.5V TO 12V) 



Figure 7. Voltage Doubler 


Ultra-Precision Voltage Divider 

An ultra-precision voltage divider is shown in Figure 8. To 
achieve the 0.0002% accuracy indicated, the load current 
should be kept below lOOnA. However, with a slight loss 
in accuracy the load current can be increased. 



Figure 8. Ultra-Precision Voltage Divider 


Figure 6. Negative Voltage Converter 
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Battery Splitter 

A common need in many systems is to obtain (+) and 
(-) supplies from a single battery or single power supply 
system. Where current requirements are small, the circuit 
shown in Figure 9 is a simple solution. It provides sym- 
metrical ± output voltages, both equal to one half input 
voltage. The output voltages are both referenced to pin 3 



(output common). If the input voltage between pin 8 and 
pin 5 is less than 6V, pin 6 should also be connected to 
pin 3 as shown by the dashed line. 

Paralleling for Lower Output Resistance 

Additional flexibility of the LTC1044A is shown in Figures 
10 and 11. 

Figure 10 shows two LTC1044AS connected in parallel to 
provide a lower effective output resistance. If, however, 
the output resistance is dominated by 1/(f x Cl ), increas- 
ing the capacitor size (Cl ) or increasing the frequency will 
be of more benefit than the paralleling circuit shown. 

Figure 11 makes use of “stacking” two LTC1044As to 
provide even higher voltages. A negative voltage doubler 
ortripler can be achieved, depending upon how pin 8 of the 
second LTC1044A is connected, as shown schematically 
by the switch. The available output current will be dictated/ 
decreased by the product of the individual power conver- 
sion efficiencies and the voltage step-up ratio. 



V + 



Figure 10. Paralleling for Lower Output Resistance 


v + 



Figure 11. Stacking for Higher Voltage 
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Converter with Regulator 


F€fiTUR€S 

■ Available in Space Saving SO-8 Package 

■ Output Current: 100mA 

■ Low Loss: 1.1 Vat 100mA 

■ Operating Range: 3.5V to 15V 

■ Reference and Error Amplifier for Regulation 

■ External Shutdown 

■ External Oscillator Synchronization 

■ Can Be Paralleled 

■ Pin Compatible with the LTC1044/LTC7660 

application 

■ Voltage Inverter 

■ Voltage Regulator 

■ Negative Voltage Doubler 

■ Positive Voltage Doubler 


DCSCRIPTIOn 

The LT1054 is a monolithic, bipolar, switched-capacitor 
voltage converter and regulator. The LT1054 provides 
higher output current than previously available converters 
with significantly lower voltage losses. An adaptive switch 
driver scheme optimizes efficiency over a wide range of 
output cu rrents. T otal voltage loss at 1 00mA output cu rrent 
is typically 1.1V. This holds true over the full supply voltage 
range of 3.5V to 1 5V. Quiescent current is typically 2.5mA. 

The LT1054 also provides regulation, a feature not previ- 
ously available in switched-capacitor voltage converters. 
By adding an external resistive divider a regulated output 
can be obtained. This output will be regulated against 
changes in both input voltage and output current. The 
LT 1 054 can also be shut down by grounding the feedback 
pin. Supply current in shutdown is less than lOOpA. 

The internal oscillator of the LT 1 054 runs at a nominal 
frequency of 25kHz. The oscillator pin can be used to adjust 
the switching frequency or to externally synchronize the 
LT1054. 

The LT1054 is pin compatible with previous converters 
such the LTC1 044/LTC7660. 


BLOCK DIRGRnm 


Vref 



Voltage Loss 



0 10 20 30 40 50 60 70 80 90 100 
OUTPUT CURRENT (mA) 
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LT1054 


absolute maximum aatiags 

Supply Voltage (Note 1) 16V 

Input Voltage 

Pin 1 0V<Vp, N 1 <V + 

Pin 3 (S Package) OV < Vpifj 3 < V + 

Pin 7 OV < Vpn\i 7 < Vref 

Pin 13 (S Package) OV < Vpmj -13 < Vref 

Operating Temperature Range 

LT1054C 0°C to 70°C 

LT1054I -40°C to 85°C 

LT1054M -55°C to 125°C 


Junction Temperature Range (Note 2) 

LT1054C 125C 

LT10541 125°C 

LT1054M 150°C 

Storage Temperature Range 

H, J 8 , N 8 and S 8 Packages -55°C to 150°C 

S Package -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER lAFORmATlOA (Note 6) 


TOP VIEW 


V + 



8-LEAD TO-5 METAL CAN 


Tjmax = "1 50°C, 0ja = 1 50°C, 0jc = 45°C/W 


FB/SHDN \T 
CAP + |T 
GND IT 
CAP" [J 



J8 PACKAGE N8 PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 


Tjmax=15O°C,0ja=1OO°C/W(J8) 
Tjmax = 125°C, 0 JA = 130°C/W (N8) 


ORDER PART 
NUMBER 


LT1054CH 

LT1054MH 


TOP VIEW 


FB/SHDN [T j 

CAP + [T I 
GND |T | 
CAP - (T 


T] v + 
T\ osc 
j] Vref 
~5~l Vqut 


S8 PACKAGE 
8-LEAD PLASTIC SO 


Tjmax = XXX°C, 0 JA = XXX°C/W 


ORDER PART 
NUMBER 


LT1054CS8 


S 8 PART 
MARKING 


SEE REGULATION AND CAPACITOR SELECTION SECTIONS 
IN THE APPLICATIONS INFORMATION FOR IMPORTANT 
INFORMATION ON THE S8 DEVICE 


1054 


ORDER PART 
NUMBER 


LT1054CJ8 

LT1054CN8 

LT1054IN8 

LT1054MJ8 


NC 

NC 

FB/SHDN 

CAP + 

GND 

CAP" 

NC 

NC 


33 NC 
31] NC 

33 v + 
33 osc 
HI Vref 
33 VoUT 
33 nc 
T] NC 



ORDER PART 
NUMBER 


LT1054CS 

LT1054IS 


S PACKAGE 
16-LEAD PLASTIC SOL 


Tjmax=125°C,0j A =15O o C/W 



urns 
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LT1054 


€l€CTMCni CHARACTERISTICS (Note 6) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Load = OmA 







V|n = 3.5V 

• 


2.5 

4.0 

mA 


V| N = 15V 

• 


3.0 

5.0 

mA 

Supply Voltage Range 


• 

3.5 


15 

V 

Voltage Loss (V| N - IVqutI) 

Cin = Cout = 1 0OpF Tantalum (Note 3) 







Iout = 1 0mA 

• 


0.35 

0.55 

V 


Iout - 100mA 

• 


1.10 

1.60 

V 

Output Resistance 

AIout = 1 0mA to 1 00mA (Note 4) 

• 


10 

15 

Q 

Oscillator Frequency 

3.5 V <V| N S 15V 

• 

15 

25 

35 

kHz 

Reference Voltage 

Iref = 60pA, Tj = 25°C 


2.35 

2.50 

2.65 

V 



• 

2.25 


2.75 

V 

Regulated Voltage 

V, N = 7V, Tj = 25°C, R l = 500Q (Note 5) 


-4.70 

-5.00 

-5.20 

V 

Line Regulation 

7V < V|N < 1 2V, R l = 500Q (Note 5) 

• 


5 

25 

mV 

Load Regulation 

Vim = 7V, 100Q < R L < 500Q (Note 5) 

• 


10 

50 

mV 

Maximum Switch Current 



300 

mA 

Supply Current in Shutdown 

Vpini = ov 

• 


100 

200 

pA 


The • denotes specifications which apply over the full operating 
temperature range. For C grade parts these specifications also apply up to 
a junction temperature of 100°C. 

Note 1: The absolute maximum supply voltage rating of 16V is for 
unregulated circuits. For regulation mode circuits with Vout < 15V at 
pin 5, (pin 11 S package) this rating may be increased to 20 V. 

Note 2: The devices are guaranteed by design to be functional up to the 
absolute maximum junction temperature. 

Note 3: For voltage loss tests, the device is connected as a voltage 
inverter, with pins 1, 6, and 7 (3, 12, and 13 S package) unconnected. 

The voltage losses may be higher in other configurations. 


Note 4: Output resistance is defined as the slope of the curve, (AVout vs 
aIout). tor output currents of 10mA to 100mA. This represents the linear 
portion of the curve. The incremental slope of the curve will be higher at 
currents < 10mA due to the characteristics of the switch transistors. 

Note 5: All regulation specifications are for a device connected as a 
positive-to-negative converter/regulator with R1 = 20k, R2 = 102.5k, 

Cl = 0.002pF, (Cl = 0.05pF S package) C !N = lOpF tantalum, 

Cout = 100pF tantalum. 

Note 6: The S8 package uses a different die than the H, J8, N8 and S 
packages. The S8 device will meet all the existing data sheet parameters. 
See Regulation and Capacitor Selection sections in Applications 
Information for differences in application requirements. 


TVPICfll P€RFORmnflC€ CHRRRCT€RISTICS 


Shutdown Threshold 



s 









s^Vpi 

\I1 
































-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1054 -TPCOI 


Supply Current 



INPUT VOLTAGE (V) 

LT1054-TPC02 


Oscillator Frequency 



-70 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1054*TPC03 
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TVPicni P€RFORmnnc€ chrrrctcristics 



0 5 10 15 

INPUT VOLTAGE (V) 

LT1054 • TPC04 


Average Input Current 



0 20 40 60 80 100 

OUTPUT CURRENT (mA) 

LT1050-TPC05 


Output Voltage Loss 


1.4 
1.2 

_ 1.0 
>. 

<*> 

§ 0.8 

LU 

< 0.6 

o 

> 0.4 
0.2 
0 

0 10 20 30 40 50 60 70 80 90 100 
INPUT CAPACITANCE (jaF) 


















Iqut = 100mA 

























Iqut = 50mA 




P 







. 



u 

lo 

JT = 

OrrV 


IN\ 

/ERT 

ERC 

rrn 

0NFIGUR 

ATIC 

N 




CoUT = 100^F IANTALUM 
f 0S C = 25kHz 






LT1054.TPC06 


Output Voltage Loss 



LT 1 054 • TPC07 


Regulated Output Voltage 

-4.7 
-4.8 
-4.9 
> -5.0 

LLl 

-5.1 

0 - 11 . 6 ' 
o-1 18 
§- 12.0 
- 12.2 
-12.4 
- 12.6 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



Output Voltage Loss 



LT 1 054 • TPC08 


Reference Voltage Temperature 
Coefficient 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1054-TPC10 
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V + (Pin 8): Input Supply. The LT1054 alternately charges 
Cin to the input voltage when Cin is switched in parallel with 
the input supply and then transfers charge to Cout when 
C||\| is switched in parallel with Cout- Switching occurs at 
the oscillator frequency. During the time that Cin is charg- 
ing, the peak supply current will be approximately equal to 
2.2 times the output current. During the time that Cin is 
delivering charge to Cout the supply current drops to 
approximately 0.2 times the output current. An input 
supply bypass capacitor will supply part of the peak input 
current drawn by the LT1054 and average out the current 
drawn from the supply. A minimum input supply bypass 
capacitor of 2pF, preferably tantalum or some other low 
ESR type is recommended. A larger capacitor may be 
desirable in some cases, for example, when the actual input 
supply is connected to the LT1054 through long leads, or 
when the pulse current drawn by the LT1 054 might affect 
other circuitry through supply coupling. 

V 0UT (Pin 5): In addition to being the output pin the pin is 
also tied to the substrate of the device. Special care must 
be taken in LT1054 circuits to avoid pulling this pin 
positive with respect to any of the other pins. Pulling pin 
5 positive with respect to pin 3 (GND) will forward bias the 
substrate diode which will preventthe device from starting. 
This condition can occur when the output load driven by the 
LT1054 is referred to its positive supply (or to some other 
positive voltage). Note that most op amps present just such 
a load since their supply currents flow from their V + 
terminals to their V - terminals. To prevent start-up prob- 
lems with this type of load an external transistor must be 
added as shown in Figure 1 . This will prevent Vqut (pin 5) 
from being pulled above the ground pin (pin 3) during start- 
up. Any small, general purpose transistor such as 2N2222 
or 2N2219 can be used. Rx should be chosen to provide 
enough base drive to the external transistor so that it is 
saturated under nominal output voltage and maximum 
output current conditions. In some cases an N-channel 
enhancement mode MOSFET can be used in place of the 
transistor. 


Rx< 


(IVqutI)P 

Iout 


v* 

I 



Figure f 

Vref (Pin 6): Reference Output. This pin provides a 2.5 V 
reference point for use in LT1 054-based regulator circuits. 
The temperature coefficient of the reference voltage has 
been adjusted so that the temperature coefficient of the 
regulated output voltage is close to zero. This requires the 
reference output to have a positive temperature coefficient 
as can be seen in the typical performance curves. This 
nonzero drift is necessary to offset a drift term inherent in 
the internal reference divider and comparator network tied 
to the feedback pin. The overall result of these driftterms is 
a regulated output which has a slight positive temperature 
coefficient at output voltages below 5V and a slight negative 
TC at output voltages above 5V. Reference output current 
should be limited, for regulator feedback networks, to 
approximately 60pA. The reference pin will draw 
=100pA when shorted to ground and will not affect the 
internal reference/regulator, so that this pin can also be 
used as a pull-up for LT1 054 circuits that require synchro- 
nization. 

CAP7CAP' (Pin 2/Pin 4): Pin 2, the positive side of the 
input capacitor (Cim), is alternately driven between V + and 
ground. When driven to V + , pin 2 sources current from V + . 
When driven to ground pin 2 sinks current to ground. Pin 
4, the negative side of the input capacitor, is driven alter- 
nately between ground the Vqut- When driven to ground, 
pin 4 sinks current to ground. When driven to Vqut pin 4 
sources current from Cout- In all cases current flow in the 
switches is unidirectional as should be expected using 
bipolar switches. 
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OSC (Pin 7): Oscillator Pin. This pin can be used to raise or 
lower the oscillator frequency or to synchronize the device 
to an external clock. Internally pin 7 is connected to the 
oscillatortiming capacitor (C t = 1 50pF) which is alternately 
charged and discharged by current sources of ±7pA so that 
the duty cycle is =50%. The LT1054 oscillator is designed 
to run in the frequency band where switching losses are 
minimized. Howeverthe frequency can be raised, lowered, 
or synchronized to an external system clock if necessary. 

The frequency can be lowered by adding an external 
capacitor (Cl, Figure 2) from pin 7 to ground. This will 
increase the charge and discharge times which lowers the 
oscillator frequency. The frequency can be increased by 
adding an external capacitor (C2, Figure 2, in the range of 
5pF to 20pF) from pin 2 to pin 7. This capacitor will couple 
charge into C t at the switch transitions, which will shorten 
the charge and discharge time, raising the oscillator fre- 
quency. Synchronization can be accomplished by adding 
an external resistive pull-up from pin 7 to the reference pin 
(pin 6). A 20k pull-up is recommended. An open collector 
gate or an NPN transistor can then be used to drive the 
oscillator pin at the external clock frequency as shown in 
Figure 2. Pulling up pin 7 to an external voltage is 
not recommended. For circuits that require both fre- 



Figure 2 


quency synchronization and regulation, an external refer- 
ence can be used as the reference point for the top of the 
R1/R2 divider allowing pin 6 to be used as a pull-up point 
for pin 7. 

FB/SHDN (Pin 1): Feedback/Shutdown Pin. This pin has 
two functions. Pulling pin 1 below the shutdown threshold 
(= 0.45 V) puts the device into shutdown. In shutdown the 
reference/regulator is turned off and switching stops. The 
switches are set such that both Cin and Cout are dis- 
charged through the output load. Quiescent current in 
shutdown drops to approximately 100pA (see Typical 
Performance Characteristics). Any open-collector gate can 
be used to put the LT1054 into shutdown. For normal 
(unregulated) operation the device will start back up when 
the external gate is shut off. In LT1 054 circuits that use the 
regulation feature, the external resistor divider can provide 
enough pull-down to keep the device in shutdown until the 
output capacitor (Cout) has fully discharged. For most 
applications where the LT 1 054 would be run intermittently, 
this does not presents problem because the discharge time 
of the output capacitor will be short compared to the off- 
time of the device. In applications where the device has to 
start up before the output capacitor (Cout) has fully dis- 
charged, a restart pulse must be applied to pin 1 of the 
LT 1 054. Using the circuit of Figure 5, the restart signal can 
be eithera pulse (t p > 1 OOps) ora logic high. Diode coupling 
the restart signal into pin 1 will allow the output voltage to 
come up and regulate without overshoot. The resistor 
divider R3/R4 in Figure 5 should be chosen to provide a 
signal level at pin 1 of 0.7V to 1.1V. 

Pin 1 is also the inverting input of the LT1054’s error 
amplifier and as such can be used to obtain a regulated 
output voltage. 


nppucATions mfORmnnon 

Theory of Operation 

To understand the theory of operation of the LT1054, a 
review of a basic switched-capacitor building block is 
helpful. 

In Figure 3 when the switch is in the left position, capacitor 
Cl will charge to voltage VI . The total charge on Cl will be 
ql = Cl VI . The switch then moves to the right, discharging 


Cl to voltage V2. After this discharge time the charge on Cl 
is q2 = Cl V2. Note that charge has been transferred from 
the source VI to the output M2. The amount of charge 
transferred is: 

Aq = q1 — q2 = Cl (VI -V2) 
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If the switch is cycled f times per second, the charge 
transfer per unit time (i.e., current) is: 

I = f x Aq = f x Cl (VI - V2) 

To obtain an equivalent resistance forthe switched-capaci- 
tor network we can rewrite this equation in terms of voltage 
and impedance equivalence: 

■ VI -V2 VI -V2 
" (1/fC1) " Requiv 



Figure 3. Switched-Capacitor Building Block 

A new variable Requiv is defined such that Requiv = 1/fC1 . 
Thus the equivalent circuit for the switched-capacitor 
network is as shown in Figure 4. The LT 1 054 has the same 
switching action as the basic switched-capacitor building 
block. Even though this simplification doesn’t include finite 
switch on-resistance and output voltage ripple, it provides 
an intuitive feel for how the device works. 

These simplified circuits explain voltage loss as a function 
of frequency (seeTypical Performance Characteristics). As 
frequency is decreased, the output impedance will eventu- 
ally be dominated by the 1/fC1 term and voltage losses will 
rise. 



Figure 4. Switched-Capacitor Equivalent Circuit 

Note that losses also rise as frequency increases. This is 
caused by internal switching losses which occur due to 
some finite charge being lost on each switching cycle. This 
charge loss per-unit-cycle, when multiplied by the switch- 
ing frequency, becomes a current loss. At high frequency 
this loss becomes significant and voltage losses again rise. 

The oscillator of the LT1054 is designed to run in the 
frequency band where voltage losses are at a minimum. 


Regulation 

The error amplifier of the LT1054 servos the drive to the 
PNP switch to control the voltage across the input capaci- 
tor (C| N ) which in turn will determine the output voltage. 
Using the reference and error amplifier of the LT 1 054, an 
external resistive divider is all that is needed to set the 
regulated output voltage. Figure 5 shows the basic regu- 
lator configuration and the formula for calculating the 
appropriate resistor values. R1 should be chosen to be 
20k or greater because the reference output current is 
limited to = 1 OOpA. R2 should be chosen to be in the range 
of lOOkto 300k. Foroptimum results the ratio of Cin/Cout 
is recommended to be 1/10. Cl, required for good load 
regulation at light load currents, should be 0.002pF for all 
output voltages. 

A new die layout was required to fit into the physical 
dimensions of the S8 package. Although the newdie of the 
LT 1 054CS8 will meet all the specifications of the existing 
LT1054 data sheet, subtle differences in the layout of the 
new die require consideration in some application cir- 
cuits. In regulating mode circuits using the LT1054CS8 
the nominal values of the capacitors, Cin and Cout, must 
be approximately equal for proper operation at elevated 
junction temperatures. This is different from the earlier 
part. Mismatches within normal production tolerances 
for the capacitors are acceptable. Making the nominal 



FOR EXAMPLE: TO GET V 0U T = -5V REFERRED TO THE GROUND 
PIN OF THE LT1054, CHOOSE R1 = 20k, THEN 

R2 = 20k *~ 5Vl + 1 = 102.6k* 

\rr ~ 40mV j 

*CHOOSE THE CLOSEST 1% VALUE 

Figure 5 
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capacitor values equal will ensure proper operation at 
elevated junction temperatures at the cost of a small 
degradation in the transient response of regulator cir- 
cuits. For unregulated circuits the values of Cin and Cout 
are normally equal for all packages. For S8 applications 
assistance in unusual applications circuits, please consult 
the factory. 

It can be seen from the circuit block diagram that the 
maximum regulated output voltage is limited by the supply 
voltage. For the basic configuration, IVoutI referred to the 
ground pin of the LT 1 054 must be less than the total of the 
supply voltage minus the voltage loss due to the switches. 
The voltage loss versus output current due to the switches 
can be found in Typical Performance Characteristics. Other 
configurations such as the negative doubler can provide 
higher output voltages at reduced output currents (see 
Typical Applications). 

Capacitor Selection 

For unregulated circuits the nominal values of Cin and Cout 
should be equal. For regulated circuits see the section on 
Regulation. While the exact values of Cin and Cout are 
noncritical, good quality, low ESR capacitors such as solid 
tantalum are necessary to minimize voltage losses at high 
currents. For Cin the effect of the ESR of the capacitor will 
be multiplied by four due to the fact that switch currents are 
approximately two times higher than output current and 
losses will occur on both the charge and discharge cycle. 
This means that using a capacitor with 10 of ESR for Cum 
will have the same effect as increasing the output imped- 
ance of the LT1054 by 40. This represents a significant 
increase in the voltage losses. For Cout the affect of ESR is 
less dramatic. Cout is alternately charged and discharged 
at a current approximately equal to the output current and 
the ESR of the capacitor will cause a step function to occur 
in the output ripple at the switch transitions. This step 
function will degrade the output regulation for changes in 
output load current and should be avoided. Realizing that 
large value tantalum capacitors can be expensive, a tech- 
nique that can be used is to parallel a smaller tantalum 
capacitor with a large aluminum electrolytic capacitor to 
gain both low ESR and reasonable cost. Where physical 
size is a concern some of the newer chip type surface 
mount tantalum capacitors can be used. These capacitors 


are normally rated at working voltages in the 10V to 20V 
range and exhibit very low ESR (in the range of 0.1Q). 

Output Ripple 

The peak-to-peak output ripple is determined by the value 
of the output capacitor and the output current. Peak-to- 
peak output ripple may be approximated by the formula: 


where dV = peak-to-peak ripple and f = oscillator frequency. 

For output capacitors with significant ESR a second term 
must be added to account for the voltage step at the switch 
transitions. This step is approximately equal to: 

(2Iout)(ESR of Cout) 

Power Dissipation 

The power dissipation of any LT1054 circuit must be 
limited such that the junction temperature of the device 
does not exceed the maximum junction temperature rat- 
ings. The total power dissipation must be calculated from 
two components, the power loss due to voltage drops in the 
switches and the power loss due to drive current losses. 
The total power dissipated by the LT 1 054 can be calculated 
from: 

P«(Vin-IV O utI)(Iout) + (Vin)(Iout)(0.2) 

where both Vin and Vqut are referred to the ground pin (pin 
3) of the LT1054. For LT1054 regulator circuits, the power 
dissipation will be equivalent to that of a linear regulator. 
Due to the limited power handling capability of the LT1 054 
packages, the user will have to limit output current require- 
ments or take steps to dissipate some power external to the 
LT1054 for large input/output differentials. This can be 
accomplished by placing a resistor in series with Cin as 
shown in Figure 6. A portion of the input voltage will then 
bedropped acrossthisresistorwithoutaffectingtheoutput 
regulation. Because switch current is approximately 2.2 
times the output current and the resistor will cause a 
voltage drop when Cin is both charging and discharging, 
the resistor should be chosen as: 

R x = V x /(4.4 lour) 
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Figure 6 


where 

V x » V| N - [(LT1 054 Voltage Loss)(1 .3) + IV 0UT I] 

and Iout = maximum required output current. The factor of 
1.3 will allow some operating margin for the LT1054. 

For example: assume a 12V to -5 V converter at 100mA 
output current. First calculate the power dissipation with- 
out an external resistor: 

P = (12V- l-5Vl)(100mA) + (12V)(100mA)(0.2) 

P = 700mW + 240mW = 940mW 

At 0 ja of 130°C/W for a commercial plastic device this 
would cause a junction temperature rise of 122°C so that 
the device would exceed the maximum junction tempera- 
ture at an ambient temperature of 25°C. Now calculate the 


power dissipation with an external resistor (Rx). First find 
how much voltage can be dropped across Rx. The maxi- 
mum voltage loss of the LT1054 in the standard regulator 
configuration at 100mA output current is 1.6V, so 

V x = 12V- [(1.6V)(1.3) + I-5VI] = 4.9V and 

R x = 4.9V/(4.4)(1 00mA) = 11Q 

This resistor will reduce the power dissipated by the 
LT1054 by (4.9V)(1 00mA) = 490mW. The total power 
dissipated by the LT1054 would then be = (940mW - 
490mW) = 450mW. The junction temperature rise would 
now be only 58°C. Although commercial devices are 
guaranteed to be functional up to a junction temperature 
of 125°C, the specifications are only guaranteed up to a 
junction temperature of 1 00°C, so ideally you should limit 
the junction temperature to 1 00°C. For the above example 
this would mean limiting the ambient temperature to 42°C. 
Other steps can be taken to allow higher ambient tempera- 
tures. The thermal resistance numbers for the LT1054 
packages represent worst case numbers with no heat 
sinking and still air. Small clip-on type heat sinks can be 
used to lower the thermal resistance of the LT 1 054 pack- 
age. In some systems there may be some available airflow 
which will help to lower the thermal resistance. Wide PC 
board traces from the LT1054 leads can also help to 
remove heat from the device. This is especially true for 
plastic packages. 
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Basic Voltage Inverter 


H fb/shdn v* 


100piF 


- |- JT 


CAP* OSC \ 
LT1054 
GND Vref | — ' 


CAP" Vqut 




-V|N 


2|xF 


-Vqut 


u 


IOOjllF 


” LT1054 *TA02 


Basic Voltage Inverter/Regulator 
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Negative Voltage Doubler 


Positive Doubler 



VoUT = 2V||\| + (LT1054 VOLTAGE LOSS) + (Q x SATURATION VOLTAGE) 
*SEE FIGURE 3 ltiom-tam 


VOUT 


1N4001 

H- 




V|N 

1N4001 3.5V TO 15V 

— 1 - 4 — 


1 00|liF 


;iO|xF 


V|(\| = 3.5VTO 15V 

VouT « 2V| N - (V L + 2VdioDE) 

V l = LT1 054 VOLTAGE LOSS 


FB/SHDN V + 

I CAP + 

OSC 

LT 1 054 

GND 

Vref 

CAP" 

VqUT 


3± 


2pF 


100mA Regulating Negative Doubler 


V|N 

3.5 TO 15V 



PIN 2 
LT1054 #1 


R2 

R1 


| IVqutI 

-40mV 



REFER TO FIGURE 5 



Dual Output Voltage Doubler 


V|N 

3.5V TO 15V 



=1N4001 LT1054-TA07 
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5V to ±12V Converter 


V in = 5V 



Strain Gage Bridge Signal Conditioner 



V(N 3.5V to 5V Regulator 

3.5V TO 5.5 V 
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Regulating 200mA, 12V to -5V Converter 

5jxF 12V 



Digitally Programmable Negative Supply 

15V 




Positive Doubler with Regulation 
(5V to 8V Converter) 


Negative Doubler with Regulator 


V, N = 5V 



10p.Fl 


H F8/SHDN V + 


\ CAP* OSC | — 

LT1054 

|GND V REF 



\ CAP" V 0U T 


lOpFZ 


J~T=!= 100 ^ F f im4=°' 

-±r 1N4001 1 1 


V||\| = 3.5V TO 15V 

VOUT(MAX) - 2V|n + (Vl + 2VDIODE) 

V l = LT1054 VOLTAGE LOSS 


,002pF 


-VOUT 


IlOOpF 


Vref 


+ 1| = [M + i| , refer to figure 5 


THE TYPICAL APPLICATIONS CIRCUITS WERE VERIFIED USING THE STANDARD LT1054. FOR S8 
APPLICATIONS ASSISTANCE IN ANY OF THE UNUSUAL APPLICATIONS CIRCUITS PLEASE CONSULT 
THE FACTORY. 
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■ Wide Operating Supply Voltage Range: 2 V to 18V 

■ Boost Pin (Pin 1) for Higher Switching Frequency 

■ Simple Conversion of 15V to -15V Supply 

■ Low Output Resistance: 120 Q Maxi mum 

■ Power Shutdown to 8pA with SHDN Pin 

■ Open Circuit Voltage Conversion Efficiency: 

99.9% Typical 

■ Power Conversion Efficiency: 93% Typical 

■ Easy to Use 

nwiicfflions 

■ Conversion of 15V to ±15V Supplies 

■ Inexpensive Negative Supplies 

■ Data Acquisition Systems 

■ High Voltage Upgrade to LTC1 044 or 7660 

■ Voltage Division and Multiplications 

■ Automotive Applications 

■ Battery Systems with Wall Adapter/Charger 


Switched-Capacitor 
Wide Input Range 
Voltage Converter 
with Shutdown 


DcscniPTion 

The LTC1144 is a monolithic CMOS switched-capacitor 
voltage converter. It performs supply voltage conversion 
from positive to negative from an input range of 2 V to 1 8 V, 
resulting in complementary output voltages of -2 V to 
-1 8 V. Only two noncritical external capacitors are needed 
for the charge pump and charge reservoir functions. 

The converter has an internal oscillator that can be 
overdriven by an external clock or slowed down when 
connected to a capacitor. The oscillator runs at a 10kHz 
frequency when unloaded. A higher frequency outside the 
audio b and can also be obtained if the Boost Pin is tied to 
V + . The SHDN pin reduces supply current to 8pAand can 
be used to save power when the converter is not in use. 

The LTC1144 contains an internal oscillator, divide-by- 
two, voltage level shifter, and four power MOSFETs. A 
special logic circuit will prevent the power N-channel 
switch substrate from turning on. 
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Generating -15V from 15V 


Output Voltage vs Load Current, V + = 15V 
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(Note 1) 

Supply Voltage (V + ) (Transient) 20V 

Supply Voltage (V + ) (Operating) 18V 

Input Voltage on Pins 1, 6, 7 

(Note 2) -0.3V <V, N <(V + ) + 0.3V 

Output Short-Circuit Duration 

V + <10V Indefinite 

V + < 15V 30 sec 

V + <20V Not Protected 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1144C 0°C to 70°C 

LTC1144I -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORRIRTIOn 




TOP VIEW 


ORDER PART 

BOOST (T 



T] V + 

NUMBER 

CAP + [T 
GND |T 
CAP" [7 



7] osc 

T\ sim 

I] Vqut 

LTC1144CN8 

LTC1144IN8 

N8 PACKAGE 

8-LEAD PLASTIC DIP 

TjMAX = 110 o C,ej A = 100 o C/W 




TOP VIEW 


LTC1144CS8 

LTC1144IS8 

BOOST \T 
CAP + (7 



T| v + 

I] osc 

gnd[T 
cap- [7 



X SHDN 
~5~1 v OUT 

S8 PART MARKING 




S8 PACKAGE ! 

8-LEAD PLASTIC SOIC 

TjMAX = H0°C,ejA = 130°C/W 
_ 1 

1144 

11441 


Consult factory for Military grade parts. 


€l€CTRICRl CHARACTERISTICS 


V + = 15V, Cqsc = OpF, T a = 25°C, Test Circuit Figure 1 , unless otherwise noted. 






LTC1144C 



LTC1144I 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 


Supply Voltage Range 

R|_ = 10k 

• 

2 


18 

2 


18 

V 

Is 

Supply Current 

r l = oo pins 1, 6 No Connection, 




1.1 



1.1 

mA 



fosc = 10kHz 

• 



1.3 



1.6 

mA 



SHDN = 0V, R l = oo Pins 1,7 

No Connection 

• 


0.008 

0.03 


0.008 

0.035 

mA 



V + = 5V, R l = oo i Pins 1,6 




0.10 



0.10 

mA 



No Connection, fosc = 4kHz 

• 



0.13 



0.15 

mA 



V + = 5V, SHDN = 0V, R l = oo, 

Pins 1,7 No Connection 

• 


0.002 

0.015 


0.002 

0.018 

mA 

Rout 

Output Resistance 

V + = 15V, l L = 20mA at 10kHz 



56 

100 


56 

100 

a 




• 



120 



140 

Q 



V + = 5V, l L = 3mA at 4kHz 

• 


90 

250 


90 

300 

Q 

fosc 

Oscillator Frequency 

V + = 15V (Note 3) 



10 



10 


kHz 



V + = 5V 



4 



4 


kHz 


Power Efficiency 

R L = 2k at 10kHz 

• 

90 

93 


90 

93 


% 


Voltage Conversion Efficiency 

R|_ = oo 

• 

97.0 

99.9 


97.0 

99.9 


% 


Oscillator Sink or Source Current 

V + = 5V (V OS c = 0Vto 5V) 



0.5 



0.5 


PA 



V + = 15V (Vosc = 0Vto15V) 



4 



4 


pA 


The • denotes specifications which apply over the full operating 
temperature range; all other limits and typicals at T A = 25°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: Connecting any input terminal to voltages greater than V + or less 
than ground may cause destructive latch-up. It is recommended that no 


inputs from sources operating from external supplies be applied prior to 
power-up of the LTC1144. 

Note 3: fosc is tested with C 0 sc = 100pF t0 minimize the effects of test 
fixture capacitance loading. The OpF frequency is correlated to this lOOpF 
test point, and is intended to simulate the capacitance at pin 7 when the 
device is plugged into a test socket and no external capacitor is used. 
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Output Resistance 
vs Supply Voltage 


Output Resistance vs Temperature 


Oscillator Frequency 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (V) 


Oscillator Frequency as < 
Function of Cose 
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EXTERNAL CAPACITANCE (PIN 7 TO GND), C 0S c (pF) 

LTCl 144 • TPC04 


-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) , 

LTC1144»TPC05 

Supply Current as a Function of 
Oscillator Frequency 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LTCl 144 -TPC02 

Oscillator Frequency 
vs Temperature 


4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (V) 

LTCl 144 • TPC03 


Output Voltage vs Load Current 



LOAD CURRENT (mA) 

Power Conversion Efficiency and 
Supply Current vs Load Current 








7^ 

-Peff- 



z 4 

/ 



j/ 





/ 




/ 





/ 





T. 

_ oco n 



/ 

■a 

V + 

= 15V 

= C2 = 1 0fxF 

OST = OPEN 
;e TEST CIRCUIT) 

TZ 


Cl 

BC 

/ 


(SI 


60 < 


LOAD CURRENT (mA) 


0.1 1 10 
OSCILLATOR FREQUENCY (kHz) 

LTCl 144 "TPC08 


10 20 30 40 

LOAD CURRENT (mA) 

LTCl 144 -T 
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TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Power Conversion Efficiency and 
Supply Current vs Load Current 



LTC1144-TPC10 


Power Conversion Efficiency 



0.1 1 10 100 
OSCILLATOR FREQUENCY (kHz) 

LTC1144 • TPC11 


Output Resistance 
vs Oscillator Frequency 



0.1 1 10 100 
OSCILLATOR FREQUENCY (kHz) 

LTC1 144 • TPC12 


Ripple Voltage vs Load Current 



0.01 0.1 1 10 100 
LOAD CURRENT (mA) 


Output Voltage vs Load Current 



0.001 0.01 0.1 1 10 100 
LOAD CURRENT (mA) 


Output Voltage vs Load Current 



0.001 0.01 0.1 1 10 100 
LOAD CURRENT (mA) 


LTC1144*TPC13 


LTC1144-G14 


LTC1144 • TPC15 



pm Funcnons 

Boost (Pin 1): This pin will raise the oscillator frequency 
by a factor of 10 if tied high. 

CAP + (Pin 2): Positive Terminal for Pump Capacitor. 
GND (Pin 3): Ground Reference. 

CAP" (Pin 4): Negative Terminal for Pump Capacitor. 
Vqut (Pin 5): Output of the Converter. 


SHDN (Pin 6): Shutdown Pin. Tie to V + pin or leave floating 
for normal operation. Tie to ground when in shutdown 
mode. 

OSC (Pin 7): Oscillator Input Pin. This pin can be overdriven 
with an external clock or can be slowed down by connect- 
ing an external capacitor between this pin and ground. 

V + (Pin 8): Input Voltage. 
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LTC1144 


T€ST CIRCUIT 


v + 

15V 



1144F01 


Figure 1. 


nppucRTions mFORmnnon 


Theory of Operation 

To understand the theory of operation of the LTC1144, a 
review of a basic switched-capacitor building block is 
helpful. 

In Figure 2, when the switch is in the left position, capacitor 
G1 will charge to voltage VI . The total charge on Cl will be 
ql = Cl VI . The switch then moves to the right, discharg- 
ing Cl to voltage V2. After this discharge time, the charge 
on Cl is q2 = Cl V2. Note that charge has been transferred 
from the source VI to the output V2. The amount of charge 
transferred is: 


Aq = q1 — q2 = Cl (VI -V2) 



Figure 2. Switched-Capacitor Building Block 

If the switch is cycled f times per second, the charge 
transfer per unit time (i.e., current) is: 

I = f x Aq = f x Cl (VI - V2) 

Rewriting in terms of voltage and impedance equivalence, 


VI -V2 

m 

J xCi > 


VI -V2 
Requiv 


A new variable Requiv has been defined such that Requiv 
= 1/(f x Cl ). Thus, the equivalent circuit for the switched- 
capacitor network is as shown in Figure 3. 


Requiv 

VI VW 9 » V2 

, T“r 

REQUI ' ,= nrci “ " 

Figure 3. Switched-Capacitor Equivalent Circuit 

Examination of Figure 4 shows that the LTC1144 has the 
same switching action as the basic switched-capacitor 
building block. With the addition of finite switch on- 
resistance and output voltage ripple, the simple theory, 
although not exact, provides an intuitive feel for how the 
device works. 

For example, if you examine power conversion efficiency 
as a function of frequency (see Figure 5), this simple 
theory will explain how the LTC1144 behaves. The loss, 



Figure 4. LTC1144 Switched-Capacitor 
Voltage Converter Block Diagram 
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LTC1144 


nppucnnons mFonmnnon 

and hence the efficiency, is set by the output impedance. 
As frequency is decreased, the output impedance will 
eventually be dominated by the 1 /(f x Cl ) term and power 
efficiency will drop. 

Note also that power efficiency decreases as frequency 
goes up. This is caused by internal switching losses which 
occur due to some finite charge being lost on each 
switching cycle. This charge loss per unit cycle, when 
multiplied by the switching frequency, becomes a current 
loss. At high frequency this loss becomes significant and 
the power efficiency starts to decrease. 



OSCILLATOR FREQUENCY (kHz) 

1144 FOS 

Figure 5. Power Conversion Efficiency and Output 
Resistance vs Oscillator Frequency 


SHDN (Pin 6) 

The LTC1 1 44 has a SHDN pin that will disable the internal 
oscillator when it is pulled low. The supply current will also 
drop to 8pA. 

OSC (Pin 7) and Boost (Pin 1) 

The switching frequency can be raised, lowered or driven 
from an external source. Figure 6 shows a functional 
diagram of the oscillator circuit. 

By connecting the boost pin (pin 1 ) to V + , the charge and 
discharge current is increased, and hence the frequency is 
increased by approximately 10 times. Increasing the fre- 
quency will decrease output impedance and ripple for 
higher load currents. 

Loading pin 7 with more capacitance will lower the fre- 
quency. Using the boost (pinl) in conjunction with exter- 


V* 



REQUIRED FOR V* 



Figure 7. External Clocking 

nal capacitance on pin 7 allows user selection of the 
frequency over a wide range. 

Driving the LTC1144 from an external frequency source 
can be easily achieved by driving pin 7 and leaving the 
boost pin open as shown in Figure 7. The output current 
from pin 7 is small, typically 4pA, so a logic gate is capable 
of driving this current. The choice of using a CMOS logic 
gate is best because it can operate over a wide supply 
voltage range (3V to 15V) and has enough voltage swing 
to drive the internal Schmitt trigger shown in Figure 6. For 
5 V applications, a TTL logic gate can be used by simply 
adding an external pull-up resistor (see Figure 7). 

Capacitor Selection 

External capacitors Cl and C2 are not critical. Matching is 
not required, nor do they have to be high quality or tight 
tolerance. Aluminum ortantalum electrolytics are excellent 
choices, with cost and size being the only consideration. 
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Negative Voltage Converter 

Figure 8 shows a typical connection which will provide a 
negative supply from an available positive supply. This 
circuit operates over full temperature and power supply 
ranges without the need of any external diodes. 

The output voltage (pin 5) characteristics of the circuit are 
those of a nearly ideal voltage source in series with a 56Q 
resistor. The 560 output impedance is composed of two 
terms: 1) the equivalent switched capacitor resistance 
(see Theory of Operation), and 2) a term related to the on- 
resistance of the MOS switches. 


V + 

2VT018V 


i0|xF : 





li 1 


2 


7 

■n~ 

3 

LTC1144 

6 

TL 

4 


5 • ft 




1 * 

- 

r Tmin <T A <T M AX 

— , IOm-F 


► V 0UT = -V + 


Figure 8. Negative Voltage Converter 

At an oscillator frequency of 1 0kHz and Cl = 1 0juF, the first 
term is: 



Figure 9. Voltage Doubler 


Ultra-Precision Voltage Divider 

An ultra-precision voltage divider is shown in Figure 1 0. To 
achieve the 0.0002% accuracy indicated, the load current 
should be kept below lOOnA. However, with a slight loss 
in accuracy, the load current can be increased. 


V + 

4V TO 36V 


Cl 

IOhF 

Y~ ± 0 . 002 % 

Tmin^T a <Tmax 
l L < lOOnA 



F10 


Figure 10. Ultra-Precision Voltage Divider 


Rpquiv = 7 \ = 7 , r = 20Q 

(tosc / 2 ) x Cl 5 x 1 0 3 x 1 0 x 1 0~ 6 

Notice that the above equation for Requiv is not a capaci- 
tive reactance equation (Xc = 1/coC) and does not contain 
a 2% term. 

The exact expression for output impedance is extremely 
complex, but the dominant effect of the capacitor is clearly 
shown in Figure 5. For Cl = C2 = lOpF, the output 
impedance goes from 56£2 at fosc = 10kHz to 250Q at 
fosc = 1 kHz. As the 1/(f x C) term becomes large compared 
to the switch on-resistance term, the output resistance is 
determined by 1/(f x C) only. 

Voltage Doubling 

Figure 9 shows a two-diode capacitive voltage doubler. 
With a 15V input, the output is 29.45V with no load and 
28.18V with a 10mA load. 


Battery Splitter 

A common need in many systems is to obtain (+) and (-) 
supplies from a single battery or single power supply 
system. Where current requirements are small, the circuit 
shown in Figure 11 is a simple solution. It provides 
symmetrical ± output voltages, both equal to one half the 
input voltage. The output voltages are both referenced to 
pin 3 (output common). 



V B /2 

9V 


-V B fi 

-9V 


OUTPUT 

COMMON 

1144 F1 1 


Figure 11. Battery Splitter 
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Regulated -5V Output Voltage 

Figure 12 shows a regulated -5V output with a 9 V input. 
With a OmA to 5mA load current, the Rout is below 20Q. 

Paralleling for Lower Output Resistance 

Additional flexibility of the LTC1 1 44 is shown in Figure 1 3. 
Two LTC1 1 44s are connected in parallel to provide a lower 
effective output resistance. However, if the output resis- 
tance is dominated by 1/(f x Cl ), increasing the capacitor 
size (Cl) or increasing the frequency will be of more 
benefit than the paralleling circuit shown. 



Figure 12. A Regulated -5V Supply 


v* 


ci 

10(iF 



1144 F13 

Figure 13. Paralleling for Lower Output Resistance 
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SECTION 4— POWER PRODUCTS 

LINEAR REGULATORS 

LT1083/LT1084/LT1085, 7.5A, 5A, 3A Low Dropout Positive Adjustable Regulators 4-48 

LT1083/LT1084/L T1085 Fixed, 3A, 5A, 7.5A Low Dropout Positive Fixed Regulators 4-61 

LT1 086 Series, 1.5A Low Dropout Positive Regulators Adjustable and Fixed 2.85V, 3.3V, 3.6V, 5V, 12V 4-72 

LT1117/LT1117-2.85/LT1117-3.3/LT1117-5, 800mA Low Dropout Positive Regulators Adjustable and 

Fixed 2.85V, 3.3V, 5V 4-85 

LT1120, Micropower Regulator with Comparator and Shutdown 4-96 

LT1 120 A, Micropower Regulator with Comparator and Shutdown 4-107 

LT1121/LT1121-3.3/LT1121-5, Micropower Low Dropout Regulators with Shutdown 4-114 

LT1 129/LT11 29-3. 3/LT1 129-5, Micropower Low Dropout Regulators with Shutdown 4-125 

LT1585, 4A Low Dropout Fast Response Positive Regulator Adjustable and Fixed 13-136 
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LT1 083/LT1 084/LT1 085 


TECHNOLOGY 7.5A, 5 A, 3A Low Dropout 
Positive Adjustable Regulators 


F€ATUR€S 

■ Three-Terminal Adjustable 

■ Output Current of 3A, 5A or 7.5A 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ Line Regulation: 0.015% 

■ Load Regulation: 0.01% 

■ 100% Thermal Limit Functional Test 

■ Fixed Versions Available 

nppucnTions 

■ High Efficiency Linear Regulators 

■ Post Regulators for Switching Supplies 

■ Constant Current Regulators 

■ Battery Chargers 


DEVICE 

OUTPUT CURRENT* 

LT1083 

7.5A 

LT1084 

5.0A 

LT1085 

3.0A 


*For a 1 .5A low dropout regulator see the LT1086 data sheet. 


DESCRIPTIOfl 

The LT1083 series of positive adjustable regulators are 
designed to provide 7.5A, 5Aand 3A with higherefficiency 
than currently available devices. All internal circuitry is 
designed to operate down to IV input-to-output differen- 
tial and the dropout voltage is fully specified as a function 
of load current. Dropout is guaranteed at a maximum of 
1 .5 V at maximum output current, decreasing at lower load 
currents. On-chip trimming adjusts the reference voltage 
to 1%. Current limit is also trimmed, minimizing the stress 
on both the regulator and power source circuitry under 
overload conditions. 

The LT 1 083/LT 1 084/LT 1 085 devices are pin compatible 
with older three-terminal regulators. A lOpF output ca- 
pacitor is required on these new devices. However, this is 
included in most regulator designs. 

Unlike PNP regulators, where up to 10% of the output 
current is wasted as quiescent current, the LT 1 083 quies- 
cent current flows into the load, increasing efficiency. 


TVPicni applicator 


5V, 7.5A Regulator 



Dropout Voltage vs Output Current 
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LT 1 083/ LT 1 084/ LT 1 085 
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Power Dissipation Internally Limited 

Input-to-Output Voltage Differential 

“C” Grades 30V 

“I” Grades 30V 

“M” Grades 35 V 

Operating Junction Temperature Range 

“C” Grades: Control Section 0°C to 125°C 

Power Transistor 0°C to 150°C 

“I” Grades: Control Section -40°C to 125°C 

Power Transistor -40°C to 150°C 


“M” Grades: Control Section -55°C to 150°C 

Power Transistor -55°C to 200°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACCOADITIOninG 

100% thermal shutdown functional test. 


PACKAGC/OADCA MFOAmATlOA 



T PACKAGE 

3-LEAD PLASTIC TO-220 
e JA = 50°C/W 


ORDER PART 
NUMBER 


LT1084CT 

LT1084IT 

LT1085CT 

LT1085IT 



P PACKAGE 

3-LEAD PLASTIC T0-3P 
0 JA = 35"C/W 


ORDER PART 
NUMBER 


LT1083CP 

LT1084CP 


CASE IS 
.OUTPUT 



K PACKAGE 

2-LEAD TO-3 METAL CAN 
0 JA = 35°C/W 


LT1083CK 

LT1083MK 

LT1084CK 

LT1084MK 

LT1085CK 

LT1085MK 



] Vqut 


M PACKAGE 
3-LEAD PLASTIC DD 


0j A = 30°C/W* 


‘WITH PACKAGE SOLDERED TO 0.5IN 2 COPPER AREA 
OVER BACKSIDE GROUND PLANE OR INTERNAL POWER 
PLANE. 0 JA CAN VARY FROM 20°C/W TO > 40°C/W 
DEPENDING ON MOUNTING TECHNIQUE. 


LT1084CM 

LT1085CM 



€l€CTRICfll CHRRRCTCRISTICS 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Reference Voltage 

Iout = 10mA, Tj = 25°C, 

(V,n-V 0U t) = 3V 

10mA < Iout ^ 'full load 


1.238 

1.250 

1.262 

V 


1 .5V < (V 1N - V 0U t) ^ 25V (Notes 3, 5, 6) 

• 

1.225 

1.250 

1.270 

V 

Line Regulation 

Iload = 1 0mA, 1 .5V < (V| N - V 0U t) ^ 1 5V, Tj = 25°C (Notes 1 , 2) 



0.015 

0.2 

% 



• 


0.035 

0.2 

% 


M Grade: 1 5V < (V iN - V 0U t) ^ 35V (Notes 1 , 2) 

• 


0.05 

0.5 

% 


C, 1 Grades: 15V < (V 1N - V 0U t) ^ 30V (Notes 1 , 2) 

• 


0.05 

0.5 

% 


£jum 
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LT 1 083/ LT1 084/ LT 1085 


€l€CTRICRl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Load Regulation 

(Vin - Vout) = 3V 





10mA < Iqut ^ Ifull load 





Tj = 25°C (Notes 1,2, 3, 5) 


0.1 0.3 

% 



• 

0.2 0.4 

% 

Dropout Voltage 

aVref = 1%, Iout = Ifullload (Motes 4, 5, 7) 


1.3 1.5 

V 

Current Limit 





LT1083 

(Vin - Vout) = 5V 

• 

8.0 9.5 

A 


(Vin- Vout) = 25V 

• 

0.4 1.0 

A 

LT1084 

(V|N “ Vqut) = 5V 

• 

5.5 6.5 

A 


(Vin- Vout) = 25V 

• 

0.3 0.6 

A 

LT1085 

(Vin - Vqut) = 5V 

• 

3.2 4.0 

A 


(Vin- Vout) = 25V 

• 

0.2 0.5 

A 

Minimum Load Current 

(Vin- Vout) = 25V 

• 

5 10 

mA 

Thermal Regulation 

Ta = 25°C, 30ms Pulse 




LT1083 



0.002 0.010 

%/W 

LT1084 



0.003 0.015 

%/W 

LT1085 



0.004 0.020 

%/W 

Ripple Rejection 

f = 120Hz, Cadj = 25jllF, Cout = 25|oF Tantalum 





•out = Ifull load. (Vin - Vout) = 3V (Notes 5, 6, 7) 

• 

60 75 

dB 

Adjust Pin Current 

Tj = 25°C 


55 

MA 



• 

120 

mA 

Adjust Pin Current Change 

10mA < Iout ^ Ifull load 





1.5V <(V| N - Vout) < 25V (Note 5) 

• 

0.2 5 

mA 

Temperature Stability 


• 

0.5 

% 

Long Term Stability 

T a = 125°C, 1000 Hrs 


0.3 1 

% 

RMS Output Noise (% of Vout) 

T A = 25°C 





10Hz = <f< 10kHz 


0.003 

% 

Thermal Resistance Junction-to-Case 

Control Circuitry/Power Transistor 




LT1083 

K Package 


0.6/1 .6 

°c/w 


P Package 


0.5/1 .6 

°c/w 

LT1084 

K Package 


0.75/2.3 

°c/w 


P Package 


0.65/2.3 

°c/w 


M, T Packages 


0.65/2.7 

°c/w 

LT1085 

K Package 


0.9/3.0 

°c/w 


M, T Packages 


0.7/3.0 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output voltage 
due to heating effects. Load and line regulation are measured at a constant 
junction temperature by low duty cycle pulse testing. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissapation (60W for the LT1083, 45Wforthe LT1084 (K, P), 30W for the 
LT1084 (T) and 30W for the LT1085). Power dissipation is determined by 
the input/output differential and the output current. Guaranteed maximum 
power dissipation will not be available over the full input/output voltage 
range. 

Note 3: Ifull load is defined in the current limit curves. The Ifullload 
curve is defined as the minimum value of current limit as a function of 


input-to-output voltage. Note that the 60W power dissipation for the 
LT1083 (45W for the LT1084 (K, P), 30Wforthe LT1084 (T), 30Wforthe 
LT1 085) is only achievable over a limited range of input-to-output voltage. 
Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage 
curve. 

Note 5: For LT1 083 Ifull load is 5A for -55°C < Tj < -40°C and 7.5A for 
Tj >-40°C. 

Note 6: 1 .7V < (V w - V 0UT ) £ 25V for LT1084 at -55°C < Tj < -40°C. 
Note 7: Dropout is 1.7V maximum for LT1084 at-55°C <Tj <-40°C. 
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Dropout Voltage 
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Ripple Rejection 
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Ripple Rejection vs Current 
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The LT1 083 family of three-terminal adjustable regulators 
is easy to use and has all the protection features that are 
expected in high performance voltage regulators. They are 
short-circuit protected, and have safe area protection as 
well as thermal shutdown to turn off the regulator should 
the junction temperature exceed about 165°C. 

These regulators are pin compatible with older three- 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer- 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1083 family and older regulators is that this 
new family requires an output capacitor for stability. 

Stability 

The circuit design used in the LT1083 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition of 
1 50pF aluminium electrolytic or a 22pF solid tantalum on 


the output will ensure stability. Normally, capacitors much 
smaller than this can be used with the LT1083. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ±100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 1 50juF or 22pF values given will ensure stability. 

When the adjustment terminal is bypassed to improve the 
ripple rejection, the requirement for an output capacitor 
increases. The value of 22pF tantalum or 1 50pF aluminum 
covers all cases of bypassing the adjustment terminal. 
Without bypassing the adjustment terminal, smaller ca- 
pacitors can be used with equally good results and the 
table below shows approximately what size capacitors are 
needed to ensure stability. 


Recommended Capacitor Values 


INPUT 

OUTPUT 

ADJUSTMENT 

1 OjliF 

1 0^iF Tantalum, 50 mF Aluminum 

None 

1 0|oF 

22jjF Tantalum, 150(aF Aluminum 

20 mF 
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Normally, capacitor values on the order of 1 0OpF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient 
response of the LT1083 regulators. 

Another possible stability problem that can occur in mono- 
lithic 1C regulators is current limit oscillations. These can 
occur because, in current limit, the safe area protection 
exhibits a negative impedance. The safe area protection 
decreases the current limit as the input-to-output voltage 
increases. That is the equivalent of having a negative 
resistance since increasing voltage causes current to 
decrease. Negative resistance during current limit is not 
unique to the LT1083 series and has been present on all 
power 1C regulators. The value of the negative resistance 
is a function of how fast the current limit is folded back as 
input-to-output voltage increases. This negative resis- 
tance can react with capacitors or inductors on the input 
to cause oscillation during current limiting. Depending on 
the value of series resistance, the overall circuitry may end 
up unstable. Since this is a system problem, it is not 
necessarily easy to solve; however, it does not cause any 
problems with the 1C regulator and can usually be ignored. 

Protection Diodes 

In normal operation, the LT 1 083 family does not need any 
protection diodes. Older adjustable regulators required 
protection diodes between the adjustment pin and the 
output and from the output to the input to prevent over- 
stressing the die. The internal current paths on the LT1 083 
adjustment pin are limited by internal resistors. Therefore, 
even with capacitors on the adjustment pin, no protection 
diode is needed to ensure device safety under short-circuit 
conditions. 

Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT1083 family can handle microsecond surge 
currents of 50A to 100A. Even with large output capaci- 
tances, it is very difficult to get those values of surge 
currents in normal operations. Only with a high value of 
output capacitors, such as 1 0OOpF to 5000pF and with the 


input pin instantaneously shorted to ground, can damage 
occur. A crowbar circuit at the input of the LT1083 can 
generate those kinds of currents, and a diode from output 
to input is then recommended. Normal power supply 
cycling or even plugging and unplugging in the system will 
not generate current large enough to do any damage. 

The adjustment pin can be driven on a transient basis 
±25V, with respect to the output without any device 
degradation. Of course, as with any 1C regulator, exceed- 
ing the maximum input to output voltage differential 
causes the internal transistors to break down and none of 
the protection circuitry is functional. 


D1 

1N4002 

(OPTIONAL) 


V| N - 


W 1 

IN LT1083 OUT 

ADJ 

J 

n 


■ C ADJ 
* 10(JF 


■ VoUT 

R1 CoUT 

150pF 


X 


Overload Recovery 

Like any of the 1C power regulators, the LT1083 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1083 
protection is designed to provide some output current at 
all values of input-to-output voltage up to the device 
breakdown. 


When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large 
output currents. With high input voltage, a problem can 
occur wherein removal of an output short will notallowthe 
output voltage to recover. Older regulators, such as the 
7800 series, also exhibited this phenomenon, so it is not 
unique to the LT1083. 
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The problem occurs with a heavy output load when the 
input voltage is high and the output voltage is low, such as 
immediately after removal of a short. The load line for such 
a load may intersect the output current curve at two points. 
If this happens, there are two stable output operating 
points for the regulator. With this double intersection, the 
power supply may need to be cycled down to zero and 
brought up again to make the output recover. 

Ripple Rejection 

The typical curves for ripple rejection reflect values for a 
bypassed adjustment pin. This curve will be true for all 
values of output voltage. For proper bypassing and ripple 
rejection approaching the values shown, the impedance of 
the adjust pin capacitor at the ripple frequency should be 
less than the value of R1 , (normally 1 0OQ to 1 20Q). The 
size of the required adjust pin capacitor is a function of the 
input ripple frequency. At 120Hz the adjust pin capacitor 
should be 25piF if R1 = 100£2. At 10kHz only 0.22pF is 
needed. 

For circuits without an adjust pin bypass capacitor, the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (Vout/Vref)- For example, 
with the output voltage equal to 5 V and no adjust pin 
capacitor, the output ripple will be higher by the ratio of 5W 
1.25V or four times larger. Ripple rejection will be de- 
graded by 1 2dB f rom the value shown on the typical curve. 

Output Voltage 

The LT1083 develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 1). By 
placing a resistor R1 between these two terminals, a 
constant current is caused to flow through R1 and down 
through R2 to set the overall output voltage. Normally this 
current is the specified minimum load current of 10mA. 
Because I A dj is very small and constant when compared 
with the currentthrough R1 , it represents a small errorand 
can usually be ignored. 



Figure 1. Basic Adjustable Regulator 


Load Regulation 

Because the LT1083 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regu- 
lation will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the 
package. Negative side sensing is a true Kelvin connec- 
tion, with the bottom of the output divider returned to the 
negative side of the load. Although it may not be immedi- 
ately obvious, best load regulation is obtained when the 
top of the resistor divider R1 is connected directly to the 
case not to the load. This is illustrated in Figure 2. If R1 
were connected to the load, the effective resistance be- 
tween the regulator and the load would be: 


Rp x 


r R2 + R1 A 


R1 


-Rp 


= Parasitic Line Resistance 


Rp 



Figure 2. Connections for Best Load Regulation 
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Connected as shown, Rp is not multiplied by the divider 
ratio. Rp is about 0.004a per foot using 16-gauge wire. 
This translates to 4mV/ft at 1A load current, so it is 
important to keep the positive lead between regulator and 
load as short as possible and use large wire or PC board 
traces. 

Thermal Considerations 

The LT1083 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction-to-case, case- 
to-heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance and 
maximum junction temperature for both the Control Sec- 
tionand the Power Transistor. Previous regulators, with a 
single junction-to-case thermal resistance specification, 
used an average of the two values provided here and 
therefore could allow excessive junction temperatures 
under certain conditions of ambient temperature and heat 
sink resistance. To avoid this possibility, calculations 
should be made for both sections to ensure that both 
thermal limits are met. 

Junction-to-case thermal resistance is specified from the 
1C junction to the bottom of the case directly below the die. 
This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Thermal 


compound at the case-to-heat sink interface is strongly 
recommended. If the case of the device must be electri- 
cally isolated, a thermally conductive spacer can be used, 
as long as its added contribution to thermal resistance is 
considered. Note that the case of all devices in this series 
is electrically connected to the output. 

For example, using an LT1 083CK (TO-3, Commercial) and 
assuming: 

% (max continuous) = 9V, Vout = 5V, Iout = 6A, 

T A = 75°C, ©HEAT SINK = 1°C/W, 

©case-to-heat sink = 0.2°C/W for K package with 
thermal compound. 

Power dissipation under these conditions is equal to: 

Pd = (Vin-V 0 ut)(Iout) = 24W 
Junction temperature will be equal to: 

Tj = T a + Pd (©heat sink + ©case-to-heat sink + ©jc) 
For the Control Section: 

Tj = 75°C + 24W (1 °C/W + 0.2°C/W + 0.6°C/W) = 1 1 8°C 
118°C < 125°C = Tjmax (Control Section 
Commercial Range) 

For the Power Transistor: 

Tj = 75°C + 24W (1 °C/W + 0.2°C/W + 1 ,6°C/W) = 142°C 
142°C < 150°C = Tjmax (Power Transistor 
Commercial Range) 

In both cases the junction temperature is below the 
maximum rating for the respective sections, ensuring 
reliable operation. 
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7.5A Variable Regulator 
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*1% FILM RESISTOR 
L: DALE TO-5 TYPE 
T2: STANCOR 11Z-2003 

GENERAL PURPOSE REGULATOR WITH SCR PREREGULATOR 
TO LOWER POWER DISSIPATION. ABOUT 1.7V DIFFERENTIAL 
IS MAINTAINED ACROSS THE LT1083 INDEPENDENT OF OUTPUT 
VOLTAGE AND LOAD CURRENT 


LT1083/4/5 ADJ TA05 
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Paralleling Regulators 



Improving Ripple Rejection 



*C1 IMPROVES RIPPLE REJECTION. 

X c SHOULD BE < R1 AT RIPPLE FREQUENCY iobvmadjtam 



Remote Sensing 
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High Efficiency Regulator with Switching Preregulator 



1.2V to 15V Adjustable Regulator 5V Regulator with Shutdown* 



‘NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 

tv 0U T = 1.25v|l + Mj 



Automatic Light Control 



Protected High Current Lamp Driver 
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TECHNOLOGY 3A, 5A, 7.5A Low Dropout 

Positive Fixed Regulators 


FCRTURCS 

■ Three-Terminal 5V and 12V 

■ Output Current of 3A, 5A or 7.5A 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ Line Regulation: 0.015% 

■ Load Regulation: 0.1% 

■ 100% Thermal Limit Functional Test 

■ Adjustable Versions Available 

rppiicrtiors 

■ High Efficiency Linear Regulators 

■ Post Regulators for Switching Supplies 

■ Constant Current Regulators 

■ Battery Chargers 


DEVICE 

OUTPUT CURRENT* 

LT1083 

7.5 Amps 

LT1084 

5.0 Amps 

LT1085 

3.0 Amps 


*For a 1.5A low dropout regulator see the LT1086 data sheet. 


DCSCRIPTIOR 

The LT1083 series of positive adjustable regulators are 
designed to provide 3A, 5A and 7.5A with higher efficiency 
than currently available devices. All internal circuitry is 
designed to operate down to 1 V inputto output differential 
and the dropout voltage is fully specified as a function of 
load current. Dropout is guaranteed ata maximum of 1 .5V 
at maximum output current, decreasing at lower load 
currents. On-chip trimming adjusts the output voltage to 
1%. Current limit is also trimmed, minimizing the stress 
on both the regulator and power source circuitry under 
overload conditions. 

The 1083 series devices are pin compatible with older 
three-terminal regulators. A 10pF output capacitor is 
required on these new devices; however, this is usually 
included in most regulator designs. 

Unlike PNP regulators, where up to 10% of the output 
current is wasted as quiescent current, the LT1083 quies- 
cent current flows into the load, increasing efficiency. 
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5V, 7.5A Regulator 


Dropout Voltage vs Output Current 


V| N > 6.5V 


5VAT7.5A 



‘REQUIRED FOR STABILITY 


LT1 083/4/5 TA01 



OUTPUT CURRENT (A) 


1083/4/5 TA02 
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Power Dissipation Internally Limited 

Input Voltage (Note 1) 30V 

Operating Input Voltage 

3.3V, 3.6V Devices 20V 

5 V Devices 20V 

12V Devices 25V 

Operating Junction Temperature Range 
“C” Grades 

Control Section 0 c C to 125°C 

Power Transistor 0°C to 150°C 

“M” Grades 

Control Section -55°C to 1 50°C 

Power Transistor -55°C to 200°C 


Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note 1: Although the devices maximum operating voltage is limited, (20V 
for a 3 V, 5 V device, and 25 V for a 12V device) the devices are guaranteed 
to withstand transient input voltages up to 30V. For input voltages greater 
than the maximum operating input voltage some degradation of 
specifications will occur. For input/output voltage differentials greater than 
15V, a minimum external load of 5mA is required to maintain regulation. 


PRCCOODITIOninG 

100% Thermal Limit Functional Test. 
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ORDER PART NUMBER 


LT1083CK-5 LT1084MK-5 

LT1 083CK-1 2 LT1084MK-12 
LT1 083MK-5 LT1085CK-5 

LT1083MK-12 LT1085CK-12 
LT1084CK-5 LT1085MK-5 

LT1 084CK-1 2 LT1085MK-12 


FRONT VIEW 

TAB IS 
OUTPUT 


VlN 

VoUT 

GND 


P PACKAGE 

3-LEAD TO-3P PLASTIC 


ORDER PART NUMBER 


LT1083CP-5 
LT1 083CP-1 2 
LT1084CP-5 
LT1084CP-12 


e JA = 35°C/W 


FRONT VIEW 

TAB IS 
OUTPUT 


O • 


T PACKAGE 

3-LEAD PLASTIC T0-220 
0jA = 5O°C/W 


0 ja = 45°C/W 


LT1084CT-3.3 

LT1084CT-5 

LT1084CT-12 

LT1085CT-3.3 

LT1085CT-3.6 

LT1085CT-5 

LT1085CT-12 


FRONT VIEW 


TAB IS 
OUTPUT 


O 


3 

2 

1 


V|N 

VOUT 

GND 


LT1085CM-3.3 
LT1 085CM-3.6 


M PACKAGE 
3-LEAD PLASTIC DD 

0JA = 30°C/W* 

‘WITH PACKAGE SOLDERED TO 0.52IN 2 
COPPER AREA OVER BACKSIDE GROUND 
PLANE OR INTERNAL POWER PLANE. 0 ja CAN 
VARY FROM 20°C/W TO > 40°C/W DEPENDING 
ON MOUNTING TECHNIQUE. 


Consult factory for Industrial grade parts. 


€l€CTRICRl CHRRRCTCRISTICS 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Output Voltage 

LT1 084-3.3 Iqut = 0mA, Tj = 25°C, V )N = 8V (K Package Only) 


3.270 3.300 3.330 

V 


0 < l 0UT < 5A, 4.8V < V| N < 15V (Note 8) 

• 

3.235 3.300 3.365 

V 


LT1 085-3.3 V| N = 5V, I 0U t = 0mA, Tj = 25°C (K Package Only) 


3.270 3.300 3.330 

V 


4.8V < V| N < 15V, 0 < Iqut < 3A (Note 8) 

• 

3.235 3.300 3.365 

V 


LT1 085-3.6 VlN = 5V, I 0U t = 0mA, Tj = 25°C (K Package Only) 


3.564 3.600 3.636 

V 


5V < V| N < 1 5V, 0 < Iqut ^ 3A (Note 8) 

• 

3.500 3.672 

V 


5V < V| N < 1 5V, 0 < Iqut ^ 3A, TJ > 0°C (Note 8) 


3.528 3.672 

V 
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€l€CTRICfll CHRRRCT6RISTICS 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

LT1 085-3.6 

5V < V| N < 15V, 0 < lour < 2.5A (Note 8) 

• 

3.528 


3.672 

V 



Vin = 4.75V, I 0U t = 3A, Tj > 0°C 


3.350 


3.672 

V 



V| N = 4.75V, l 0U T = 2.5A, Tj > 0°C 


3.450 


3.672 

V 



V| N = 4.75V, Iqut = 1 -5A, Tj > 0°C 


3.528 


3.672 

V 


LT1 083/4/5-5 

Iout = 0mA, Tj = 25°C, Vin = 8 V (K Package Only) 


4.950 

5.000 

5.050 

V 



0 < Iout ^ IfulloaDi 6.5V < V||\j < 20V (Notes 3, 5, 6, 8) 


4.900 

5.000 

5.100 

V 


LT1 083/4/5-1 2 

Iqut = 0mA, Tj = 25°C, V !N = 15V (K Package Only) 


11.880 

12.000 

12.120 

V 



0 < Iqut ^ Ifulload- 13.5V < V||\| < 25 V (Notes 3, 5, 6, 8) 


11.760 

12.000 

12.240 

V 

Line Regulation 

LT1 084-3.3 

Iout = 0mA, Tj = 25°C, 4.8V < V, N < 15V 



0.5 

6 

mV 






1.0 

6 

mV 


LT1 085-3.3 

4.8V < V| N < 1 5V, Iout = 0mA, Tj= 25°C 



0.5 

6 

mV 






1.0 

6 

mV 


LT1 085-3.6 

4.8V < V| N < 15V, Iout = 0mA, Tj= 25°C 



0.5 

6 

mV 




• 


1.0 

6 

mV 


LT1 083/4/5-5 

Iout = 0mA, Tj = 25°C, 6.5V < V, N < 20 V (Notes 1 , 2) 



0.5 

10 

mV 




• 


1.0 

10 

mV 


LT1 083/4/5-1 2 

Iout = 0mA, Tj = 25°C, 1 3.5V < V )N < 25V (Notes 1 , 2) 



1.0 

25 

mV 




• 


2.0 

25 

mV 

Load Regulation 

LT1 084-3.3 

Vin = 5V, 0 < l 0U T ^ 5A, Tj = 25°C 



3 

15 

mV 




• 


7 

20 

mV 


LT1 085-3.3 

V| N = 5V,0<l 0 uT<3A,Tj = 25 o C 



3 

15 

mV 




• 


7 

20 

mV 


LT1 085-3.6 

V| N = 5.25V, 0< l 0UT <3A, Tj = 25°C 



3 

15 

mV 




• 


7 

20 

mV 


LT1 083/4/5-5 

Vim = 8V, 0 < Iout ^ Ifullload, Tj = 25°C (Notes 1,2,3, 5) 



5 

20 

mV 




• 


10 

35 

mV 


LT1 083/4/5-1 2 

V|i\i = 1 5V, 0 < Iout ^ Ifullload, Tj = 25°C (Notes 1,2,3, 5) 



12 

36 

mV 




• 


24 

72 

mV 

Dropout Voltage 

LT1 084/5-3.3 

AVqut = 33mV, Iout = Ifull load (Notes 4, 5) 

• 


1.3 

1.5 

V 


LT1 085-3.6 

aVqut = 36mV, Iout = Ifull load (Motes 4, 5) 

• 


1.3 

1.5 

V 


LT1 083/4/5-5 

AVqut = 50mV, Iout = Ifull load (Notes 4, 5) 

• 


1.3 

1.5 

V 


LT1 083/4/5-1 2 

aVout = 120mV, Iout = Ifull load (Notes 4, 5) 

• 


1.3 

1.5 

V 

Current Limit 

LT1 083-5 

V| N = 10V 

• 

8.0 

9.5 


A 


LT 1 083-1 2 

V,m = 17V 

• 

8.0 

9.5 


A 


LT1 084-3.3 

V,m = 8V 

• 

5.5 

6.5 


A 


LT1 084-5 

V| N = 10V 

• 

5.5 

6.5 


A 


LT1084-12 

V,N = 17V 

• 

5.5 

6.5 


A 


LT1 085-3.3/3.6 

V, N = 8V 

• 

3.2 

4.0 


A 


LT1 085-5 

V| N = 10V 

• 

3.2 

4.0 


A 


LT1085-12 

V, n = 17V 

• 

3.2 

4.0 


A 

Quiescient Current 

LT1 084-3.3 

V, N = 18V 

• 


5.0 

10.0 

mA 


LT1 085-3.3 

V| N = 18V 

• 


5.0 

10.0 

mA 


LT1 085-3.6 

Vim = 18V 

• 


5.0 

10.0 

mA 


LT1 083/4/5-5 

V, N < 20V 

• 


5.0 

10.0 

mA 


LT1 083/4/5-1 2 

Vim < 25V 

• 


5.0 

10.0 

mA 

Thermal Regulation 

LT1 083-5/1 2 

Ta = 25°C, 30ms pulse 



0.002 

0.010 

%/W 


LT1 084-3.3/5/1 2 




0.003 

0.015 

%/W 


LT1 085-3.3/3.6/5/1 2 



0.004 

0.020 

%/W 

Ripple Rejection 

f = 120Hz, C 0U T = 

25jiF Tantalum, Iqut = Ifullload 







LT1 084-3.3 

f = 120Hz, Cqut = 25pF Tantalum, Iqut = 5A, Vjivj = 6.3V 

• 

60 

72 


dB 


/TIUTO 
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ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS | 

MIN TYP MAX 

UNITS 

Ripple Rejection 

LT1 085-3.3 f = 120Hz, C 0 ut = 25pF Tantalum, V, N = 6.3V, I 0U t = 3A 

• 

60 72 

dB 


LT1 085-3.6 f = 120Hz, C 0 ut = 25|aF Tantalum, V| N = 6.6V, I 0U t = 3A 

• 

60 72 

dB 


LT1 083/4/5-5 V (N = 8V (Note 5) 

• 

60 68 

dB 


LT1 083/4/5-1 2 V| N = 15V (Note 5) 

• 

54 60 

dB 

Temperature Stability 


• 

0.5 

% 

Long Term Stability 

T a = 125°C, 1000 Hrs. 


0.03 1.0 

% 

RMS Output Noise 

T a = 25°C, 




(% of V 0UT ) 

10Hz = <f< 10kHz 


0.003 

% 

Thermal Resistance 

Control Circuitry/Power Transistor (See Applications Information) 




Junctrion-to-Case 

LT1083 K Package 


0.6/1 .6 

°C/W 


P Package 


0.5/1 .6 

°c/w 


LT1084 K Package 


0.75/2.3 

°c/w 


P Package 


0.65/2.3 

°c/w 


T Package 


0.65/2.7 

°c/w 


LT1085 K Package 


0.9/3.0 

°c/w 


T Package 


0.7/3. 0 

°c/w 


DD Package 


0.7/3.0 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output voltage 
due to heating effects. Load and line regulation are measured at a constant 
junction temperature by low duty cycle pulse testing. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation (60Wforthe LT1083, 45Wforthe LT1084 (K, P), 30Wforthe 
LT1084 (T) and 30W for the LT1085). Power dissipation is determined by 
the input/output differential and the output current. Guaranteed maximum 
power dissipation will not be available over the full input/output range. 

Note 3: Ifullload is defined in the current limit curves. The Ifullload 
curve is defined as the minimum value of current limit as a function of 


input to output voltage. Note that the 60W power dissipation for the 
LT1 083 (45W for the LT1 084 (K, P), 30W for the LT1 084 (T), 30W for the 
LT1085) is only achievable over a limited range of input to output voltage. 
Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Note 5: For LT1083 Ifull load is 5A for -55°C < Tj < -40°C and 7.5A for 
Tj >-40°C. 

Note 6: 1 .7V < (V iN - V 0U t) £ 25V for LT1 084 at -55°C < Tj < - 40°C. 
Note 7: Dropout voltage 1.7V maximum for LT1084 at -55 <Tj <-40°C. 
Note 8: Full load current is not available at all input-output voltages. 

See Notes 2,3,5. 


TYPICAL PERFORmAACE CHARACTERISTICS 


LT1083 Dropout Voltage 



OUTPUT CURRENT (A) 

LT1 083/4/5 FIXED G01 


LT1083 Short-Circuit Current 



0 5 10 15 20 25 30 35 

INPUT/OUTPUT DIFFERENTIAL (V) 

LT 1083/4/5 FIXED G02 


LT1083 Load Regulation 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

LT1 083/4/5 FIXED G03 
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RIPPLE REJECTION (dB) MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) MINIMUN INPUT/OUTPUT DIFFERENTIAL (V) 


LT1 083/LT1 084/LT1 085 Fixed 


TVPICfll P€RFORmnnC€ CHRRRCTCRISTICS 


LT1084 Dropout Voltage LT1084 Short Circuit Current LT1084 Load Regulation 



OUTPUT CURRENT (A) INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 


LT1085 Dropout Voltage LT1085 Short-Circuit Current LT1085 Load Regulation 



OUTPUT CURRENT (A) INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 


LT1 083/4/5-5 Ripple Rejection 

LT1 083/4/5-5 Ripple Rejection vs Current Temperature Stability 



JLTUm 
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LT1 083/4/5-12 Ripple Rejection 
LT1 083/4/5-1 2 Ripple Rejection vs Current 



LT1083 Maximum Power 
Dissipation* 



CASE TEMPERATURE (°C) 

* AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 

LT1 083/4/5 FIXED G15 


LT1084 Maximum Power 
Dissipation* 



0 I I I I I I I L_*_J I 31 

50 60 70 80 90 100 110 120 130 140 150 


CASE TEMPERATURE (°C) 

* AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 

LT1083/4/5 FIXED G16 


LT1085 Maximum Power 
Dissipation* 



CASE TEMPERATURE (°C) 

* AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 

LT1 083/4/5 FIXED G17 
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APPucnTions mFonmnnon 

The LT1083 family of three-terminal regulators are easy to 
use and have all the protection features that are expected 
in high performance voltage regulators. They are short 
circuit protected, have safe area protection as well as 
thermal shutdown to turn off the regulator should the 
temperature exceed about 165°C. 

These regulators offer lower dropout voltage and more 
precise reference tolerance. Further, the reference stabil- 
ity with temperature is improved over older types of 
regulators. The only circuit difference between using the 
LT1 083 family and older regulators is that they require an 
output capacitor for stability. 

Stability 

The circuit design used in the LT1083 family requires the 
use of an output capacitor as part of the device frequency 
compensation. Forall operating conditions, the addition of 
150pF aluminum electrolytic or a 22pF solid tantalum on 
the output will ensure stability. Normally capacitors much 
smaller than this can be used with the LT1083. Many 
different types of capacitors with widely varying charac- 


teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ±100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 1 50pF or 22pF values given will ensure stability. 

Normally, capacitor values on the order of 1 OOpF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitance further improve stability and transient 
response of the LT1083 regulators. 

Another possible stability problem that can occur in mono- 
lithic 1C regulators is current limit oscillations. These can 
occur because in current limit the safe area protection 
exhibits a negative impedance. The safe area protection 
decreases the current limit as the input-to-output voltage 
increases.That is the equivalent of having a negitive resis- 
tance since increasing voltage causes current to decrease. 
Negitive resistance during current limit is not unique to the 
LT1083 series and has been present on all power 1C 
regulators. The value of negative resistance is a function 
of how fast the current limit is folded back as input-to- 
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flppucnTions mFonmnnon 

output voltage increases. This negative resistance can 
react with capacitors or inductors on the input to cause 
oscillations during current limiting. Depending on the 
value of series resistance, the overall circuitry may end up 
unstable. Since this is a system problem, it is not neces- 
sarily easy to solve; however it does not cause any prob- 
lems with the 1C regulator and can usually be ignored. 


Protection Diodes 


In normal operation the LT1 083 family does not need any 
protection diodes, The internal diode between the input 
and the output pins of the LT1083 family can handle 
microsecond surge currents of 50A to 100A. Even with 
large output capacitances it is very difficult to get those 
values of surge current in normal operation. Only with high 
value output capacitors, such as IOOOuF to 5000pF and 
with the input pin instantaneously shorted to ground, can 
damage occur. A crowbar circuit at the input of the LT 1 083 
can generate those kinds of currents and a diode from 
output-to-input is then recommended. Normal powersup- 
ply cycling or even plugging and unplugging in the system 
will not generate currents large enough to do any damage. 


D1 

1N4002 

(OPTIONAL) 



Overload Recovery ~ 

Like any of the 1C power regulators, the LT 1 083 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1083 
protection is designed to provide some output current at 
all values of input-to-output voltage up to the device 
breakdown. 

When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulatorto start 
up into very heavy loads. During the start-up, as the input 


voltage is rising, the input-to-output voltage differential 
remains small allowing the regulator to supply large 
output currents. With high input voltage a problem can 
occur wherein removal of an output short will not allow the 
output voltage to recover. Older regulators such as the 
7800 series, also exhibited this phenomenon so it is not 
unique to the LT1083. 

The problem occurs with a heavy output load when the 
input voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens there are two stable output operat- 
ing points for the regulator. With this double intersection 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 

Ripple Rejection 

In applications that require improved ripple rejection the 
LT1 083 series adjustable regulators should be used. With 
LT1083 series adjustable regulators the addition of a 
bypass capacitor from the adjust pin to ground will reduce 
output ripple by the ratio of Vqut/1.25V. See LT1083 
series adjustable regulator data sheet. 

Load Regulation 

Because the LT1083 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regu- 
lation will not be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for the load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the ground pin of the device 
returned to the negative side of the load. 

Thermal Considerations 

The LT1083 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction-to-case, case- 
to-heat sink interface, and heat sink resistance itself. New 
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thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance and 
maximum junction temperature for both the Control Sec- 
tion and the Power Section. Previous regulators, with a 
single junction-to-case thermal resistance specification, 
used an average of the two values provided here and 
therefore could allow excessive junction temperatures 
under certain conditions of ambient temperature and heat 
sink resistance. To avoid this possibility, calculations 
should be made for both sections to ensure that both 
thermal limits are met. 

Junction-to-case thermal resistance is specified from the 
1C junction to the bottom of the case directly below the die. 
This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Thermal 
compound at the case-to-heat sink interface is strongly 
recommended. If the case of the device must be electroni- 
cally isolated, a thermally conductive spacer can be used 
as long as its added contribution to thermal resistance is 
considered. Note that the case of all devices in this series 
is electronically connected to the ouput. 


For example, using a LT1083-5CK (TO-3, Commercial) 
and assuming: 

V|N(max continuous) = 9V, Vout = 5 V, Iout = 6A, 

Ta = 75°C 0HEAT SINK = 1°C/W, 

©case-to-heat sink = 0.2°C/W for K package with 
thermal compound. 

Power dissipation under these conditions is equal to: 

P D = (Vin-Vout) (I 0 U t) = 24W 
Junction temperature will be equal to: 

Tj = Ta + Pd (©heat sink + ©case-to-heat sink + ©jc) 
For the Control Section: 

Tj = 75°C + 24W (1°C/W + 0.2°C/W + 0.6°C/W) = 

1 1 8°C 

118°C < 125°C = Tjmax (Control Section Commer- 
cial Range) 

For the Power Transistor: 

Tj = 75°C + 24W (1 °C/W + 0.2°C/W + 1 ,6°C/W) = 
142°C 

142°C < 150°C = Tjmax (Power Transistor Commer- 
cial Range) 

in both cases the junction temperature is below the 
maximum rating for the respective sections, ensuring 
reliable operation. 



TVPicfii Applications 


High Efficiency Regulator 
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Paralleling Regulators 



7.5A Regulator 


T1 

TRIAD 

F-269U 


110VAC 


VAC ^ 


a 

■p 

a 

mm 


T 


1 MF 



*1% FILM RESISTOR 
L-DALE TO-5 TYPE 
T2-STANC0R 11Z-2003 


REGULATOR WITH SCR PREREGULATOR TO 
LOWER POWER DISSIPATION. ABOUT 1.7V 
DIFFERENTIAL IS MAINTAINED ACROSS THE 
LT1083 INDEPENDENT OF LOAD CURRENT. 
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typical applications 


Adjusting Output Voltage 


Regulator with Reference 



V| N > 11.5V- 


T 


LT1 085-5 


1 

T 


100pF 


5V 0 ut -±t 

' LT1029 


LT1 083/4/5 TA07 


Low Dropout Negative Supply 



LT1 083/4/5 TA08 


Battery Backed Up Regulated Supply 
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TECHNOLOGY 1.5A Low Dropout Positive 


Regulators Adjustable and 


Fixed 2.85V 3.3V, 3.6V, 5V 12V 


FCRTURCS 

■ Three-Terminal Adjustable or Fixed 
2.85V, 3.3V, 3.6V, 5V,12V 

■ Output Current of 1 ,5A, (0.5A for LT1086H) 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ Line Regulation: 0.015% 

■ Load Regulation: 0.1% 

■ 100% Thermal Limit Functional Test 

rppucrtiors 

■ SCSI-2 Active Terminator 

■ High Efficiency Linear Regulators 

■ Post Regulators for Switching Supplies 

■ Constant Current Regulators 

■ Battery Chargers 

■ Microprocessor Supply 


DCSCRIPTIOR 

The LT1086 is designed to provide 1.5A with higher 
efficiency than currently available devices. All internal 
circuitry is designed to operate down to IV input-to- 
output differential and the dropout voltage is fully speci- 
fied as a function of load current. Dropout is guaranteed at 
a maximum of 1 .5 V at maximum output current, decreas- 
ing at lower load currents. On-chip trimming adjusts the 
reference/ouput voltage to 1%. Current limit is also 
trimmed, minimizing the stress on both the regulator and 
power source circuitry under overload conditions. 

The LT1086 is pin compatible with older three-terminal 
adjustable regulators. A 1 0pF output capacitor is required 
on these new devices; however, this is usually included in 
most regulator designs. 

A 2.85V output version is offered for SCSI-2 active termi- 
nation. For surface mount applications see the LT1117- 
2.85 data sheet. For high current or lower dropout require- 
ments see the LT1 123-2.85 data sheet. 

Unlike PNP regulators, where up to 10% of the output 
current is wasted as quiescent current, the LT 1 086 quies- 
cent current flows into the load, increasing efficiency. 


TVPICRL RPPUCRTIOfl 


5V to 3.3V Regulator LT1086 Dropout Voltage 



0 0.5 1 1.5 

OUTPUT CURRENT (A) 


LT1086.TA02 
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LT1086 Series 


rbsolutc mnximum RimnGs 


Power Dissipation Internally Limited 

Input Voltage (Note 1) 30V 

Operating Input Voltage 

Adjustable Devices 25 V 

2.85V Devices 18V 

3.3V, 3.6V, and 5 V Devices 20V 

12V Devices 25V 

Operating Junction Temperature Range 
“C” Grades 

Control Section 0°C to 125°C 

Power T ransistor 0°C to 1 50°C 

“M” Grades 

Control Section -55°C to 150°C 

Power Transistor -55°C to 200°C 


Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note 1: Although the device’s maximum operating voltage is limited, (18V 
for a 2.85V device, 20V for a 5 V device, and 25 V for adjustable and 
12V devices) the devices are guaranteed to withstand transient input 
voltages up to 30V. For input voltages greater than the maximum 
operating input voltage some degradation of specifications will occur. For 
5 V and 12V devices operating at input/output voltage differentials greater 
than 15V, a minimum external load of 5mA is required to maintain 
regulation. 

pRcconDiTioninG 

100% Thermal Shutdown Functional Test. 


PRCKAG€/ORD€R IRFORmATIOR 


BOTTOM VIEW 



ORDER 

PART NUMBER 


LT1086MH 


FRONT VIEW 


1 V| N 

H VouT 

] ADJ 
(GND)* 

M PACKAGE 
3-LEAD PLASTIC DD 



ORDER 

PART NUMBER 


LT1086CM 

LT1086CM-3.3 

LT1086CM-3.6 


H PACKAGE 

3-LEAD TO-39 METAL CAN 
e JA = i50°c/w 


e JA = 30°c/w** 

WITH PACKAGE SOLDERED TO 0.5IN 2 COPPER AREA 
OVER BACKSIDE GROUND PLANE OR INTERNAL POWER 
PLANE. 0 JA CAN VARY FROM 20°C/W TO >40°C/W 
DEPENDING ON MOUNTING TECHNIQUE. 


BOTTOM VIEW 



0j A = 35°C/W 


ORDER 

PART NUMBER 


LT1086CK 

LT1086CK-5 

LT1086CK-12 

LT1086MK 

LT1086MK-5 

LT1086MK-12 


TAB IS 
OUTPUT 


FRONT VIEW 


o * 


T PACKAGE 

3-LEAD PLASTIC TO-220 
0 ja = 5O o C/W 


ORDER 

PART NUMBER 


V|N 

V OUT 

ADJ 

(GND)' 


LT1086CT 

LT1086CT-2.85 

LT1086CT-3.3 

LT1086CT-3.6 

LT1086CT-5 

LT1086CT-12 


"For fixed versions. 


Consult factory for Industrial grade parts. 
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LT1086 Series 


€l€CTRICni CHRRRCT6RISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference Voltage 

LT1086, LT1086H 

Iout = 1 0mA, Tj = 25°G, (V, N - V 0U t) = 3V (K Package Only) 


1.238 

1.250 

1.262 

V 

(Note 2) 


1 0mA < Iout < 1 -5A, (0.5A for LT1 086H), 1 .5V < (V, N - V 0U t) < 1 5V 

• 

1.225 

1.250 

1.270 

V 

Output Voltage 

LT1 086-2.85 

Iout = 0mA, Tj = 25°C, V !N = 5 V (K Package Only) 


2.82 

2.85 

2.88 

V 

(Note 2) 


0V < Iqut < 1.5A, 4.35V <V, N < 18V 

• 

2.79 

2.85 

2.91 

V 


LT1 086-3.3 

Vin = 5V, Iqut = 0mA, Tj = 25°C (K Package Only) 


3.267 

3.300 

3.333 

V 



4.75V <V|m< 15V, 0V < l 0UT < 1.5A 

• 

3.235 

3.300 

3.365 

V 


LT1 086-3.6 

Vin = 5V, Iqut = 0mA, Tj = 25°C 


3.564 

3.600 

3.636 

V 



5V<V| N <18V,0<Iout^15A 

• 

3.500 


3.672 

V 



4.75V < V| N < 18V, 0 < Iout ^ 1A, Tj > 0°C 


3.500 


3.672 

V 



V| N = 4.75V, l 0U T = 1 5A, Tj > 0°C 


3.300 


3.672 

V 


LT1 086-5 

Iout = 0mA, Tj = 25°C, V| N = 8 V (K Package Only) 


4.950 

5.000 

5.050 

V 



0<| out <1.5A, 6.5V <V| N < 20V 

• 

4.900 

5.000 

5.100 

V 


LT1 086-12 

Iout = 0mA, Tj = 25°C, V iN = 15V (K Package Only) 


11.880 

12.000 

12.120 

V 



0 < l 0UT < 1.5A.1 3.5V <V, N < 25V 

• 

11.760 

12.000 

12.240 

V 

Line Regulation 

LT1086, LT1086H 

Iload = 10mA, 1 .5V < (V, N - V 0UT ) ^ 15V, Tj = 25°C 



0.015 

0.2 

% 




• 


0.035 

0.2 

% 


LT1 086-2.85 

Iout = 0mA, Tj = 25°C, 4.35V < V !N < 18V 



0.3 

6 

mV 




• 


0.6 

6 

mV 


LT1 086-3.3 

4.5V < V, N < 1 8V, Iout = 0mA, Tj = 25°C 



0.5 

10 

mV 




• 


1.0 

10 

mV 


LT1 086-3.6 

4.75V < V| N < 18V, Iout = 0mA, Tj = 25°C 



0.5 

10 

mV 




• 


1.0 

10 

mV 


LT1 086-5 

Iout = 0mA, Tj = 25°C, 6.5V < V iN < 20V 



0.5 

10 

mV 




• 


1.0 

10 

mV 


LT1086-12 

Iout = 0mA, Tj = 25°C, 1 3.5V < V, N < 25V 



1.0 

25 

mV 




• 


2.0 

25 

mV 

Load Regulation 

LT1086, LT1086H 

(Vin - V 0 ut) = 3V, 1 0mA < Iqut ^ 1 -5A, (0.5A for LT1 086H) 








Tj = 25°C (Notes 1,2) 



0.1 

0.3 

% 




• 


0.2 

0.4 

% 


LT1 086-2.85 

V| N = 5V, 0 < Iout ^ 1 5A, Tj = 25°C (Notes 1 , 2) 



3 

12 

mV 




• 


6 

20 

mV 


LT1 086-3.3 

V| N = 5V, 0 < Iout ^ 1 -5A, Tj = 25°C (Notes 1 , 2) 



3 

15 

mV 




• 


7 

25 

mV 


LT1 086-3.6 

V| N = 5.25V, 0 < Iout ^ 1 -5A, Tj = 25°C (Notes 1 , 2) 



3 

15 

mV 




• 


6 

25 

mV 



V| N = 5V,0<I OUT <1A, Tj = 25°C 



2 

15 

mV 




• 


4 

25 

mV 


LT1 086-5 

V| N = 8V, 0 < Iout ^ 1 -5A, Tj = 25°C (Notes 1 , 2) 



5 

20 

mV 




• 


10 

35 

mV 


LT1086-12 

V| N = 15V, 0 < Iqut ^ 1 -5A, Tj = 25°C (Notes 1,2) 



12 

36 

mV 




• 


24 

72 

mV 

Dropout Voltage 

LT1 086/-2.85/-3.3/-3.6/-5/-1 2 AVqut. AV ref = 1%, Iqut = 15A (Note 3) 

• 


1.3 

1.5 

V 

(Vin - Vqut) 









LT1086H 

AVref = 1%, Iqut = 0.5A (Note 3) 

• 


0.95 

1.25 

V 


jrru nm 

TECHNOLOGY 


4-74 
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CltCTRICAl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Current Limit 

LT1 086/-2 . 85/-3 .3/-3 . 6/-5/-1 2 (V )N - V 0U t) = 5V 

• 

1.50 

2.00 

2.8 

A 



(Vin -Vout) = 25V 

• 

0.05 

0.15 


A 


LT1086H 

(Vin-V 0U t) = 5V 

• 

0.50 

0.700 

1.2 

A 



(Vin - Voui) = 25V 

• 

0.02 

0.075 


A 

Minimum Load Current 

LT1086/LT1086H 

(Vin-Vout) = 25V (Note 4) 

• 


5 

10 

mA 

Quiescient Current 

LT1 086-2.85 

Vim < 18V 

• 


5 

10 

mA 


LT1 086-3.3 

V| N < 18V 

• 


5 

10 

mA 


LT1 086-3.6 

V| N <18V 

• 


5 

10 

mA 


LT1 086-5 

V| N < 20V 

• 


5 

10 

mA 


LT1086-12 

Viisi < 25V 

• 


5 

10 

mA 

Thermal Regulation 

T a = 25°C, 30ms pulse 



0.008 

0.04 

%/W 

Ripple Rejection 

f = 120Hz, C 0U t = 

25pF Tantalum, I 0U t = 1 -5A, (I 0U t = 0.5A for LT1 086H) 







LT1086, LT1086H 

C ADJ = 25pF , (V, N - V 0UT ) = 3V 

• 

60 

75 


dB 


LT1 086-2.85 

V| N = 6V 

• 

60 

72 


dB 


LT1 086-3.3 

V| N = 6.3V 

• 

60 

72 


dB 


LT1 086-3.6 

V| N = 6.6V 

• 

60 

72 


dB 


LT1 086-5 

Vin = 8V 

• 

60 

68 


dB 


LT1083-12 

V,n = 15V 

• 

54 

60 


dB 

Adjust Pin Current 

LT1086, LT1086H 

Tj = 25°C 



55 


pA 




• 



120 

pA 

Adjust Pin Current 

LT1086, LT1086H 

1 0mA < Iout < 1 .5A, (0.5A for LT1 086H) 





pA 

Change 


1.5V <(V| N -V out )< 15V 

• 


0.2 

5 


Temperature Stability 


• 

0.5 

% 

Long Term Stability 

T a = 125°C, 1000 Hrs. 



0.3 

1 

% 

RMS Output Noise 
(% of V 0 U t) 

T a = 25°C, 10Hz = 

<f< 10kHz 


0.003 

% 

Thermal Resistance 

H Package: Control Circuitry/Power Transistor 




15/20 

°C/W 

Junction-to-Case 

K Package: Control Circuitry/Power Transistor 




1. 7/4.0 

°c/w 


M Package: Control Circuitry/Power Transistor 




1. 5/4.0 

°c/w 


T Package: Control Circuitry/Power Transistor 




1. 5/4.0 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output voltage 
due to heating effects. Line and load regulation are measured at a constant 
junction temperature by low duty cycle pulse testing. Load regulation is 
measured at the output lead *1/8" from the package. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation of 15W (3W for the LT1086H). Power dissipation is determined 


by the input/output differential and the output current. Guaranteed 
maximum power dissipation will not be available over the full input/output 
range. See Short-Circuit Current curve for available output current. 

Note 3: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Note 4: Minimum load current is defined as the minimum output current 
required to maintain regulation. At 25V input/output differential the device 
is guaranteed to regulate if the output current is greater than 1 0mA. 
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RIPPLE REJECTION (dB) OUTPUT VOLTAGE CHANGE (%) SHORT-CIRCUIT CURRENT (A) 


LT1086 Series 

TYPICAL PCAFORmnnCC CHARACTERISTICS 


LT1086 Short-Circuit Current 

2.5 

2.0 

1.5 

1.0 

0.5 


0 

0 5 10 15 20 25 30 

INPUT/OUTPUT DIFFERENTIAL (V) 



Minimum Operating Current 

LT1086 Load Regulation (Adjustable Device) 



-50 -25 0 25 50 75 100 125 150 0 5 10 15 20 25 30 35 


TEMPERATURE (°C) 


INPUT/OUTPUT DIFFERENTIAL (V) 


Temperature Stability 



TEMPERATURE (°C) 


LT1086 • TPC04 


Adjust Pin Current 



TEMPERATURE (°C) 

LT1086-TPC05 


LT1086 Maximum Power 
Dissipation* 



50 60 70 80 90 100 110 120 130 140 150 
CASE TEMPERATURE (°C) 

*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 


LT1086 Ripple Rejection 

LT1 086 Ripple Rejection vs Current LT1 086-5 Ripple Rejection 



10 100 Ik 10k 100k o 0.25 0.5 0.75 1.0 1.25 1.5 10 100 Ik 10k 100k 

FREQUENCY (Hz) OUTPUT CURRENT (A) FREQUENCY (Hz) 
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INPUT VOLTAGE OUTPUT VOLTAGE 

MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) DEVIATION (V) DEVIATION (mV) RIPPLE REJECTION (dB) 


LT1086 Series 


TYPICAL P€RFORmnnC€ CHRRRCTCRISTICS 


LT1086-5 Ripple Rejection LT1086-12 Ripple Rejection 

vs Current LT1086-12 Ripple Rejection vs Current 



0 0.25 0.5 0.75 1.0 1.25 1.5 10 100 Ik 10k 100k 0 0.25 0.5 0.75 1.0 1.25 1.5 

OUTPUT CURRENT (A) FREQUENCY (Hz) OUTPUT CURRENT (A) 

LT1086 *TPC10 LT1 086 • TPC1 1 LT1086-TPC12 


LT1086 Line Transient Response LT1086 Load Transient Response LT1086H Short-Circuit Current 



TIME (ills) TIME (us) INPUT/OUTPUT DIFFERENTIAL (V) 


LT1086H Dropout Voltage 



OUTPUT CURRENT (A) 


LT1086 * TPC16 


LT1086H Load Regulation 



LT1086H Ripple Rejection 
vs Current 



OUTPUT CURRENT (A) 


LT1086 •TPC1J 
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LT1086H Ripple Rejection 

100 

90 
80 

H 70 

I 60 
1 — 

I 50 

m 40 

30 
cc 

20 
10 
0 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 



LT1086*TPC19 


LT1086H Maximum Power 
Dissipation* 

5 


4 

g 3 

cc 

1 , 

a. 2 


1 


0 

50 60 70 80 90 100 110 120 130 140 150 
CASE TEMPERATURE (°C) 

*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 

LT1086-TPC20 
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The LT1086 family of three-terminal regulators is easy to 
use and has all the protection features that are expected in 
high performance voltage regulators. They are short- 
circuit protected, have safe area protection as well as 
thermal shutdown to turn off the regulator should the 
temperature exceed about 165°C at the sense point. 

These regulators are pin compatible with older three- 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer- 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1 086 family and older regulators is that they 
require an output capacitor for stability. 

Stability 

The circuit design used in the LT 1 086 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition of 
1 50|oF aluminum electrolytic or a 22pF solid tantalum on 
the output will ensure stability. Normally capacitors much 
smaller than this can be used with the LT1086. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ±100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 1 50pF or 22pF values given will ensure stability. 

When using the LT1086 the adjustment terminal can be 
bypassed to improve ripple rejection. When the adjust- 
ment terminal is bypassed the requirement for an output 
capacitor increases. The values of 22pF tantalum or 1 50pF 
aluminum cover all cases of bypassing the adjustment 
terminal. For fixed voltage devices or adjustable devices 
without an adjust pin bypass capacitor, smaller output 
capacitors can be used with equally good results and the 
table below shows approximately what size capacitors are 
needed to ensure stability. 


Recommended Capacitor Values 


INPUT 

OUTPUT 

ADJUSTMENT 

IOjiF 

10|oF Tantalum, 50joF Aluminum 

None 

10|aF 

22|aF Tantalum, 1 50jnF Aluminum 

20^F 


Normally, capacitor values on the order of 1 0OpF are used 
in the output of many regulators to ensure good transient 


response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient 
response of the LT1086 regulators. 

Another possible stability problem that can occur in mono- 
lithic 1C regulators is current limit oscillations. These can 
occur because in current limit, the safe area protection 
exhibits a negative impedance. The safe area protection 
decreases the current limit as the input-to-output voltage 
increases.That is the equivalent of having a negitive resis- 
tance since increasing voltage causes currentto decrease. 
Negative resistance during current limit is not unique to 
the LT1086 series and has been present on all power 1C 
regulators. The value of negative resistance is afunction of 
how fast the current limit is folded back as input-to-output 
voltage increases. This negative resistance can react with 
capacitors or inductors on the input to cause oscillation 
during current limiting. Depending on the value of series 
resistance, the overall circuitry may end up unstable. Since 
this is a system problem, it is not necessarily easy to solve; 
however it does not cause any problems with the 1C 
regulator and can usually be ignored. 

Protection Diodes 

In normal operation the LT 1 086 family does not need any 
protection diodes. Older adjustable regulators required 
protection diodes between the adjustment pin and the 
output and from the output to the input to prevent over- 
stressing the die. The internal current paths on the LT1 086 
adjustment pin are limited by internal resistors. Therefore, 
even with capacitors on the adjustment pin, no protection 
diode is needed to ensure device safety under short-circuit 
conditions. 

Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT 1 086 family can handle microsecond surge 
currents of 10A to 20A. Even with large output capaci- 
tances, it is very difficult to get those values of surge 
currents in normal operations. Only with high value output 
capacitors such as 1 OOOpF to 5000pF, and with the input 
pin instantaneously shorted to ground, can damage occur. 
A crowbar circuit at the input of the LT1086 can generate 
those kinds of currents and a diode from output to input is 
then recommended. Normal power supply cycling or even 
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plugging and unplugging in the system will not generate 
current large enough to do any damage. 


The adjustment pin can be driven on a transient basis 
±25V, with respect to the output without any device 
degradation. Of course as with any 1C regulator, exceeding 
the maximum input-to-output voltage differential causes 
the internal transistors to break down and none of the 
protection circuitry is functional. 


D1 

1N4002 

(OPTIONAL) 



Overload Recovery 

Like any of the 1C power regulators, the LT 1 086 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1086 
protection is designed to provide some output current at 
all values of input-to-output voltage up to the device 
breakdown. 

When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulatorto start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large 
output currents. With high input voltage, a problem can 
occur wherein removal of an output short will not allow the 
output voltage to recover. Older regulators such as the 
7800 series also exhibited this phenomenon, so it is not 
unique to the LT1086. 

The problem occurs with a heavy output load when the 
input voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens there are two stable output operat- 
ing points for the regulator. With this double intersection 


the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 

Ripple Rejection 

For the LT1086 the typical curves for ripple rejection 
reflect values for a bypassed adjustment pin. This curve 
will be true for all values of output voltage. For proper 
bypassing and ripple rejection approaching the values 
shown, the impedance of the adjust pin capacitor at the 
ripple frequency should equal the value of R1, (normally 
100ft to 120ft). The size of the required adjust pin 
capacitor is a function of the input ripple frequency. At 
120Hz the adjust pin capacitor should be 13pF if 
R1 = 100ft. At 10kHz only 0.1 6pF is needed. 

For circuits without an adjust pin bypass capacitor the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (Vout/Vref)- For ex- 
ample, with the output voltage equal to 5 V and no adjust 
pin capacitor, the output ripple will be higher by the ratio 
of 5V/1 .25 V or four times larger. Ripple rejection will be 
degraded by 12dB from the value shown on the LT1086 
curve. Typical curves are provided for the 5 V and 12V 
devices since the adjust pin is not available. 


Output Voltage 

The LT1 086 develops a 1 .25V reference voltage between 
the output and the adjust terminal (see Figure 1). By 
placing a resistor R1 between these two terminals, a 
constant current is caused to flow through R1 and down 
through R2to set the overall output voltage. Normally this 
current is chosen to be the specified minimum load 
current of 1 0mA. Because Iadj is very small and constant 
when compared with the current through R1, it repre- 
sents a small error and can usually be ignored. For fixed 
voltage devices R1 and R2 are included in the device. 


VlN- 


IM ITinRK fit IT 



I VREF ^ R1 

il— lOjLtF 

Um , 1 


— j — TANTALUM 

50piA W I 

r= v R ef(i + |jf ) + IadjR2 2. 

1086 • F01 


VOUT 


Figure 1. Basic Adjustable Regulator 
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Load Regulation 

Because the LT1086 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regu- 
lation will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the 
package. Negative side sensing is a true Kelvin connec- 
tion, with the bottom of the output divider returned to the 
negative side of the load. Although it may not be immedi- 
ately obvious, best load regulation is obtained when the 
top of the resistor divider R1 is connected directly to the 
case not to the load. This is illustrated in Figure 2. If R1 
were connected to the load, the effective resistance be- 
tween the regulator and the load would be: 

Rp x ■ n , Rp = Parasitic Line Resistance 



Figure 2. Connections for Best Load Regulation 


Connected as shown Rp is not multiplied by the divider 
ratio. Rp is about 0.004Q per foot using 16-gauge wire. 
This translates to 4mV/ft at 1A load current, so it is 
important to keep the positive lead between regulator and 
load as short as possible and use large wire or PC board 
traces. 

Note that the resistance of the package leads for the H 
package =0.06L2/in. While it is usually not possible to 
connect the load directly to the package, it is possible to 
connect larger wire or PC traces close to the case to avoid 
voltage drops that will degrade load regulation. 

For fixed voltage devices the top of R1 is internally Kelvin 
connected and the ground pin can be used for negative 
side sensing. 


Thermal Considerations 

The LT1086 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction-to-case, case- 
to-heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance and 
maximum junction temperature for both the Control Sec- 
tion and the Power Transistor. Previous regulators, with a 
single junction-to-case thermal resistance specification, 
used an average of the two values provided here and 
therefore could allow excessive junction temperatures 
under certain conditions of ambient temperature and heat 
sink resistance. To avoid this possibility, calculations 
should be made for both sections to ensure that both 
thermal limits are met. 

For example, using a LT1086CK (TO-3, Commercial) and 
assuming: 

ViN(max continuous) = 9 V, Vout = 5 V, Iout = 1 A, 

Ta = 75°C, 0HEAT SINK = 3°C/W, 
ecASE-TO-HEAT sink = 0.2°C/W for K package with 
thermal compound. 

Power dissipation under these conditions is equal to: 

Pd = (Vin - Vout) (Iout) = 4W 
Junction temperature will be equal to: 

Tj = Ta + Pq (©heat sink + Qcase-to-heat sink + Qjc) 
For the Control Section: 

Tj = 75°C + 4W (3°C/W + 0.2°C/W + 0.7°C/W) = 95°C 
95°C < 125°C = Tjmax (Control Section 
Commercial Range) 

For the Power Transistor: 

Tj = 75°C + 4W (3°C/W + 0.2°C/W + 4°C/W) = 1 03.8°C 
103.8°C < 150°C = Tjmax (Power Transistor 
Commercial Range) 
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In both cases the junction temperature is below the 
maximum rating for the respective sections, ensuring 
reliable operation. 

Junction-to-case thermal resistance for the K and T pack- 
ages is specified from the 1C junction to the bottom of the 
case directly below the die. This is the lowest resistance 
path for heat flow. While this is also the lowest resistance 
path for the H package, most available heat sinks for this 
package are of the clip-on type that attach to the cap of the 
package. The data sheet specification for thermal resis- 
tance for the H package is therefore written to reflect this. 
In all cases proper mounting is required to ensure the best 
possible heat flow from the die to the heat sink. Thermal 
compound at the case-to-heat sink interface is strongly 
recommended. In the case of the H package, mounting the 


device so that heat can flow out the bottom of the case will 
significantly lower thermal resistance (~ a factor of 2). If 
the case of the device must be electrically isolated, a 
thermally conductive spacer can be used as long as its 
added contribution to thermal resistance is considered. 
Note that the case of all devices in this series is electrically 
connected to the output. 


5V, 1.5A Regulator 



TYPICAL APPLICATION 

SCSI-2 Active Termination 


TERMPWR 



1 .2V to 15V Adjustable Regulator 5V Regulator with Shutdown Battery Charger 
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Adjusting Output Voltage of Fixed Regulators Regulator with Reference 



‘OPTIONAL IMPROVES RIPPLE REJECTION 


Remote Sensing 


Protected High Current Lamp Driver 



High Efficiency Dual Linear Supply 



LI = PULSE ENGINEERING, INC. #PE-92106 
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TYPICAL flPPUCOTIOnS 

High Efficiency Dual Supply 


FEEDBACK PATH 



Battery Backed Up Regulated Supply 


Improving Ripple Rejection 




X c SHOULD BE «R1 AT RIPPLE FREQUENCY 


Automatic Light Control 


Improving Ripple Rejection 
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LT1117/LT1117-2.85 
LT 11 1 7-3 . 3/LT 111 7-5 


rrunvfi 

TECHNOLOGY 800mA Low Dropout 

Positive Regulators 
Adjustable and Fixed 2.85V, 

3.3V, 5 V 


FCATURCS 

■ Space Saving SOT-223 Surface Mount Package 

■ Three-Terminal Adjustable or Fixed 2.85V, 3.3V, 5 V 

■ Output Current of 800mA 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ 0.2% Line Regulation Max 

■ 0.4% Load Regulation Max 

APPLICATION 

■ Active SCSI Terminators 

■ High Efficiency Linear Regulators 

■ Post Regulators for Switching Supplies 

■ Battery Chargers 

■ 5 V to 3.3V Linear Regulators 


DCSCRIPTIOA 

The LT1 1 1 7 is a positive low dropout regulator designed 
to provide up to 800mA of output current. The device is 
available in an adjustable version and fixed output voltages 
of 2.85V, 3.3 V and 5V. The 2.85V version is designed 
specifically to be used in Active Terminators for the SCSI 
bus. All internal circuitry is designed to operate down to 1 V 
input to output differential. Dropout voltage is guaranteed 
at a maximum of 1 .2V at 800mA, decreasing at lower load 
currents. On chip trimming adjusts the reference/output 
voltage to within + 1%. Current limit is also trimmed in 
order to minimize the stress on both the regulator and the 
power source circuitry under overload conditions. 

The low profile surface mount SOT-223 package allows 
the device to be used in applications where space is 
limited. The LT1 1 1 7 requires a minimum of 1 0p,F of output 
capacitance for stability. Output capacitors of this size or 
larger are normally included in most regulator designs. 

Unlike PNP type regulators where upto 10% of the output 
current is wasted as quiescent current, the quiescent 
current of the LT1117 flows into the load, increasing 
efficiency. 



TYPICAL APPUCRTIOn 


Active Terminator for SCSI-2 Bus 
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absolute mnximum rrtirgs 


Input Voltage 
Operating Voltage 

LT1117, LT1 1 1 7-3.3, LT1117-5 15V 

LT1 11 7-2.85 10V 

Surge Voltage 

LT1117, LT1 1 17-3.3, LT 111 7-5 20V 


Operating JunctionTemperature Range 0°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (See Soldering Methods) 


PRCKRGE/ORDER IRFORITlATIOn 


FRONT VIEW 

3 □ IN 

2 □ OUT 

1 □ ADJ/GND 
ST PACKAGE 

3-LEAD PLASTIC SOT-223 


TAB IS 
v OUT 


Tjmax = 125°C,0j C = 15°C/W 


ORDER PART 
NUMBER 
LT1117CST 
LT1117CST-2.85 
LT1117CST-3.3 
LT1117CST-5 
PART MARKING 

1117 11173 

11172 11175 


FRONT VIEW 


TAB IS 
VoUT 


3 

O 2 

1 


] IN 

: out 

] ADJ/GND 


M PACKAGE 
3-LEAD PLASTIC DD 


Tj MAX = 1 25°C,0jc = 1 0°C/W 


ORDER PART 
NUMBER 
LT1117CM 
LT1117CM-2.85 
LT1117CM-3.3 
LT1117CM-5 
PART MARKING 

1117 11173 

11172 11175 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference Voltage 

LT1117 

I 0U t = 10mA, (Vim - V 0UT ) = 2V, Tj = 25°C 


1.238 

1.250 

1.262 

V 



1 0 < Iout < 800mA, 1 ,4V < (V, N - V 0U t) < 1 0V 

• 

1.225 

1.250 

1.270 

V 

Output Voltage 

LT1 11 7-2.85 

I 0U t = 10mA, V| N = 4.85V, Tj = 25°C 


2.820 

2.850 

2.880 

V 



0 < Iout ^ 800mA, 4.25V < V tN < 1 0V 


2.790 

2.850 

2.910 

V 



0 < Iout - 500mA, V|n = 3.95V 

• 

2.790 

2.850 

2.910 

V 


LT1 11 7-3.3 

Iout = 10mA, V, N = 5V, Tj = 25°C 


3.267 

3.300 

3.333 

V 



0< l 0UT < 800mA, 4.75V <V !N < 10V 

• 

3.235 

3.300 

3.365 

V 


LT1117-5 

Iout = 10mA, V||\| = 7V, Tj = 25°C 


4.950 

5.000 

5.050 

V 



0 < Iout ^ 800mA, 6.50V < V 1N < 12V 

• 

4.900 

5.000 

5.100 

V 

Line Regulation 

LT1117 

Iout = 1 0mA, 1 .5 V < V )N - V 0U t ^ 1 5V (Note 1 ) 

• 


0.035 

0.2 

% 


LT1 11 7-2.85 

Iout = 0mA, 4.25V < V| N < 10V (Note 1) 

• 


1 

6 

mV 


LT1 11 7-3.3 

Iout = 0mA, 4.75V < V !N < 1 5V (Note 1 ) 

• 


1 

6 

mV 


LT1117-5 

Iout = 0mA, 6.5V < V m < 1 5V (Note 1 ) 

• 


1 

10 

mV 

Load Regulation 

LT 1117 

(Vin “ Vout) = 3V, 1 0mA < Iout ^ 800mA (Note 1 ) 

• 


0.1 

0.4 

% 


LT1 11 7-2.85 

V| N = 4.25V, 0 < Iout < 800mA (Note 1) 

• 


1 

10 

mV 


LT1 11 7-3.3 

V| N = 4.75V, 0 < Iout ^ 800mA (Note 1 ) 

• 


1 

10 

mV 


LT1117-5 

V||\j = 6.5V, 0 < I 0 ut — 800mA (Note 1 ) 

• 


1 

15 

mV 

Dropout Voltage 


Iout = 100mA (Note 2) 



1.00 

1.10 

V 



Iout = 500mA (Note 2) 

• 


1.05 

1.15 

V 



Iout = 800mA (Note 2) 

• 


1.10 

1.20 

V 

Current Limit 

(V|n-V 0 ut) = 5V,Tj = 25°C, 


800 

950 

1200 

mA 

Minimum Load Current 

LT1117 

(V|N-V OU T) = 15V(Note3) 

• 


1.7 

5 

mA 
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€l€CTRICRl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Quiescent Current 

LT1 11 7-2.85 

V| N < 1 0V 

• 

5 

10 

mA 


LT1 11 7-3.3 

V,|m < 15V 

• 

5 

10 

mA 


LT1117-5 

V, N < 15V 

• 

5 

10 

mA 

Thermal Regulation 


Ta = 25°C, 30ms Pulse 


0.01 

0.1 

%/W 

Ripple Rejection 


Cripple = 1 20Hz, (Vin - Vqut) = 3V, 

Vripple = 1 Vp-p 

• 

60 75 

dB 

Adjust Pin Current 



• 

55 

120 

P-A 

Adjust Pin Current Change 


10mA < Iout * 800mA, 1 ,4V < (V, N - V 0 U t) S 10V 

• 

0.2 

5 

M-A 

Temperature Stability 




0.5 

% 

Long Term Stability 


T a = 125°C, lOOOHrs 


0.3 

% 

RMS Output Noise 


(% of V 0 U t), 10Hz <f< 10kHz 


0.003 

% 

Thermal Resistance 


(Junction-to-Case, at Tab) 


15 

°c/w 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specification for changes in output voltage 
due to heating effects. Load regulation and line regulation are measured at 
a constant junction temperature by low duty cycle pulse testing. 


Note 2: Dropout voltage is specified over the full output current range of 
the device. Dropout voltage is defined as the minimum input/output 
differential measured at the specified output current. Test points and 
limits are also shown on the Dropout Voltage curve. 

Note 3: Minimum load current is defined as the minimum output current 
required to maintain regulation. 



TVPICRl PCRFORfRARCE CHARACTERISTICS 


Minimum Operating Current 
(Adjustable Device) 





125°C 



Tj = 




1 

Tj =25°C 




— 




Tj = 

-55°C 







0 5 10 15 20 

INPUT/OUTPUT DIFFERENTIAL (V) 

LT1117 »TPC02 


Short-Circuit Current 





1 1 

Tj = 125°C 
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■ 
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INPUT/OUTPUT DIFFERENTIAL (V) 

LT1117*TPC03 


Load Regulation 
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TEMPERATURE (°C) 
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LT1117/LT1117-2.85 
LT 1 1 1 7-3 . 3 / LT 11 1 7-5 


TYPICAL P€RFORmnnC€ characteristics 


LT1117 Ripple Rejection 


LT1117 Ripple Rejection vs Current 


Temperature Stability 



Adjust Pin Current 



100 

90 
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1 1 




1 
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Load Transient Response 
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BLOCK DlflGRflm 



BPPUCBTIOn HlflTS 

The LT1 1 1 7 family of three-terminal regulators are easy to 
use. They are protected against short circuit and thermal 
overloads. Thermal protection circuitry will shutdown the 
regulator should the junction temperature exceed 165°C 
at the sense point. These regulators are pin compatible 
with older three-terminal adjustable regulators, offer 
lower dropout voltage and more precise reference toler- 
ance. Reference stability over temperature is improved 
over older types of regulators. 

Stability 

The LT 1117 family of regulators requires an output ca- 
pacitor as part of the device frequency compensation. A 
minimum of lOpf of tantalum or 50p.F of aluminum 
electrolytic is required. The ESR of the output capacitor 
should be less than 0.5£2. Surface mount tantalum capaci- 
tors, which have very low ESR, are available from several 
manufacturers. 

When using the LT1117 adjustable device the adjust 
terminal can be bypassed to improve ripple rejection. 


When the adjust terminal is bypassed the required value 
of the output capacitor increases. The device will require 
an output capacitor of 22jxF tantalum or 1 50pF aluminum 
electrolytic when the adjust pin is bypassed. 

Normally, capacitor values on the order of 1 0OjxF are used 
in the output of many regulators to ensure good load 
transient response with large load current changes. Out- 
put capacitance can be increased without limit and larger 
values of output capacitance further improve stability and 
transient response. 

Protection Diodes 

In normal operation, the LT1 1 1 7 family does not need any 
protection diodes. Older adjustable regulators required 
protection diodes between the adjust pin and the output 
and between the outputand inputto prevent over stressing 
the die. The internal current paths on the LT1 1 1 7 adjust pin 
are limited by internal resistors. Therefore, even with 
capacitors on the adjust pin, no protection diode is needed 
to ensure device safety under short circuit conditions. The 
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adjust pin can be driven, on a transient basis, ±25V with 
respect to the output without any device degradation. 

Diodes between input and output are not usually needed. 
The internal diode between the output and input pins of the 
device can withstand microsecond surge currents of 10A 
to 20A. Normal power supply cycling can not generate 
currents of this magnitude. Only with extremely large 
output capacitors, such as 1 000j_iF and larger, and with the 
input pin instantaneously shorted to ground can damage 
occur. A crowbar circuit at the input of the LT1117 in 
combination with a large output capacitor could generate 
currents large enough to cause damage. In this case a 
diode from output to input is recommended, as shown in 
Figure 1. 


D1 

1N4002 

(OPTIONAL) 



Figure 1. 

Output Voltage 

The LT1117 develops a 1 ,25V reference voltage between 
the output and the adjust terminal (see Figure 2). By 
placing a resistor between these two terminals, a constant 
current is caused to flowthrough R1 and down through R2 



Figure 2. Basic Adjustable Regulator 


to set the overall output voltage. Normally this current is 
chosen to be the specified minimum load current of 1 0mA. 
Because Iadj is very small and constant when compared 
to the current through R1 , it represents a small error and 
can usually be ignored. For fixed voltage devices R1 and 
R2 are included in the device. 

Load Regulation 

Because the LT1117 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regu- 
lation will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the output pin of the 
device. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the 
negative side of the load. Although it may not be immedi- 
ately obvious, best load regulation is obtained when the 
top of the resistor divider (R1 ) is returned directly to the 
output pin of the device, not to the load. This is illustrated 
in Figure 3. Connected as shown, Rp is not multiplied by 
the divider ratio. If R1 were connected to the load, the 
effective resistance between the regulator and the load 
would be: 

R2 R-j 

Rp x ,Rp = Parasitic Line Resistance 

H R1 P 


Rp 



R2 TO LOAD 

LT1117 *TA04 

Figure 3. Connections for Best Load Regulation 

For fixed voltage devices the top of R1 is internally Kelvin 
connected, and the ground pin can be used for negative 
side sensing. 
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Thermal Considerations 

LT1117 series regulators have internal thermal limiting 
circuitry designed to protect the device during overload 
conditions. For continuous normal load conditions how- 
ever, the maximum junction temperature rating of 1 25°C 
must not be exceeded. 

It is important to give careful consideration to all sources 
of thermal resistance from junction to ambient. For the 
SOT-223 package, which is designed to be surface 
mounted, additional heat sources mounted near the de- 
vice must also be considered. Heat sinking is accom- 
plished using the heat spreading capability of the PC board 
and its copper traces. The thermal resistance of the 
LT1117 is 15°C/W from the junction to the tab. Thermal 
resistances from tab to ambient can be as low as 30°C/W. 
The total thermal resistance from junction to ambient can 
be as low as 45°C/W. This requires a reasonable sized PC 
board with at least one layer of copper to spread the heat 
across the board and couple it into the surrounding air. 

Experiments have shown that the heat spreading copper 
layer does not need to be electrically connected to the tab 
of the device. The PC material can be very effective at 
transmitting heat between the pad area, attached to the tab 
of the device, and a ground plane layer either inside or on 
the opposite side of the board. Although the actual thermal 
resistance of the PC material is high, the Length/Area ratio 
of the thermal resistor between layers is small. The data in 
Table 1 was taken using 1/1 6” FR-4 board with 1 oz. copper 
foil. It can be used as a rough guideline in estimating 
thermal resistance. 


Table 1. 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 Sq. mm 

2500 Sq. mm 

2500 Sq. mm 

45°C/W 

1000 Sq. mm 

2500 Sq. mm 

2500 Sq. mm 

45°C/W 

225 Sq. mm 

2500 Sq. mm 

2500 Sq. mm 

53°C/W 

100 Sq. mm 

2500 Sq. mm 

2500 Sq. mm 

59°C/W 

1000 Sq. mm 

1000 Sq. mm 

1000 Sq. mm 

52°C/W 

1000 Sq. mm 

0 

■ 

1000 Sq.mm 

55°C/W 


* Tab of device attached to topside copper 


The thermal resistance for each application will be affected 
by thermal interactions with other components on the 
board. Some experimentation will be necessary to deter- 
mine the actual value. 

The power dissipation of the LT1117 is equal to: 

Pd = (V| N -Vout)( Iout ) 

Maximum junction temperature will be equal to: 

Tj = T a(MAX) + Po(Thermal Resistance (junction-to- 
ambient)) 

Maximum junction temperature must not exceed 125°C. 

Ripple Rejection 

The curves for Ripple Rejection were generated using an 
adjustable device with the adjust pin bypassed. These 
curves will hold true for all values of output voltage. For 
proper bypassing, and ripple rejection approaching the 
values shown, the impedance of the adjust pin capacitor, 
at the ripple frequency, should be < R1 . R1 is normally in 
the range of 100£2-200£1 The size of the required adjust 
pin capacitor is a function of the input ripple frequency. At 
1 20Hz, with R1 =1 00Q, the adjust pin capacitor should be 
> 13(xF. At 10kHz only 0.16|xF is needed. 

For fixed voltage devices, and adjustable devices without 
an adjust pin capacitor, the output ripple will increase as 
the ratio of the output voltage to the reference voltage 
(Vout/ Vref)- For example, with the output voltage equal to 
5 V, the output ripple will be increased by the ratio of 5 V/ 
1 .25 V. It will increase by a factor of four. Ripple rejection 
will be degraded by 12dB from the value shown 
on the curve. 
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1 .2V to 10V Adjustable Regulator 5V Regulator with Shutdown 



Remote Sensing 



Adjusting Output Voltage of Fixed Regulators 



* OPTIONAL IMPROVES RIPPLE REJECTION 

LT1117-TA08 


Regulator with Reference 



LT11 17 *TA09 
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TYPICAL APPLICATION 


Battery Charger Battery Backed Up Regulated Supply 



Improving Ripple Rejection 


Automatic Light Control 



High Efficiency Dual Supply 


FEEDBACK PATH 
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TYPICAL APPUCATIOAS 


High Efficiency Dual Linear Supply 



Low Dropout Negative Supply 
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typical application 

High Efficiency Regulator 



SOLDCRIfIG m€THODS 

The SOT-223 is manufactured with gull wing leadform for 
surface mount applications. The leads and heatsink are 
solder plated and allow easy soldering using non-active or 
mildly active fluxes. The package is constructed with three 
leads exiting one side of the package and one heatsink 
exiting the other side, and the die attached to the heatsink 
internally. 

The recommended methods of soldering SOT-223 are: 
vapor phase reflow and infrared reflow with preheat of 
component to within 65°C of the solder temperature. 
Hand soldering and wave soldering are not recom- 
mended since these methods can easily damage the 
part with excessive thermal gradients across the pack- 
age. 

Care must be exercised during surface mount to minimize 
large (> 30°C per second) thermal shock to the package. 
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TECHNOLOGY 


F€RTUR€S 

■ 8-Lead MiniDIP 

■ 40/iA Supply Current 

■ 125mA Output Current 

■ 2.5V Reference Voltage 

■ Reference Output Sources 2mA and Sinks 2mA 

■ Open Collector Comparator Sinks 10mA 

■ Logic Shutdown 

■ 0.2V Dropout Voltage 

■ Thermal Limiting 

RPPUCRTIORS 

■ Battery Systems 

■ Battery Backup System 

■ Portable Terminals 

■ Portable Instruments 

■ Memory Keep Alive 


Micropower Regulator with 
Comparator and Shutdown 


DCSCRIPTIOn 

The LT1120 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only 40/iA supply current, the LT1120 can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36V and dropout voltage is 0.6V at 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A shutdown pin allows logic 
shutdown of the output. 

The comparator can be used for system or battery mon- 
itoring. For example, the comparator can be used to warn 
of low system voltage. Frequency compensation of the 
comparator for amplifier applications can be obtained 
by adding external output capacitance. 

The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 
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absolute mnximum ratings 



Input Voltage 

36V 

Operating Temperature Range 


NPN Collector Voltage 

36 V 

LT1120C 

0°Cto100°C 

Output Short Circuit Duration 

Indefinite 

Storage Temperature Range 


Power Dissipation 

Internally Limited 

LT1120C 

-65°Cto150°C 


PRCKRG€/ORD€R mFOitmOTion 



top view 


ORDER PART 

TOP VIEW 

-INPUT 

ORDER PART 

gnd[T 


J]- INPUT 

NUMBER 

NUMBER 

feedback[7 

SHUTDOWN |T 

LT1120 

^COMPOUT 

7] ref 

LT1120CJ8 

GND C0MP 0UT 

LT1120CH 

VoutE 


1]V|N 

LT1120CN8 

FEEDBACK m LT 1 1 20 Q) REF 


J8 PACKAGE 


N8 PACKAGE 

LT1120CS8 

SHUTDOWN V 'N 


o-LcAU LitnAMIU IVIIIMIUIH b-LtAU rLAb 1 III MIIMIUIP 

S8 PART 
MARKING 



Tjmax=1 5 O o C,0ja =1 OO o C/W Tj MA x 

Qfi PAPKAGF 

i 

CO 

CO 

CD 

o 

v 0UT 

H PACKAGE 

8-LEAD TO-5 METAL CAN 


8-LEAD SURFACE MOUNT 

1120 


Tjmax 

=iio o c,ej A =i50 o c/w 

Tjmax = 150°C, e JA = 1 50°C/W, 0 JC =45° CAN 



Consult factory for Industrial and Military grade parts. 


€l€CTRICRl CHARACTERISTICS t j= 25«c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Voltage 

4.5V <V| N < 36V 

2.46 

2.50 

2.54 

V 

Line Regulation 

4.5 V <V, N < 36 V 


0.01 

0.015 

%/v 

Load Regulation 

- 2.0mA <I REF < 2mA, V, N = 12V 


0.3 

0.6 

% 

Output Source Current 

V| N = 5V 

2 

4 


mA 

Output Sink Current 

V| N = 5V 

2 

4 


mA 

Temperature Stability 



1 


% 


Regulator 


Supply Current 

V,n = 6V, I OU t<100/xA 

V| N = 36V, Iqut^IOO /*A 

V| N = 12V, l 0U T= 125mA 


45 

75 

11 

80 

100 

20 

jiA. 

mA 

mA 

Output Current 

(V IN -V 0UT )>1V,V 1N >6V 

125 



mA 

Load Regulation 

(V,n-V 0U t)>1V,V in >6V 


0.2 

0.5 

% 

Line Regulation 

6V<V| N <36V 


0.01 

0.015 

%/V 

Dropout Voltage 

Iout = 100/iA 



0.02 

0.05 

V 


Iqut = 125mA 



0.4 

0.65 

V 

Feedback Sense Voltage 

1 V,n = 12V 

2.44 

2.5 

2.56 

V 

Shutdown Pin Voltage 


Normal 



0.4 

V 


V out <0.5V 

Shutdown 

2.2 

1.4 


V 

Shutdown Pin Current 

V (N = 1.4V 


25 


/xA 


/TLTCAB 
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LT1120 


ELECTRICAL CHARACTERISTICS Tj =2s°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulator 

Feedback Bias Current 



15 

40 

nA 

Minimum Load Current 

V| N = 36V 


1 

5 


Short Circuit Current 

V| N = 36V 


300 

400 

mA 


Comparator 


Offset Voltage 

0 V < V C m < 35 V, V)n = 36 V 


3 

7 

mV 

Bias Current 

0V < Vqm <35V, V| N = 36 V (Note 1) 


15 

40 

nA 

Offset Current 

0V < V CM ^ 35V, V,n = 36 V 


4 

15 

nA 

Gain 

AV OUT = 29V, R l = 20k 

2000 

10000 


V/V 

Common Mode Rejection 

0V < V CM ^35V, V, n = 36 V 

80 

94 


dB 

Power Supply Rejection 

4.5V <V S < 36 V 

80 

96 


dB 

Output Sink Current 

V, n = 4.5V 

10 

18 


mA 

Saturation Voltage 

Iout - 1 m A 

i 

0.4 

0.6 

V 

Input Voltage Range 


0 


V,N — 1 

V 

Response Time 



5 


,iS 

Leakage Current 




2 

/iA 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Voltage 

4.5V <V, N < 36V 

• 

2.40 

2.50 

2.55 

V 

Line Regulation 

4.5V<V| N <36V 

• 


0.01 

0.02 

%/v 

Load Regulation 

- 2.0mA < l RE p< 2mA, V,n = 12V 

• 


0.4 

0.8 

% 

Output Source Current 

Vin = 5V 

• 

2 



mA 

Output Sink Current 

V,n = 5V 

• 

2 



mA 


Regulator 


Supply Current 

V IN = 6V, loui^lOO/iA 

• 


65 

95 

/*A 


V| N = 36V, Iout— 100/iA 

• 


85 

100 

/iA 


V| N = 12V, Iqut= 125mA 

• 


11 

20 

mA 

Output Current 

(V,n-Vout)^1V,V| N >6V 

• 

125 



mA 

Load Regulation 

(V|n~V 0 ut)>1V, V in >6V 

• 



1 

% 

Line Regulation 

6V<V, n <36V 

• 



0.02 

%/V 

Dropout Voltage 

Iout= 100^A 

• 



0.06 

V 


Iout == 125mA 

• 



0.85 

V 

Feedback Sense Voltage 

V| N = 12V 

• 

2.38 

2.5 

2.57 

V 

Feedback Bias Current 


• 



50 

nA 

Minimum Load Current 

V, n = 36V 

• 



50 

/iA 

Short Circuit Current 

V|n = 36V 

• 


3:00 

400 

mA 
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LT1120 


€L€CTRICAl CHARACT€RISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Comparator 

Offset Voltage 


• 



10 

mV 

Bias Current 

V| N = 36V (Note 1) 

• 


15 

60 

nA 

Gain 

AV 0 ut = 29V, R L = 20k 

• 

1000 



V/V 

Output Sink Current 

V, N = 4.5V (Note 2) 

• 

5 

10 


mA 

Leakage Current 

V, N = 36V 

• 



8 

„A 


The • denotes specifications which apply over full operating temperature range. 
Note 1: For OV < Vcm ^ 0.1V and Ta > 85°C I bias max is lOOnA. 

Note 2: For T A < -40°C output Isiimk (min) to 2.5mA. 


pm Funcnons 

Pin 1 -Ground. 

Pin 2-Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 

Pin 3-Shutdown. A logic 1 shuts off main regulator. Cau- 
tion: noise or leakage into the shutdown pin can affect 
output voltage. 

Pin 4— Regulator Output. Main output, requires 10/iF out- 
put capacitor. Can be shorted to Vin or ground without 
damaging device. 


Pin 5-Input Supply. Bypass with 10/tF cap. Must always 
be more positive than ground. 

Pin 6-Reference. 2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5 V 
can damage the device. 

Pin 7-Comparator Output. May be connected to any volt- 
age from ground to 36 V more positive than ground (oper- 
ates above Vin). Short circuit protected. 

Pin 8-Comparator Input. Inverting comparator input. 
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OUTPUT VOLTAGE CHANGE (%) 


LT1120 


TYPICAL P€RFOftmnnC€ CHRRRCTCRISTICS 


Regulator Load Regulation 



0.1 1 10 100 1000 
OUTPUT CURRENT (mA) 


Supply Current 



0.1 1 10 100 1000 
REGULATOR OUTPUT CURRENT (mA) 


Regulator Short Circuit Current 



-50 -10 30 70 110 150 

TEMPERATURE (°C) 


Dropout Voltage 


Regulator Minimum Load Current 


Regulator Ripple Rejection 



).1 1 10 100 
REGULATOR OUTPUT CURRENT (mA) 




80 90 100 110 120 130 140 150 

TEMPERATURE (°C) 


100 Ik 10k 

RIPPLE FREQUENCY (Hz) 


Supply Current 


Supply Current at Dropout 


Reference Regulation 



REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


:t,- 'wr. Tn 

125°C 

— 




u 


100mA : 
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REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 
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LT1120 


TYPICAL P€ftFORmnnC€ CHRRRCT€RISTICS 


Comparator Input Bias Current 



REFERRED TO PIN 9 (GND) 


Feedback Pin Current 



0.1 1 10 100 1000 
REGULATOR OUTPUT CURRENT (mA) 


^ Regulator Thermal Regulation 




01 2345678 

INPUT VOLTAGE (V) 



nppucnnon Huns 

The LT1 120 is especially suited for micropower system ap- 
)lications. For example, the comparator section of the 
.T1020 may be used as a battery checker to provide an in- 
Jication of low battery. Another type of system applica- 
ion for the LT1120 would be to generate the equivalent of 
split supplies off of a single power input. The regulator 
section provides regulated output voltage and the refer- 
ence, which can both source and sink current is then an 
irtificial system ground providing a split supply for the 
system. 


For many applications the comparator can be frequency 
compensated to operate as an amplifier. Compensation 
values for various gains are given in the datasheet. The 
comparator gain is purposely low to make it easier to fre- 
quency compensate as an amplifier. The NPN output is 
capable of sinking 10mA and can drive loads connected to 
voltages in excess of the positive power supply. This is 
useful for driving switches or linear regulators off of a 
higher input voltage. 
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LT1120 


APPUCATIOA MATS 

Reference 

Internal to the LT1120 is a 2.5 V trimmed class B output 
reference. The reference was designed to be able to 
source or sink current so it could be used in supply split- 
ting applications as well as a general purpose reference 
for external circuitry. The design of the reference allows it 
to source typically 4 or 5mA and sink 2mA. The available 
source and sink current decreases as temperature in- 
creases. It is sometimes desirable to decrease the AC out- 
put impedance by placing an output capacitor on them. 
The reference in the LT1020 becomes unstable with large 
capacitive loads placed directly on it. When using an out- 
put capacitor, about 200 should be used to isolate the 
capacitor from the reference pin. This 200 resistor can be 
placed directly in series with the capacitor or alternatively 
the reference line can have 200 placed in series with it and 
then a capacitor to ground. This is shown in Figure 1. 
Other than placing large capacitive loads on the 
reference, no other precautions are necessary and the 
reference is stable with nominal stray capacitances. 



Figure 1. Bypassing Reference 
Overload Protection 

The main regulator in the LT1120 is current limited at ap- 
proximately 250mA. The current limit is stable with both 
input voltage and temperature. 


Like most other 1C regulators, a minimum load is required 
on the output of the LT1120 to maintain regulation. For 
most standard regulators this is normally specified at 
5mA. Of course, for a micropower regulator this would be 
a tremendously large current. The output current must be 
large enough to absorb all the leakage current of the pass 
transistor at the maximum operating temperature. It also 
affects the transient response; low output currents have 
long recovery times from load transients. At high operat- 
ing temperatures the minimum load current increases and 
having too low of a load current may cause the output 
to go unregulated. Devices are tested for minimum load 
current at high temperature. The output voltage setting re- 
sistors to the feedback terminal can usually be used to 
provide the minimum load current. 

Frequency Compensation 

The LT1 120 is frequency compensated by a dominant pole 
on the output. An output capacitor of %F is usually large 
enough to provide good stability. Increasing the output 
capacitor above 10/iF further improves stability. In order to 
ensure stability, a feedback capacitor is needed between 
the output pin and the feedback pin. This is because stray 
capacitance can form another pole with the large value of 
feedback resistors used with the LT1120. Also, a feedback 
capacitor minimizes noise pickup and improves ripple 
rejection. 

With the large dynamic operating range of the output cur- 
rent, 10000:1, frequency response changes widely. Low AC 
impedance capacitors are needed to insure stability. 
While solid tantalum are best, aluminum electrolytics can 
be used but larger capacitor values may be needed. 
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LT1120 


TYPICAL APPUCATIOAS 


Regulator with Output Voltage Monitor 



LOGIC OUTPUT GOES LOW WHEN 
Vqut DROPS BY 100mV 


Compensating the Comparator as an Op Amp 



Av 

R1 

Cl 

02 

R2 

1 

330 

0.1 /iF 

0.00 VF 

- 

10 

1000 

0.047/u.F 

— 

look 

100 

10k 

0.002/xF 

- 

10k 



tMUST HAVE LOW 
ESR. SEVERAL 100**F 
CAPACITORS CAN BE 
PARALLELED. 


5V Regulator Regulator with Improved Transient Response 
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TYPICAL APPLICATIOAS 


Battery Backup Regulator 


V 0UT 



MAIN 

POWER 

INPUT 


5V Regulator with Feedback Shutdown 


V 1N >5.2V 
Iq = 40/iA 



o.oo vf: 


5 V 

' OUTPUT 


1+ NC 

t'°“ f 

■=■ 2N3904*J--O<j— 


LOGIC INPUT 



•TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS. 
TO TURN OFF THE OUTPUT OF THE LT1120 
FORCE FB (PIN 2) >2.5V. 


Current Limited 1 Amp Regulator 


2.2k 0.5ST 



CAPACITORS CAN BE 
PARALLELED. 
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LT1120A 


rrimm 

TECHNOLOGY Micropower Regulator with 

Comparator and Shutdown 


F€OTUfl€S 


DCSCRIPTIOn 


■ 20|iA Supply Current 

■ 8-Lead SOIC 

■ 125mA Output Current 

■ 2.5V Reference 

■ Reference Output Sources 4mA and Sinks 4mA 

■ Open Collector Comparator Sinks 10mA 

■ Logic Shutdown 

■ 0.2V Dropout Voltage 

■ Thermal Limiting 


nppucmions 

■ Battery Systems 

■ Battery Backup System 

■ Portable Terminals 

■ Portable Instruments 

■ Memory Keep Alive 


The LT1 1 20A is a combination micropower positive regu- 
lator and free collector comparator on a single monolithic 
chip. With only 20 |aA supply current, the LT1120A can 
supply over 1 25mA of output current. Input voltage range 
is from 4.5V to 36V and dropout voltage is 0.6V at 1 25mA. 
Dropout voltage decreases with lower load currents. Also 
included on the chip is a class B output 2.5 V reference that 
can either source or sink current. This allows it to be used 
as a supply splitter or auxiliary output. A shutdown pin 
allows logic shutdown of the output. 

The comparator can be used for system or battery moni- 
toring. For example, the comparator can be used to warn 
of low system voltage. Frequency compensation of the 
comparator for amplifier applications can be obtained by 
adding external output capacitance. 



TVPICAl APPUCOTIOn 

5V Regulator 


Vim > 5.2V 

5 

V|N V 0 UT 

LT1120A 

n , ir ,FB 

4 ? ? 


Iq = 20hA 

+ 

zjz 0.001 |XF >1M 

2 i 1 

+ 

10pF” 


GND 

3 1 

> ** 




>1M 



■ SHUTDOWN " 

~ “ 

7 


Dropout Voltage and Supply Current 



0.1 1 10 100 1000 
OUTPUT CURRENT (mA) 


3 

> 
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LT1120A 


absolute mnximum rrtiags package/order mFORmnnon 

fnput Voltage 36V 

NPN Collector Voltage 36V 

Output Short-Circuit Duration Indefinite 

Power Dissipation Internally Limited 

Operating Temperature Range 

LT1120AC 0°C to 100°C 

Storage Temperature Range 
LT1120AC -65°C to150°C 


Consult factory for Industrial and Military grade parts. 


GND [T 
FEEDBACK [T 
SHUTDOWN |T 
Vout E 


N8 PACKAGE 
3-LEAD PLASTIC DIP 



T] -INPUT 
7] COMP OUT 
T] REF 
H V| N 


S8 PACKAGE 
3-LEAD PLASTIC SOIC 


TjMAX = 110 o C,ej A = 130 o C/W(N) 
TjMAX = H0 o C,e JA = 190 o C/W(S) 


ORDER PART 
NUMBER 


LT1120ACN8 

LT1120ACS8 


S8 PART 
MARKING 


1120A 


ELECTRICAL CHARACTERISTICS i J= 25 c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX | 

UNITS 

Reference 

Reference Voltage 

4.5V <V| N < 36V 

2.46 

2.50 

2.54 

V 

Line Regulation 

4.5V <V )N < 36V 


0.01 

0.015 

%/v 

Load Regulation 

-2.0mA <I REF < 2mA, V )N = 12V 


0.3 

0.6 

% 

Output Source Current 

Vin = 5V 

2 

4 


mA 

Output Sink Current 

V, n = 5V 

2 

4 


mA 

Temperature Stability 


1 [ 

% 

Regulator 

Supply Current 

Vim = 6V, Iout — ^ OOjaA 


20 

25 

|iA 


V||\| = 36V, Iout — "1 00p,A 


30 

40 

pA 


V, N = 12V, Iout = 125mA 


11 

20 

mA 

Output Current 

(Vin-Vout)^IV, V|n^6V 

i 125 - _l 

mA 

Load Regulation 

(Vin-Vout)^IV, V, n > 6V 


0.2 

0.5 

% 

Line Regulation 

6V < V||\| < 36V 


0.01 

0.015 

%/V 

Dropout Voltage 

Iout = 100pA 



0.02 

0.05 

V 


Iqut = 125mA 



0.40 

0.65 

V 

Feedback Sense Voltage 

1 V|N = 12V | 

2.44 

2.5 

2.56 

V 

Shutdown Pin Voltage 


Normal 

1 _____ ___ __ J 

V 


Vqut < 0.5V 

Shutdown 

| 2.2 

1.4 


V 

Shutdown Pin Current 

V| N = 1.4V 

_ 10 ___ _ ___J 

pA 

Feedback Bias Current 



15 

40 

nA 

Minimum Load Current 

V| N = 36V 


1 

5 

pA 

Short Circuit Current 

Vim = 36V 


250 

400 

mA 

Comparator 

Offset Voltage 

V| N = 36V 


3 

7 

mV 

Bias Current 

V| N = 36 V 


15 

40 

nA 

Gain 

AV 0 ut = 29V, R l = 20k 

2000 

10000 


V/V 

Power Supply Rejection 

4.5V < V s < 36V 

80 

96 


dB 

Output Sink Current 

V||\| = 4.5V 

10 

18 


mA 

Saturation Voltage 

Iout = 1 mA 


0.4 

0.6 

V 

Input Voltage Range 


0 


V|N ~ 1 

V 

Response Time 


5 

ps 

Leakage Current 

V| N = 36V, V(Pin 7) = 36V 

2 

pA 
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LT1120A 


eiccTRicm chrrrctcristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Voltage 

4.5V <V| N < 36V 

• 

2.40 

2.50 

2.55 

V 

Line Regulation 

4.5V < V| N < 36V 

• 


0.01 

0.02 

%/v 

Load Regulation 

-2.0mA < Iref < 2mA, Vin = 12V 

• 


0.4 

0.8 

% 

Output Source Current 

V| N = 5 V 

• 

2 

mA 

Output Sink Current 

V| N = 5V 

• 

2 

mA 

Regulator 

Supply Current 

Vin = 6V, Iout - 1 OOjllA 

• 


30 

40 

I^A 


V||\| = 36V, Iout - 1 OOjllA 

• 


40 

50 

HA 


Vim = 12V, l 0UT = 125mA 

• 


11 

20 

mA 

Output Current 

(Vin-Vout)^IV, V| N > 6V 

• 

125 

mA 

Load Regulation 

(Vim — Vout) - "IV, V IN >6V 

• 

1 

% 

Line Regulation 

6V < V| N < 36V 

• 

0.02 

%/V 

Dropout Voltage 

Iout = IOOjiA 

• 



0.06 

V 


Iout = 125mA 

• 



0.85 

V 

Feedback Sense Voltage 

V| N = 12V 

• 

2.38 

2.5 

2.57 

V 

Feedback Bias Current 


• 

50 

nA 

Minimum Load Current 

V| N = 36V 

• 

50 

|iA 

Short Circuit Current 

Vim = 36V 

• 


240 

400 

mA 

Comparator 

Offset Voltage 

V,|\j = 36V 

• 

10 1 

mV 

Bias Current 

< 

ii 

CO 

£ 

• 


15 

60 

nA 

Gain 

AV 0U t = 29V, R L = 20k 

• 

1000 

WV 

Output Sink Current (Note 1) 

V,m = 4.5V 

• 

5 

10 


mA 

Leakage Current 

V| N = 36V, V(Pin 7) = 36V 

• 

8 

PA 


The • denotes specifications which apply over the operating temperature range. 
Note 1 : For T A < -40°C output sink current drops to 2.5mA. 


TVPKfll P€RFORmnnC€ CHRRRCTCRISTICS 


Regulator Load Regulation 



0.1 1 10 100 1000 
OUTPUT CURRENT (mA) 

1120A G01 


Supply Current 



0.1 1 10 100 1000 
REGULATOR OUTPUT CURRENT (mA) 

1120AG02 


Regulator Short-Circuit Current 

350 | 1 1 1 1 1 1 1 T r 


_ 300 
< 

E 

^ 250 
a: 

§ 200 
o 

o 150 

cc 

o 

EE 100 


0 I 1 I I I I I I I I I 

-50 -10 30 70 110 150 

TEMPERATURE (°C) 

1120AG03 


rrunm 

TECHNOLOGY 


4-109 







4-110 


xtuj m 







LT1120A 


pm Funcions 

Pin 1 (Ground). 

Pin 2 (Feedback): This is the feedback point of the 
regulator. When operating, it is nominally at 2.5V. 
Optimum source resistance is 200k to 500k. The feedback 
pin should not be driven below ground or more positive 
than 5V. 

Pin 3 (Shutdown): A logic 1 shuts off main regulator. 
Caution: noise or leakage into the shutdown pin can affect 
output voltage. 

Pin 4 (Regulator Output): Main output, requires 10|xF 
output capacitor. Can be shorted to V| N or ground without 
damaging device. 


Pin 5 (Input Supply): Bypass with IOjuF cap. Must always 
be more positive than ground. 

Pin 6 (Reference): 2.5 V can source or sink current. May 
be shorted to ground or up to 5 V. Voltages in excess of 5 V 
can damage the device. 

Pin 7 (Comparator Output): May be connected to any 
voltage from ground to 36V more positive than ground 
(operates above Viw). Short circuit protected. 

Pin 8 (Comparator Input): Inverting comparator input. 


BLOCK DIBGRRm 


REFERENCE 



-INPUT 


v OUT 

FEEDBACK 

SHUTDOWN 

GROUND 


1120ABD01 



flppucnnons mFORmnnon 


The LT1 120A is especially suited for micropower system 
applications. For example, the comparator section of the 
LT 1 1 20A may be used as a battery checker to provide an 
indication of low battery. Another type of system applica- 
tion for the LT1120A would be to generate the equivalent 
of split supplies off of a single power input. The regulator 
section provides regulated output voltage and the 
reference, which can both source and sink current is then 
an artificial system ground providing a split supply for 
the system. 


For many applications the comparator can be frequency 
compensated to operate as an amplifier. Compensation 
values for various gains are given in the data sheet. The 
comparator gain is purposely low to make it easier to 
frequency compensate as an amplifier. The NPI\I output is 
capable of sinking 1 0mA and can drive loads connected to 
voltages in excess of the positive power supply. This is 
useful for driving switches or linear regulators off of a 
higher input voltage. 
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LT1120A 


fippucnnons mFonmnnon 

Reference 

Internal to the LT 1 1 20A is a 2.5V trimmed class B output 
reference. The reference was designed to be able to source 
or sink current so it could be used in supply splitting 
applications as well as a general purpose reference for 
external circuitry. The design of the reference allows it to 
source and sink typically 4mA. The available source and 
sink current decreases as temperature increases. It is 
sometimes desirable to decrease the AC output imped- 
ance by placing an output capacitor on Pin 6. The reference 
in the LT1120A becomes unstable with large capacitive 
loads placed directly on it. When using an output capaci- 
tor, about 20£2 should be used to isolate the capacitor 
from the reference pin. This 20a resistor can be placed 
directly in series with the capacitor or alternatively the 
reference line can have 20 L2 placed in series with it and 
then a capacitorto ground. This is shown in Figure 1 . Other 
than placing large capacitive loads on the reference, no 
other precautions are necessary and the reference is 
stable with nominal stray capacitances. 



Figure 1. Bypassing Reference 
Overload Protection 

The main regulator in the LT1120A is current limited at 
approximately 250mA. The current limit is stable with both 
input voltage and temperature. 

Like most other 1C regulators, a minimum load is required 
on the output of the LT1 1 20A to maintain regulation. For 


most standard regulators this is normally specified at 
5mA. Of course, for a micropower regulator this would be 
a tremendously large current. The output current must be 
large enough to absorb all the leakage current of the pass 
transistor at the maximum operating temperature. It also 
affects the transient response; low output currents have 
long recovery times from load transients. At high operat- 
ing temperatures the minimum load current increases and 
having too low of a load current may cause the output to 
go unregulated. Devices are tested for minimum load 
current at high temperature. The output voltage setting 
resistors to the feedback terminal can usually be used to 
provide the minimum load current. 

Frequency Compensation 

The LT1120A is frequency compensated by a dominant 
pole on the output. An output capacitor of 1 0p.F is usually 
large enough to provide good stability. Increasing the 
output capacitor above 1 Op.F further improves stability. 
In orderto ensure stability, afeedback capacitor is needed 
between the output pin and the feedback pin. This is 
because stray capacitance can form another pole with the 
large value of feedback resistors used with the LT1120A. 
Also, a feedback capacitor minimizes noise pickup and 
improves ripple rejection. 

With the large dynamic operating range of the output 
current, 10000:1, frequency response changes widely. 
Low AC impedance capacitors are needed to insure 
stability. While solid tantalum are best, aluminum 
electrolytics can be used but larger capacitor values may 
be needed. 
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typical nppucnnons 


Regulator with Output Voltage Monitor 



OUTPUT 
5 V 


LOGIC OUTPUT GOES LOW WHEN 
Vqut DROPS BYlOOmV 


Compensating the Comparator as an Op Amp 


Current Limited 1 Amp Regulator 



Av 

-1 


R1 
33Q 

-10 100Q 0.047|j.F 
-100 10k 0.002 jlxF 


Cl 

O.IjiF 


C2 R2 
0.001 jiF 1M 
100k 
10k 



ESR. SEVERAL lOO^F 
CAPACITORS CAN BE 
PARALLELED. 


Battery Backup Regulator 


BATTERY 5 

INPUT 


VjN 


LT1120A 

GND 


T 


VOUT 

5V 


~r 

-X 


O.OOIfxF 51 M 


-± H «- 


VQUT 


LT1120A 

GND 


T 


MAIN 

-POWER 

INPUT 


INTERNAL PARASITIC 
DIODES OF LT1120A 


1 1 20A TA05 
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F€ATUR€S 

■ 0.4V Dropout Voltage 

■ 150mA Output Current 

■ 30pA Quiescent Current 

■ No Protection Diodes Needed 

■ Adjustable Output from 3.8 V to 20V 

■ 3.3V and 5V Fixed Output Voltages 

■ Controlled Quiescent Current in Dropout 

■ Shutdown 

■ 16pA Quiescent Current in Shutdown 

■ Stable with 0.33pF Output Capacitor 

■ Reverse Battery Protection 

■ No Reverse Current with Input Low 

■ Thermal Limiting 

APPLICATION 

■ Low Current Regulator 

■ Regulator for Battery-Powered Systems 

■ Post Regulator for Switching Supplies 


LT1121/LT1121 -3.3/LT1121 -5 

Micropower Low Dropout 
Regulators with Shutdown 

DCSCRIPTIOn 

The LT1 1 21/LT1 1 21 -3.3/LT 1 1 21 -5 are micropower low 
dropout regulators with shutdown. These devices are 
capable of supplying 150mA of output current with a 
dropout voltage of 0.4V. Designed for use in battery- 
powered systems, the low quiescent current, 30pA oper- 
ating and 16pAin shutdown, makes them an ideal choice. 
The quiescent current is well-controlled; it does not rise in 
dropout as it does with many other low dropout PNP 
regulators. 

Other features of the LT1 1 21/LT1 1 21 -3.3/LT1 121-5 in- 
clude the ability to operate with very small output capaci- 
tors. They are stable with only 0.33pF on the output while 
most older devices require between IpF and 100pF for 
stability. Small ceramic capacitors can be used, enhanc- 
ing manufacturability. Also the input may be connected to 
ground or a reverse voltage without reverse current flow 
from output to input. This makes the LT1 1 21 series ideal 
for backup power situations where the output is held high 
and the input is at ground or reversed. Under these 
conditions only 16pA will flow from the output pin to 
ground. 


TVPICAl RPPUCRTIOR 


5V Battery-Powered Supply with Shutdown 


Dropout Voltage 



4-114 


rrunm 

JKkmJ TECHNOLOGY 





LT1121/LT1121-3.3/LT1121-5 


imsoiutc mnximum rrtiogs 


Input Voltage ±30V* 

Output Pin Reverse Current 10mA 

Adjust Pin Current 10mA 

Shutdown Pin Input Voltage (Note 1) 6.5V, -0.6V 

Shutdown Pin Input Current (Note 1) 20mA 

Output Short-Circuit Duration Indefinite 


Storage Temperature Range -65°C to 150°C 

Operating Junction Temperature Range (Note 2) 

LT1121C-X 0 C to 125 C 

LT1121I-X -40 C to 125 C 

Lead Temperature (Soldering, 10 sec) 300°C 


*For applications requiring input voltage ratings greater than 30V, contact the factory. 


PRCKflG€/ORD€R IRFORmflTIOn 



TOP VIEW 


OUT \T 


T] IN 

NC/ADJ* [T 


T\ NC** 

GND [J 


T\ NC** 

NC [T 


J] SHDN 


N8 PACKAGE 
8-LEAD PLASTIC DIP 
S8 PACKAGE 
8-LEAD PLASTIC SOIC 

0 JA = 120°C/W (N8, S8) 
0 JA - 70°C/W (AS8) 


*PIN 2 = NC FOR LTt 1 21 -3.3/LT1 1 21 -5 
= ADJ FOR LT1121 
* * PINS 6 AND 7 ARE FLOATING (NO 
INTERNAL CONNECTION) ON THE 
STANDARD S8 PACKAGE. 

PINS 6 AND 7 CONNECTED TO GROUND 
ON THE A VERSION OF THE LT1 121 (S8 ONLY). 
CONNECTING PINS 6 AND 7 TO THE 
GROUND PLANE WILL REDUCE THERMAL 
RESISTANCE. SEE THERMAL RESISTANCE 
TABLES IN THE APPLICATIONS INFORMATION 
SECTION. 


TAB IS 
GND 


| T] OUTPUT 

TJ GND 
I] VlN 


ST PACKAGE 

3-LEAD PLASTIC SOT-223 


Oja « 50"C/W 



Z PACKAGE 

3-LEAD PLASTIC TO-92 


Oja - 150 'C/W 


ORDER PART NUMBER 


S8 PART 
MARKING 


ORDER PART 
NUMBER 


ORDER PART 
NUMBER 


1121 1 1 21 A 

LT1 1 21 CST-3.3 

LT1 1 21 CZ-3.3 

11213 121 A3 

LT1 1211 ST-3.3 

LT1 1 21 IZ-3.3 

11215 121A5 

LT1 1 21 CST-5 

LT1121CZ-5 

11211 121AI 

LT1 1 21 IST-5 

LT1121IZ-5 

12113 121AI3 



12115 121AI5 




LT1121CN8 

LT1 1 21 CN8-3.3 

LT1121CN8-5 

LT1121IN8 

LT1121IN8-3.3 

LT1121IN8-5 

LT1121CS8 

LT1121 CS8-3.3 

LT1121CS8-5 


LT1121IS8 
LT1 1 21 IS8-3.3 
LT1121IS8-5 
LT1121ACS8 
LT1 1 21 ACS8-3.3 
LT1 1 21 ACS8-5 
LT1121AIS8 
LT1 1 21 AIS8-3.3 
LT1 121 AIS8-5 


Consult factory for Military grade parts. 
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PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulated Output Voltage 

LT1121-3.3 

V|(\| = 3.8V, I 0 ut= 1mA, Tj = 25°C 


3.250 

3.300 

3.350 

V 

(Note 3) 


4.3V < V| N < 20V, 1 mA < I 0U t < 1 50mA 

• 

3.200 

3.300 

3.400 

V 


LT1121-5 

V, N = 5.5V, I 0U t = 1mA, Tj = 25°C 


4.925 

5.000 

5.075 

V 



6V < V||\| < 20V, 1 mA < Iqut < 1 50mA 

• 

4.850 

5.000 

5.150 

V 


LT1121 (Note 4) 

V||\| = 4.3V, l 0U T = 1 mA, Tj = 25°C 


3.695 

3.750 

3.805 

V 



4.8V < V| N < 20V, 1 mA < I 0U t < 1 50mA 

• 

3.640 

3.750 

3.860 

V 

Line Regulation 

LT1 1 21-3.3 

AVn\| = 4.8V to 20V, Iqut = 1mA 

• 


1.5 

10 

mV 


LT1121-5 

AV,|\| = 5.5V to 20V, Iqut = 1mA 

• 


1.5 

10 

mV 


LT1121 (Note 4) 

AV|n = 4.3V to 20V, Iqut = 1mA 

• 


1.5 

10 

mV 
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PARAMETER 

Load Regulation 


Dropout Voltage 
(Note 5) 


Ground Pin Current 
(Note 6) 


Adjust Pin Bias Current (Notes 4, 7) 
Shutdown Threshold 


Shutdown Pin Current (Note 8) 

Quiescent Current in Shutdown (Note 9) 
Ripple Rejection 


Current Limit 

Input Reverse Leakage Current 
Reverse Output Current (Note 10) 


CONDITIONS 

LT1 1 21 -3.3 AI L oad = 1 mA to 1 50mA, Tj = 25°C 

AIlqad = 1mA to 150mA 

LT1 1 21 -5 AIlqad = 1 mA to 1 50mA, Tj = 25°C 

AIlqad = 1mA to 150mA 

LT1 1 21 (Note 4) AI L0A d = 1 mA to 1 50mA, Tj = 25°C 

AIlqad = 1mA to 150mA 

I load = 1 mA, Tj = 25°C 

Iload = 1mA 

Load = 50mA, Tj = 25°C 

load = 50mA 

Load = 1 00mA, Tj = 25°C 

Load = 100mA 

Load = 150mA, Tj = 25°C 

Load = 150mA 

Load = 0mA 

Load = 1 mA 

Load = 10mA 

Load = 50 mA 

Load = 100mA 

Load = 150mA 

Tj = 25°C 

Vout = Off On 
Vout = On to Off 

Vshdn = 0V 

Vin = 6V, V S hdn = QV 

Vin - Vout = IV (Avg), Vripple = 0.5Vp.p, 

1ripple = 120Hz, Load = 0-1 A 

V|N ~ Vqut = 7 V, Tj = 25°C 

Vin - -20V, Vqut = 0V 

LT1121-3.3 V 0UT = 3.3V, V tN = 0V 

LT1121-5 V QUT = 5V, V||\| = 0V 

LT1121 (Note 4) V 0UT = 3.8V, V IN = QV 




MIN 


0.25 


50 


TYP 

-12 

-20 

-17 

-28 

-12 

-18 

0.13 


0.30 


0.37 


0.42 


30 

90 

350 

1.5 

4.0 

7.0 
150 
1.2 
0.75 
6 
15 
58 


200 


16 

16 

16 


MAX 

-20 

-30 

-30 

-45 

-20 

-30 

0.16 

0.25 

0.35 

0.50 

0.45 

0.60 

0.55 

0.70 

50 

120 

500 

2.5 

7.0 

14.0 
300 
2.8 


JO 

22 


UNITS 

mV 

mV 

mV 

mV 

mV 

mV 

V 

V 

V 

V 

V 

V 

V 

V 

MA 
MA 
mA 
mA 
mA 
mA 
nA 

V 

V 
pA 
MA 
dB 


500 

1.0 

25 

25 

25 


mA 

mA 

~pA 

pA 

_MA 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: The Shutdown pin input voltage rating is required for a low 
impedance source. Internal protection devices connected to the shutdown 
pin will turn on and clamp the pin to approximately 7 V or -0.6V. This 
range allows the use of 5V logic devices to drive the pin directly. For high 
impedance sources or logic running on supply voltages greater than 5.5 V, 
the maximum current driven into the shutdown pin must be limited to less 
than 20mA. 

Note 2: For junction temperatures greater than 110°C, a minimum load of 
1 mA is recommended. For Tj > 1 1 0°C and Iqut < 1 mA, output voltage 
may increase by 1%. 

Note 3: Operating conditions are limited by maximum junction 
temperature. The regulated output voltage specification will not apply for 
all possible combinations of input voltage and output current. When 
operating at maximum input voltage, the output current range must be 
limited. When operating at maximum output current the input voltage 
range must be limited. 


Note 4: The LT1121 (adjustable version) is tested and specified with the 
adjust pin connected to the output pin. 

Note 5: Dropout voltage is the minimum input/output voltage required to 
maintain regulation at the specified output current. In dropout the output 
voltage will be equal to: (Vin - Vqropout)- 
Note 6: Ground pin current is tested with V| N = Vout (nominal) and a 
current source load. This means that the device is tested while operating 
in its dropout region. This is the worst case ground pin current. The 
ground pin current will decrease slightly at higher input voltages. 

Note 7: Adjust pin bias current flows into the adjust pin. 

Note 8: Shutdown pin current at Vshdn = Nows out of the shutdown pin. 
Note 9: Quiescent current in shutdown is equal to the sum total of the 
shutdown pin current (6foA) and the ground pin current (9pA). 

Note 10: Reverse output current is tested with the input pin grounded and 
the output pin forced to the rated output voltage. This current flows into 
the output pin and out of the ground pin. 
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OUTPUT VOLTAGE (V) QUIESCENT CURRENT (jiA) 


LT1121/LT1121 -3.3/LT1121 -5 
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Guaranteed Dropout Voltage 



1121 G27 


Dropout Voltage 



TEMPERATURE (°C) 


1121 G14 


Quiescent Current 


VlN 

Rlo 

— 

6V 

AD = oc 

— 







VsH 

)N = 0 

J EN 




















Vs 

HDN = j 

OV 


















| 30 
tr 

ZD 
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Quiescent Current 
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1121 G04 


LT1121-5 
Quiescent Current 



0123456789 10 
INPUT VOLTAGE (V) 

1121 G02 


LT1121 

Quiescent Current 
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0123456789 10 
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1121 G03 


LT1121-3.3 
Output Voltage 
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LT1121-5 
Output Voltage 
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1121 623 


LT1121 

Adjust Pin Voltage 
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GROUND PIN CURRENT (mA) GROUND PIN CURRENT (nA) 


LTn21/LTn21 -3.3/LT1 121 -5 
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LT1121-3.3 
Ground Pin Current 



0123456789 10 
INPUT VOLTAGE (V) 

1121 G10 


LT1121-3.3 
Ground Pin Current 



INPUT VOLTAGE (V) 


Ground Pin Current 


1 — 1 — 1 — 
V| N = 3.3V (LT1121-3 
_ V| N = 5V (LT1121-5) 
V||\| = 3.75V (LT1121) 
DEVICE IS OPERATIN 

•3) 




G 



1 / 

IN 

)ROP( 

JUT 



= 125 

c/ 

/ 



IT 

= 25 

t 

/ 


/ 




L^s 


J = "l 

5°C 


















20 40 60 80 100 120 140 160 

OUTPUT CURRENT (mA) 


LT1121-5 

Ground Pin Current 



INPUT VOLTAGE (V) 


LT1121-5 

Ground Pin Current 



Shutdown Pin Threshold 
(On-to-Off) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1121 G16 


LT1121 

Ground Pin Current 



23456789 10 
INPUT VOLTAGE (V) 

1121 G08 


LT1121 

Ground Pin Current 



Shutdown Pin Threshold 
(Off-to-On) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1121 G17 
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Load Regulation 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1121 G21 


LT1121-5 


o 

< 


o 

Q 

< 

o 


Load Transient Response 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
TIME (ms) 

1121 G30 


LT1121-5 

Load Transient Response 



TIME (ms) 

1121 G31 


pm Funcuons 

Input Pin: Power is supplied to the device through the 
input pin. The input pin should be bypassed to ground if 
the device is more than 6 inches away from the main input 
filter capacitor. In general the output impedance of a 
battery rises with frequency so it is usually adviseable to 
include a bypass capacitor in battery-powered circuits. A 
bypass capacitor in the range of 0.1 pF to 1 pF is sufficient. 
The LT1121 is designed to withstand reverse voltages on 
the input pin with respect to both ground and the output 
pin. In the case of a reversed input, which can happen if a 
battery is plugged in backwards, the LT1121 will act as if 
there is a diode in series with its input. There will be no 
reverse current flow into the LT1121 and no reverse 
voltage will appear at the load. The device will protect both 
itself and the load. 

Output Pin: The output pin supplies power to the load. An 
output capacitor is required to prevent oscillations. See 
the Applications Information section for recommended 
value of output capacitance and information on reverse 
output characteristics. 

Shutdown Pin: This pin is used to put the device into 
shutdown. In shutdown the output of the device is turned 


off. This pin is active low. The device will be shut down if 
the shutdown pin is pulled low. The shutdown pin current 
with the pin pulled to ground will be 6pA. The shutdown 
pin is internally clamped to 7 V and -0.6V (one Vbe). This 
allows the shutdown pin to be driven directly by 5V logic 
or by open collector logic with a pull-up resistor. The pull- 
up resistor is only required to supply the leakage current 
of the open collector gate, normally several microam- 
peres. Pull-up current must be limited to a maximum of 
20mA. A curve of shutdown pin input current asafunction 
of voltage appears in the Typical Performance Character- 
istics. If the shutdown pin is not used it can be left open 
circuit. The device will be active, output on, if the shutdown 
pin is not connected. 

Adjust Pin: For the adjustable LT1 1 21 , the adjust pin is the 
input to the error amplifier. This pin is internally clamped 
to 6V and -0.6V (one Vbe). 11 has a bias current of 1 50nA 
which flows into the pin. See Bias Current curve in the 
Typical Performance Characteristics. The adjust pin refer- 
ence voltage is 3.75V referenced to ground. The output 
voltage range that can be produced by this device is 3.75V 
to 30V. 


4-120 


rrunm 

TECHNOLOGY 








LT1121/LT1121 -3.3/LT1121 -5 


nppucnnons mFonmnnon 


The LT1121 is a micropower low dropout regulator with 
shutdown, capable of supplying up to 150mA of output 
current at a dropout voltage of 0.4V. The device operates 
with very low quiescent current (30|iA). In shutdown the 
quiescent current drops to only 16pA. In addition to the 
low quiescent current the LT1121 incorporates several 
protection features which make it ideal for use in battery- 
powered systems. The device is protected against both 
reverse input voltages and reverse output voltages. In 
battery backup applications where the output can be held 
up by a backup battery when the input is pulled to ground, 
the LT1 1 21 acts like it has a diode in series with its output 
and prevents reverse current flow. 

Adjustable Operation 

The adjustable version of the LT1121 has an output 
voltage range of 3.75V to 20V. The output voltage is set by 
the ratio of two external resistors as shown in Figure 1 . The 
device servos the output voltage to maintain the voltage at 
the adjust pin at 3.75V. The current in R1 is then equal to 
3.75V/R1. The current in R2 is equal to the sum of the 
current in R1 and the adjust pin bias current. The adjust pin 
bias current, 150nA at 25°C, flows through R2 into the 
adjust pin. The output voltage can be calculated according 
to the formula in Figure 1 . The value of R1 should be less 
than 400k to minimize errors in the output voltage caused 
by the adjust pin bias current. Note that in shutdown the 
output is turned off and the divider current will be zero. 
Curves of Adjust Pin Voltage vs Temperature and Adjust 
Pin Bias Current vs Temperature appear in the Typical 
Performance Characteristics. The reference voltage at the 
adjust pin has a slight positive temperature coefficient of 



V 0 UT = 3,75V(l+B|) + (| flDJ .R2) 

VftDJ = 3.75V 

Iadj = 150nA AT 25°C 

OUTPUT RANGE = 3.75V TO 30V 

Figure 1 . Adjustable Operation 


approximately 1 5ppm/°C. The adjust pin bias current has 
a negative temperature coefficient. These effects are small 
and will tend to cancel each other. 

The adjustable device is specified with the adjust pin tied 
to the output pin. This sets the output voltage to 3.75V. 
Specifications for output voltage greater than 3.75V will be 
proportional to the ratio of the desired output voltage to 
3.75V (Vout/3.75V). For example: load regulation for an 
output current change of 1 mA to 1 50mA is -1 2mV typical 
at Vout = 3.75V. At Vout = 1 2 V, load regulation would be: 

® x H 2mV H- 3 8«'V) 

Thermal Considerations 

Power handling capability will be limited by maximum 
rated junction temperature (1 25°C). Power dissipated by 
the device will be made up of two components: 

1 . Output current multiplied by the input/output voltage 
differential: Iout * (Vin - Vout), and 

2. Ground pin current multiplied by the input voltage: 
Ignd x V|N- 

The ground pin current can be found by examining the 
Ground Pin Current curves in the Typical Performance 
Characteristics. Power dissipation will be equal to the sum 
of the two components listed above. 

The LT1 121 series regulators have internal thermal limit- 
ing designed to protect the device during overload condi- 
tions. For continuous normal load conditions the maxi- 
mum junction temperature rating of 125°C must not be 
exceeded. It is important to give careful consideration to 
all sources of thermal resistance from junction to ambient. 
Additional heat sources mounted nearby must also be 
considered. 

Heat sinking, for surface mount devices, is accomplished 
by using the heat spreading capabilities of the PC board 
and its copper traces. Copper board stiffeners and plated 
through holes can also be used to spread the heat gener- 
ated by power devices. Tables 1 through 5 list thermal 
resistances for each package. Measured values of thermal 
resistance for several different board sizes and copper 
areas are listed for each package. All measurements were 
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taken in still air, on 3/32" FR-4 board with loz copper. All 
NC leads were connected to the ground plane. 

Table 1. N8 Package* 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq mm 

2500 sq. mm 

2500 sq. mm 

80°C/W 

1000 sq mm 

2500 sq. mm 

2500 sq. mm 

80°C/W 

225 sq mm 

2500 sq. mm 

2500 sq. mm 

85°C/W 

1000 sq mm 

1000 sq. mm 

1000 sq. mm 

91°C/W 


* Device is mounted on topside. Leads are through hole and are soldered 


to both sides of board. 


Table 2. S8 Package 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

120°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

120°C/W 

225 sq. mm 

2500 sq. mm 

2500 sq. mm 

125°C/W 

100 sq. mm 

1000 sq. mm 

1000 sq. mm 

131°C/W 


* Device is mounted on topside. 

Table 3. AS8 Package* 


COPPER AREA 

BOARD AREA 


TOPSIDE** 

BACKSIDE 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

60°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

60°C/W 

225 sq. mm 

2500 sq. mm 

2500 sq. mm 

68°C/W 

100 sq. mm 

2500 sq. mm 

2500 sq. mm 

74°C/W 


* Pins 3, 6, and 7 are ground. 

** Device is mounted on topside. 

Table 4. SOT-223 Package 

(Thermal Resistance Junction-to-Tab 20°C/W) 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

50°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

50°C/W 

225 sq.mm 

2500 sq. mm 

2500 sq. mm 

58°C/W 

100 sq. mm 

2500 sq. mm 

2500 sq. mm 

64°C/W 

1000 sq. mm 

1000 sq. mm 

1000 sq. mm 

57°C/W 

1000 sq. mm 

0 

1000 sq. mm 

60°C/W 


* Tab of device attached to topside copper 


Table 5. TO-92 Package 

THERMAL 

RESISTANCE 

Package alone 

220°C/W 

Package soldered into PC board with plated 
through holes only 

175°C/W 

Package soldered into PC board with 1/4 sq. inch of 
copper trace per lead 

145°C/W 

Package soldered into PC board with plated through holes 
in board, no extra copper trace, and a clip-on type 
heat sink: Thermalloy type 2224B 

Aavid type 5754 

160°C/W 

135°C/W 


Calculating Junction Temperature 

Example: given an output voltage of 3.3V, an input voltage 
range of 4.5V to 7V, an output current range of OmA to 
100mA, and a maximum ambient temperature of 50°C, 
what will the maximum junction temperature be? 

Power dissipated by the device will be equal to: 

>0UT MAX x (V|N MAX - Vout) + (IgND X Vin) 

where, Ioutmax = 100mA 
Vin max = 7V 

Iqnd at (Iout = 1 00mA, Vin = 7 V) = 5mA 

so, P = 1 00mA x (7V - 3.3V) + (5mA x 7V) 

= 0.405W 

If we use an SOT-223 package, then the thermal resistance 
will be in the range of 50°C/W to 65°C/W depending on 
copper area. So the junction temperature rise above 
ambient will be less than or equal to: 

0.405W x 60°C/W = 24°C 

The maximum junction temperature will then be equal to 
the maximum junction temperature rise above ambient 
plus the maximum ambient temperature or: 

Tjmax = 50°C + 24°C = 74°C 

Output Capacitance and Transient Performance 

The LTC1 1 21 is designed to be stable with a wide range of 
output capacitors. The minimum recommended value is 
IpiF with an ESR of 3a or less. For applications where 
space is very limited, capacitors as low as 0.33pF can be 
used if combined with a small series resistor. Assuming 
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that the ESR of the capacitor is low (ceramic) the sug- 
gested series resistor is shown in Table 5. The LT1121 is 
a micropower device and outputtransient response will be 
a function of output capacitance. See the Transient Re- 
sponsecurves intheTypical Performance Characteristics. 
Larger values of output capacitance will decrease the peak 
deviations and provide improved output transient re- 
sponse. Bypass capacitors, used to decouple individual 
components powered by the LT1121, will increase the 
effective value of the output capacitor. 


Table 5. 


OUTPUT CAPACITANCE 

SUGGESTED SERIES 
RESISTOR 

0.33|iF 

2Q 

0.47|aF 

IQ 

0.68|liF 

IQ 

>1 |llF 

None Needed 


Protection Features 

The LT1 1 21 incorporates several protection features which 
make it ideal for use in battery-powered circuits. In addi- 
tion to the normal protection features associated with 
monolithic regulators, such as current limiting and ther- 
mal limiting, the device is protected against reverse input 
voltages, reverse output voltages, and reverse voltages 
from output to input. 

Current limit protection and thermal overload protection 
are intended to protect the device against current overload 
conditions at the output of the device. For normal opera- 
tion, the junction temperature should not exceed 125°C. 

The input of the device will withstand reverse voltages of 
30V. Current flow into the device will be limited to less than 
1 mA (typically less than lOOgA) and no negative voltage 
will appear at the output. The device will protect both itself 
and the load. This provides protection against batteries 
that can be plugged in backwards. 

For fixed voltage versions of the device, the output can be 
pulled below ground without damaging the device. If the 
input is open circuit or grounded the output can be pulled 
below ground by 20V. The output will act like an open 
circuit, no current will flow out of the pin. If the input is 
powered by a voltage source, the output will source the 


short-circuit current of the device and will protect itself by 
thermal limiting. For the adjustable version of the device, 
the output pin is internally clamped at one diode drop 
below ground. Reverse current for the adjustable device 
must be limited to 5mA. 

In circuits where a backup battery is required, several 
different input/output conditions can occur. The output 
voltage may be held up while the input is either pulled to 
ground, pulled to some intermediate voltage, or is left 
open circuit. Current flow back into the output will vary 
depending on the conditions. Many battery-powered cir- 
cuits incorporate some form of power management. The 
following information will help optimize battery life. Table 
6 summarizes the following information. 

The reverse output current will follow the curve in Figure 
2 when the input pin is pulled to ground. This current flows 
through the output pin to ground. The state of the shut- 
down pin will have no effect on output current when the 
input pin is pulled to ground. 

In some applications it may be necessary to leave the input 
to the LT1 1 21 unconnected when the output is held high. 
This can happen when the LT1121 is powered from a 
rectified AC source. If the AC source is removed, then the 
input of the LT1121 is effectively left floating. The reverse 
output current also follows the curve in Figure 2 if the input 
pin is left open. The state of the shutdown pin will have no 
effect on the reverse output current when the input pin is 
floating. 



OUTPUT VOLTAGE (V) 


Figure 2. Reverse Output Current 
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When the input of the LT1 1 21 is forced to a voltage below 
its nominal output voltage and its output is held high, the 
reverse output current will still follow the curve in Figure 
2. This condition can occur if the input of the LT1121 is 
connected to a discharged (low voltage) battery and the 
output is held up by either a backup battery or by a second 
regulator circuit. When the input pin is forced below the 
output pin or the output pin is pulled above the input pin, 
the input current will typically drop to less than 2pA (see 
Figure 3). The state of the shutdown pin will have no effect 
on the reverse output current when the output is pulled 
above the input. 



0 1 2 3 4 5 

INPUT VOLTAGE (V) 


1121 F03 

Figure 3. Input Current 


Table 6. Fault Conditions 


INPUT PIN 

SHDN PIN 

OUTPUT PIN 


<Vout (Nominal) 

Open (Hi) 

Forced to Vout (Nominal) 

Reverse Output Current * 15pA (See Figure 2) 

Input Current « 1 pA (See Figure 3) 

< Vout (Nominal) 

Grounded 

Forced to Vout (Nominal) 

Reverse Output Current « 15pA (See Figure 2) 

Input Current « 1 pA (See Figure 3) 

Open 

Open (Hi) 

Forced to Vout (Nominal) 

Reverse Output Current « 15pA (See Figure 2) 

Open 

Grounded 

Forced to Vout (Nominal) 

Reverse Output Current « 15pA (See Figure 2) 

< 0.8V 

Open (Hi) 

<0V 

Output Current = 0 

< 0.8V 

Grounded 

<0V 

Output Current = 0 

>1.5V 

Open (Hi) 

<0V 

Output Current = Short-Circuit Current 

-30V < V,n < 30V 

Grounded 

<0V 

Output Current = 0 
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Regulators with Shutdown 


FCATURCS 


DCSCRIPTIOR 


■ 0.4V Dropout Voltage 

■ 700mA Output Current 

■ 50pA Quiescent Current 

■ No Protection Diodes Needed 

■ Adjustable Output from 3.8V to 30V 

■ 3.3V and 5V Fixed Output Voltages 

■ Controlled Quiescent Current in Dropout 

■ Shutdown 

■ 16(jA Quiescent Current in Shutdown 

■ Stable with 3.3pF Output Capacitor 

■ Reverse Battery Protection 

■ No Reverse Output Current 

■ Thermal Limiting 

■ Surface Mount 

application 

■ Low Current Regulator 

■ Regulator for Battery-Powered Systems 

■ Post Regulator for Switching Supplies 

■ 5 V to 3.3V Logic Regulator 


The LT 1 1 29/LT 1 1 29-3.3/LT 1 1 29-5 are micropower low 
dropout regulators with shutdown. The devices are ca- 
pable of supplying 700mA of output current with a drop- 
out voltage of 0.4V at maximum output. Designed for use 
in battery-powered systems the low quiescent current, 
50pA operating and 16pA in shutdown, make them 
an ideal choice. The quiescent current does not rise 
in dropout as it does with many other low dropout 
PNP regulators. 

Other features of the LT1129 /LT1129-3.3/LT1 129-5 in- 
clude the ability to operate with small output capacitors. 
They are stable with only 3.3gF on the output while most 
older devices require between 1 0gF and 1 0OpF for stabil- 
ity. Also the input may be connected to ground ora reverse 
voltage without reverse current flow from output to input. 
This makes the LT1 1 29/LT1 1 29-3.3/LT1 1 29-5 ideal for 
backup power situations where the output is held high and 
the input is at ground or reversed. Underthese conditions, 
only 16pA will flow from the output pin to ground. The 
devices are available in 5-lead TO-220, 5-lead DD, and 
3-lead SOT-223 packages. 



TYPICAL APPUCATIOA 


5V Supply with Shutdown 


5 

IN OUT 

1 


. 5V OUT 

1 


1 

500mA 

_L 

LT1 129-5 


+_ 

- 3.3|o.F 

I _« 

SENSE 

2 


^ SOLID TANTALUM 


SHDN 

- 


GND 




? 


Vshdn(PIN4) 

OUTPUT 

<0.25 

OFF 

>2.8 

ON 

NC 

ON 


Dropout Voltage 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

OUTPUT CURRENT (A) 


LT1 129 ♦ TA02 
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Input Voltage ±30V* 

Output Pin Reverse Current 10mA 

Sense Pin Current 10mA 

Adjust Pin Current 10mA 

Shutdown Pin Input Voltage (Note 1) 6.5V, -0.6V 

Shutdown Pin Input Current (Note 1) 20mA 

Output Short-Circuit Duration Indefinite 


Storage Temperature Range -65°C to 150°C 

Operating Junction Temperature Range (Note 2) 

LT1129C-X 0°C to 125°C 

LT1129C-X Extended Temperature Range 

(Note 11) -40°C to 125°C 

LT1129I-X -40°C to 125°C 

Lead Temperature (Soldering, 10 sec) 300°C 


* For applications requiring input voltage ratings greater than 30V, contact the factory. 


PACKRGE/ORDER MFORmRTIOn 



r 

5 


TAB 


4 


IS 


O 3 


GND 


2 



V 

1 



□ VlN 
DSHDN 
D GND 

] SENSE/ADJ* 
] OUTPUT 


Q PACKAGE 
5-LEAD DD 


*PIIM 2 = SENSE FOR LT1 1 29-3.3/LT1 129-5 
= ADJ FOR LT1129 

0j A = 30°C/W 


OUTPUT |T | 
SENSE/ rT i 
ADJ* 1^- p 

GND [7 | 
NCUj 


j] V|N 
7] GND 
T] GND 
yjSHDN 


S8 PACKAGE 
8-LEAD PLASTIC SO 

*PIN 2 = SENSE FOR LT1 1 29-3.3/LT1 1 29-5 
= ADJ FOR LT1129 
0JA ~ 60°C/W 





7] OUTPUT 


O 

5 

1 V|N 

TAB 

IS 

GND 



7]gnd 


3 

2 

1 

~ — 1 GND 

i SENSE/ADJ* 

1 OUTPUT 




I]V|N 


T PACKAGE 



ST PACKAGE 

3-LEAD PLASTIC SOT-223 


0 JA «5O°C/W 


TAB IS 
GND 


5-LEAD TO-220 

*PIN 2 = SENSE FOR LT1129-3.3/LT1 129-5 
= ADJ FOR LT1129 

0 JA « 50°C/W 


ORDER PART NUMBER 


ORDER PART 
NUMBER 


PART 

MARKING 


ORDER PART NUMBER 


ORDER PART NUMBER 


LT1129CQ 

LT1129CQ-3.3 

LT1129CQ-5 

LT1129IQ 

LT1 1 29IQ-3.3 

LT1129IQ-5 


LT1129CS8 
LT1129CS8-3.3 
LT1 1 29CS8-5 
LT1129IS8 
LT1129IS8-3.3 
LT1 1 29IS8-5 


1129 

11293 

11295 


LT1129CST-3.3 
LT1 1 29CST-5 
LT1 1 29IST-3.3 
LT1 1 29IST-5 


LT1129CT 

LT1129CT-3.3 

LT1129CT-5 

LT1129IT 

LT1 1 29IT-3.3 

LT1129IT-5 


Consult factory for Military grade parts. 


€l€CTRICRl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulated Output Voltage 

LT1 129-3.3 

V||\| = 3.8V, Iqut = 1 mA, Tj = 25°C 


3.250 

3.300 

3.350 

V 

(Notes 3,11) 


4.3V < V )N < 20V, 1 mA < Iqut < 700mA 

• 

3.200 

3.300 

3.400 

V 


LT1 129-5 

V|n = 5.5V, I 0 ut = 1 mA, Tj = 25°C 


4.925 

5.000 

5.075 

V 



6V < V IN < 20V, 1mA< Iqut < 700mA 

• 

4.850 

5.000 

5.150 

V 


LT1129 (Note 4) 

V||\| = 4.3V, l 0U T = 1 mA, Tj = 25°C 


3.695 

3.750 

3.805 

V 



4.8V < V| N < 20V, 1 mA < I 0U t < 700mA 

• 

3.640 

3.750 

3.860 

V 

Line Regulation (Note 11) 

LT1 129-3.3 

AV|n = 4.8V to 20V, Iqut = 1 mA 

• 


1.5 

10 

mV 


LT1 129-5 

AV||\| = 5.5V to 20V, l 0UT = 1mA 

• 


1.5 

10 

mV 


LT1129 (Note 4) 

AVim = 4.3V to 20V, I 0 ut = 1mA 

• 


1.5 

10 

mV 

Load Regulation (Note 11) 

LT1 129-3.3 

AIload = 1 mA to 700mA, Tj = 25°C 



6 

20 

mV 



AIload = 1 mA to 700mA 

• 


15 

30 

mV 


LT1 129-5 

AIload = 1 mA to 700mA, Tj = 25°C 



6 

20 

mV 



AIload = 1mA to 700mA 

• 


20 

30 

mV 


LT 1129 (Note 4) 

AIload = 1 mA to 700mA, Tj = 25°C 



6 

20 

mV 



AIload = 1mA to 700mA 

• 


15 

30 

mV 


4-126 


rrunm 

TECHNOLOGY 








LTn29/LT1129-3.3/LT1 129-5 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Dropout Voltage 

Load = 10mA, Tj = 25°C 




0.13 

0.20 

V 

(Note 5) 

Load = 1 0mA 


• 



0.25 

V 


li nAn = 100mA, T.i = 25°C 




0.25 

0.35 

V 


Load = 100mA 


• 



0.45 

V 


h dar = 500mA, T.i = 25°C 




0.37 

0.45 

V 


Load = 500mA 


• 



0.60 

V 


h had = 700mA, T.| = 25°C 




0.45 

0.55 

V 


Load = 700mA 


• 



0.70 

V 

Ground Pin Current 

Load = OniA 

• 


50 

70 

mA 

(Note 6) 

Load = 10mA 

• 


310 

450 

mA 


Load = 100mA 

• 


2.0 

3.5 

mA 


Load = 300mA 

• 


10 

20 

mA 


Load = 500mA 

• 


25 

45 

mA 


Load = 700mA 

• 


50 

90 

mA 

Adjust Pin Bias Current (Notes 4, 7) 

Tj = 25°C 



150 

300 

nA 

Shutdown Threshold 

Vout = Off to On 


• 


1.2 

2.8 

V 


Vout = On to Off 


• 

0.25 

0.75 


V 

Shutdown Pin Current (Note 8) 

Vshdn = 0V 

• 


6 

10 

MA 

Quiescent Current in Shutdown 

Vin = 6V, Vshdn = 0V 


• 


15 

25 

MA 

(Note 9) 








Ripple Rejection 

Vin - Vout = IV (Avg), V R ip PLE = 0.5V P „ P , 


58 

64 


dB 


Cripple = 1 20Hz, Load = 0.7A, Tj = 25°C 






Current Limit 

Vin-V 0 ut = 7V,Tj = 25°C 



1.2 

1.6 

A 

Input Reverse Leakage Current 

Vim = -20V, V 0UT = 0V 

• 

1.0 

mA 

Reverse Output Current (Note 10) 

LT1 129-3.3 

Vout = 3.3V, V| N = 0V 



16 

25 

ma 


LT1 129-5 

Vout = 5V,V| N = 0V 



16 

25 

MA 


LT1129 (Note 4) 

Vqut = 3.8 V, % = 0V 



16 

25 

ma 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: The shutdown pin input voltage rating is required for a low 
impedance source. Internal protection devices connected to the shutdown 
pin will turn on and clamp the pin to approximately 7 V or -0.6V. This 
range allows the use of 5V logic devices to drive the pin directly. For high 
impedance sources or logic running on supply voltages greater than 5.5V, 
the maximum current driven into the shutdown pin must be limited to less 
than 20mA. 

Note 2: For junction temperatures greater than 1 1 0°C, a minimum load of 
1 mA is recommended. For Tj > 1 1 0°C and Iout < 1 mA, output voltage 
may increase by 1%. 

Note 3: Operating conditions are limited by maximum junction 
temperature. The regulated output voltage specification will not apply for 
all possible combinations of input voltage and output current. When 
operating at maximum input voltage, the output current range must be 
limited. When operating at maximum output current the input voltage 
range must be limited. 

Note 4: The LT1129 is tested and specified with the adjust pin connected 
to the output pin. 

Note 5: Dropout voltage is the minimum input/output voltage required to 
maintain regulation at the specified output current. In dropout the output 


voltage will be equal to (V| N - V D ropout)- Dropout voltage is measured 
between the input pin and the output pin. External voltage drops between 
the output pin and the sense pin will add to the dropout voltage. 

Note 6: Ground pin current is tested with Vin = Vout (nominal) and a 
current source load. This means that the device is tested while operating 
in its dropout region. This is the worst case ground pin current. The 
ground pin current will decrease slightly at higher input voltages. 

Note 7: Adjust pin bias current flows into the adjust pin. 

Note 8: Shutdown pin current at Vshdn = 0 V flows out of the shutdown pin. 
Note 9: Quiescent current in shutdown is equal to the sum total of the 
shutdown pin current (6 jjA) and the ground pin current (9pA). 

Note 10: Reverse output current is tested with the input pin grounded. 

The output pin and the sense pin are forced to the rated output voltage. 
This current flows into the sense pin and out of the ground pin. For the 
LT1 129 (adjustable version) the sense pin is internally tied to the 
output pin. 

Note 11: For C grade devices Regulated Output Voltage, Line Regulation, 
and Load Regulation are guaranteed over the extended temperature range 
of -40°C to 125°C. These parameters are not tested or quality assurance 
sampled at -40°C. They are guaranteed by design, correlation and/or 
inference from 25°C and/or 0°C tests. 
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Guaranteed Dropout Voltage Dropout Voltage 




LT1 129-3.3 
Quiescent Current 



INPUT VOLTAGE (V) 


LT1 129-3.3 
Output Voltage 

3.400 
3.375 
>3.350 
< 3.325 
| 3.300 
fe 3.275 
§ 3.250 
3.225 
3.200 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1129-5 
Quiescent Current 



INPUT VOLTAGE (V) 


LT1 129-5 
Output Voltage 

5.100 

5.075 

_ 5.050 
> 

o 5.025 

£ 

o 5.000 
g 4.975 
° 4.950 
4.925 
4.900 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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■load = 1mA 



























— 































Iloai 

i = 1m 
























































Quiescent Current 


70 

60 

% 50 
zE 

LU 

£ 40 

ZD 

o 

S 30 

o 
c n 

^ 20 
a 

10 

0 











VSHDN 

= OPE 

N (HI) 



















\/r- 





i 


— vs 

HDN = * 

J v 



' 







] 








-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1129 G11 


LT1129 

Quiescent Current 








“ 1 — 
Iload 








Rload =f° 


/ 

\ 









/ 










/ 


Us 

1DN 

OPE 

:n (L 

r 




/ 


\ 


















1 


\ 








L 



_Vci 

1DN = 

= ov. 








v ol 




J. 





_L_ 





01 23456789 10 

INPUT VOLTAGE (V) 


1129 G13 


LT1129 

Adjust Pin Voltage 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1129 G05 


4-128 


rrunwi 

TECHNOLOGY 








GROUND PIN CURRENT (mA) GROUND PIN CURRENT (mA) 


LT1129/LT11 29-3 .3/LT11 29-5 
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LT1 129-3.3 
Ground Pin Current 



LT1 129-3.3 
Ground Pin Current 
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LT1 129-5 

Ground Pin Current 



01 23456789 10 

INPUT VOLTAGE (V) 

1129 G19 


LT1 129-5 

Ground Pin Current 


123456789 10 
INPUT VOLTAGE (V) 



LT1129 

Ground Pin Current 



LT1129 

Ground Pin Current 



INPUT VOLTAGE (V) 


Ground Pin Current 


1 1 1 

V,n = 3.3V (LT1 129-3.3) 
-V| N = 5V (LT1129-5) 

V| N = 3.75V (LT1 129) 
DEVICE IS OPERATING 
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Shutdown Pin Threshold 
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TYPICAL PCRFORmnnce CHRRRCTCRISTICS 

LT1 129-5 LT1 129-5 

Load Regulation Transient Response Transient Response 



TEMPERATURE (°C) TIME (*is) TIME (ms) 


pm Funcnons 

Input Pin: Power is supplied to the device through the 
input pin. The input pin should be bypassed to ground if 
the device is more than 6 inches away from the main input 
filter capacitor. In general, the output impedance of a 
battery rises with frequency so it is advisable to include a 
bypass capacitor in battery-powered circuits. A bypass 
capacitor in the range of IpF to 10pF is sufficient. The 
LT1129 is designed to withstand reverse voltages on the 
input pin with respect to both ground and the output pin. 
In the case of a reversed input, which can happen if a 
battery is plugged in backwards, the LT1129 will act as if 
there is a diode in series with its input. There will be no 
reverse current flow into the LT1129 and no reverse 
voltage will appear at the load. The device will protect both 
itself and the load. 

Output Pin: The output pin supplies power to the load. An 
output capacitor is required to prevent oscillations. See 
the Applications Information section for recommended 
value of output capacitance and information on reverse 
output characteristics. 

Shutdown Pin (SHDN): This pin is used to put the device 
into shutdown. In shutdown the output of the device is 
turned off. This pin is active low. The device will be shut 
down if the shutdown pin is actively pulled low. The 


shutdown pin current with the pin pulled to ground will be 
6pA. The shutdown pin is internally clamped to 7 V and - 
0.6V (one Vbe). This allows the shutdown pin to be driven 
directly by 5 V logic or by open collector logic with a pull- 
up resistor. The pull-up resistor is only required to supply 
the leakage current of the open collector gate, normally 
several microamperes. Pull-up current must be limited to 
a maximum of 20mA. A curve of shutdown pin input 
current as a function of voltage appears in the Typical 
Performance Characteristics. If the shutdown pin is not 
used it can be left open circuit. The device will be active, 
output on, if the shutdown pin is not connected. 

Sense Pin: For fixed voltage versions of the LT1129 
(LT1 129-3.3, LT1 129-5) the sense pin is the input to the 
error amplifier. Optimum regulation will be obtained at the 
point where the sense pin is connected to the output pin. 
For most applications the sense pin is connected directly 
to the output pin at the regulator. In critical applications 
small voltage drops caused by the resistance (R P ) of PC 
traces between the regulator and the load, which would 
normally degrade regulation, may be eliminated by con- 
necting the sense pin to the output pin atthe load as shown 
in Figure 1 (Kelvin Sense Connection). Note that the 
voltage drop across the external PC traces will add to the 
dropout voltage of the regulator. The sense pin bias 
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current is 15(xA at the nominal regulated output voltage. 
This pin is internally clamped to -0.6V (one Vbe). 

Adjust Pin: Forthe LT1 1 29 (adjustable version) the adjust 
pin is the input to the error amplifier. This pin is internally 
clamped to 6 V and -0.6V (one Vbe). This pin has a bias 
current of 1 50nA which flows into the pin. See Bias Current 
curve in the Typical Performance Characteristics. The 
adjust pin reference voltage is equal to 3.75V referenced 
to ground. 



Figure 1. Kelvin Sense Connection 


nppucfflions mFORmnnon 

The LT1129 is a micropower low dropout regulator with 
shutdown, capable of supplying 700mA of output current 
at a dropout voltage of 0.4V. The device operates with very 
low quiescent current (50pA). In shutdown the quiescent 
current drops to only 16pA. In addition to the low quies- 
cent current the LT1129 incorporates several protection 
features which make it ideal for use in battery-powered 
systems. The device is protected against reverse input 
voltages. In battery backup applications where the output 
can be held up by a backup battery when the input is pulled 
to ground, the LT1 1 29 acts like it has a diode in series with 
its output and prevents reverse current flow. 

Adjustable Operation 

The adjustable version of the LT1129 has an output 
voltage range of 3.75V to 30V. The output voltage is set by 
the ratio of two external resistors as shown in Figure 2. The 
device servos the output voltage to maintain the voltage at 
the adjust pin at 3.75V. The current in R1 is then equal to 
3.75V/R1. The current in R2 is equal to the sum of the 
current in R1 and the adjust pin bias current. The adjust pin 
bias current, 150nA at 25°C, flows through R2 into the 
adjust pin. The output voltage can be calculated according 
to the formula in Figure 2. The value of R1 should be less 
than 400k to minimize errors in the output voltage caused 
by the adjust pin bias current. Note that in shutdown the 
output is turned off and the divider current will be zero. 
Curves of Adjust Pin Voltage vs Temperature and Adjust 
Pin Bias Current vs Temperature appear in the Typical 


Performance Characteristics. The reference voltage at the 
adjust pin has a positive temperature coefficient of ap- 
proximately 15ppm/°C. The adjust pin bias current has a 
negative temperature coefficient. These effects are small 
and will tend to cancel each other. 

The adjustable device is specified with the adjust pin tied 
to the output pin. This sets the output voltage to 3.75V. 
Specifications for output voltages greater than 3.75V will 
be proportional to the ratio of the desired output voltage to 
3.75V (Vout/3.75V). For example: load regulation for an 
output current change of 1 mA to 700mA is -6mV typical 
at Vout = 3.75V. At Vout = 1 2V, load regulation would be: 



V 0 UT = 3.75V(l + Bf) + (l flD j-R2) 

V A OJ = 3.75V 

l A DJ = 150nAat25°C 

OUTPUT RANGE = 3.75V to 30V 


Figure 2. Adjustable Operation 
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Thermal Considerations 

The power handling capability of the device will be limited 
by the maximum rated junction temperature (1 25°C). The 
power dissipated by the device will be made up of two 
components: 

1 . Output current multiplied by the input/output voltage 
differential: Iout x (Vin - Vout), and 

2. Ground pin current multiplied by the input voltage: 

IgndxVin ■ 

The ground pin current can be found by examining the 
Ground Pin Current curves in the Typical Performance 
Characteristics. Power dissipation will be equal to the sum 
of the two components listed above. 

The LT1 129 series regulators have internal thermal limit- 
ing designed to protect the device during overload condi- 
tions. For continuous normal load conditions the maxi- 
mum junction temperature rating of 125°C must not be 
exceeded. It is important to give careful consideration to 
all sources of thermal resistance from junction to ambient. 
Additional heat sources mounted nearby must also be 
considered. 

For surface mount devices heat sinking is accomplished 
by using the heat spreading capabilities of the PC board 
and its copper traces. Experiments have shown that the 
heat spreading copper layer does not need to be electri- 
cally connected to the tab of the device. The PC material 
can be very effective at transmitting heat between the pad 
area, attached to the tab of the device, and a ground or 
power plane layer either inside or on the opposite side of 
the board. Although the actual thermal resistance of the PC 
material is high, the length/area ratio of the thermal 
resistor between layers is small. Copper board stiffeners 
and plated through holes can also be used to spread the 
heat generated by power devices. 

The following tables list thermal resistances for each 
package. For the TO-220 package, thermal resistance is 
given for junction-to-case only since this package is 
usually mounted to a heat sink. Measured values of 
thermal resistance for several different board sizes and 
copper areas are listed for each package. All measure- 
ments were taken in still air on 3/32“ FR-4 board with 1 -oz 
copper. This data can be used as a rough guideline in 


estimating thermal resistance. The thermal resistance for 
each application will be affected by thermal interactions 
with other components as well as board size and shape. 
Some experimentation will be necessary to determine the 
actual value. 


Table 1. Q Package, 5-Lead DO 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

25°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

27°C/W 

125 sq.mm 

2500 sq. mm 

2500 sq. mm 

35°C/W 


* Tab of device attached to topside copper 

Table 2. ST Package, 3-Lead SOT-223 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

45°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

45°C/W 

225 sq. mm 

2500 sq. mm 

2500 sq. mm 

53°C/W 

100 sq. mm 

2500 sq. mm 

2500 sq. mm 

59°C/W 


* Tab of device attached to topside copper 


Table 3. S8 Package, 8-Lead Plastic SOIC 


COPPER AREA 


THERMAL RESISTANCE 

TOPSIDE* 

BACKSIDE 

BOARD AREA 

(JUNCTION-TO-AMBIENT) 

2500 sq. mm 

2500 sq. mm 

2500 sq. mm 

55°C/W 

1000 sq. mm 

2500 sq. mm 

2500 sq. mm 

55°C/W 

225 sq. mm 

2500 sq. mm 

2500 sq. mm 

63°C/W 

100 sq. mm 

2500 sq. mm 

2500 sq. mm 

69°C/W 


* Device attached to topside copper 


T Package, 5-Lead TO-220 

Thermal Resistance (Junction-to-Case) = 5°C/W 

Calculating Junction Temperature 

Example: Given an output voltage of 3.3V, an input voltage 
range of 4.5V to 5.5V, an output current range of OmA to 
500mA, and a maximum ambient temperature of 50°C, 
what will the maximum junction temperature be? 

The power dissipated by the device will be equal to: 

Iout MAX x (V|N MAX - Vout) + (IgND X V|N max) 

where, Iout max = 500mA 
V|N MAX = 5.5V 

Iqnd 3t (Iqut = 500mA, V|fj = 5.5V) = 25mA 
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so, P = 500mA X (5.5V - 3.3V) + (25mA x 5.5V) 

= 1 .24W 

If we use a DD package, then the thermal resistance will be 
in the range of 25°C/W to 35°C/W depending on copper 
area. So the junction temperature rise above ambient will 
be approximately equal to: 

1 ,24W x 30°C/W = 37.2°C 

The maximum junction temperature will then be equal to 
the maximum junction temperature rise above ambient 
plus the maximum ambient temperature or: 

Tjmax = 50°C + 37.2°C = 87.2°C 

Output Capacitance and Transient Performance 

The LT1129 is designed to be stable with a wide range of 
output capacitors. The minimum recommended value is 
3.3pF with an ESR of 2D or less. The LT1129 is a 
micropower device and output transient response will be 
a function of output capacitance. See the Transient Re- 
sponse curves in the Typical Performance Characteristics. 
Larger values of output capacitance will decrease the peak 
deviations and provide improved output transient re- 
sponse. Bypass capacitors, used to decouple individual 
components powered by the LT1129, will increase the 
effective value of the output capacitor. 

Protection Features 

The LT1 1 29 incorporates several protection features which 
make it ideal for use in battery-powered circuits. In addi- 
tion to the normal protection features associated with 
monolithic regulators, such as current limiting and ther- 
mal limiting, the device is protected against reverse input 
voltages, and reverse voltages from output to input. For 
fixed voltage devices the output and sense pins are tied 
together at the output. 

Current limit protection and thermal overload protection 
are intended to protect the device against cu rrent overload 
conditions at the output of the device. For normal opera- 
tion, the junction temperature should not exceed 125°C. 

The input of the device will withstand reverse voltages of 
30V. Current flow into the device will be limited to less than 
1mA (typically less than 100pA) and no negative voltage 


will appear at the output. The device will protect both itself 
and the load. This provides protection against batteries 
that can be plugged in backwards. 

For fixed voltage versions of the device, the sense pin is 
internally clamped to one diode drop below ground. For 
the adjustable version of the device, the output pin is 
internally clamped at one diode drop below ground. If the 
output pin of an adjustable device, or the sense pin of a 
fixed voltage device, is pulled below ground, with the input 
open or grounded, current must be limited to less than 
5mA. 

In circuits where a backup battery is required, several 
different input/output conditions can occur. The output 
voltage may be held up while the input is either pulled to 
ground, pulled to some intermediate voltage, or is left 
open circuit. Current flow back into the output will vary 
depending on the conditions. Many battery-powered cir- 
cuits incorporate some form of power management. The 
following information will help optimize battery life. Table 
3 summarizes the following information. 

Output current will be minimized if the input pin of the 
LT1 1 29 is pulled to ground when the output is held high. 
Figure 3 shows reverse output current as a function of 
output voltage with the input pin pulled to ground. This 
current flows through the device to ground. This curve will 
hold as long as the input pin is pulled below about 0.8V or 
if the impedance from the input pin to ground is less than 
50kD. The state of the shutdown pin will have no effect on 
output current when the input pin is pulled to ground. 

In some applications it may be necessary to leave the input 
to the LT1 129 unconnected when the output is held high. 
This can happen when the LT1129 is powered from a 
rectified AC source. If the AC source is removed, then the 
input of the LT1129 is effectively left floating. In this 
configuration the reverse output current is slightly higher. 
It is roughly equal to the normal quiescent current. Note 
that in this configuration the state of the shutdown pin has 
a significant effect on the output current. Pulling the 
shutdown pin to ground will minimize the output current 
in this configuration. Figure 4 shows output current as a 
function of output voltage with the input pin floating (open 
circuit or connected to an input bypass capacitor) and the 
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shutdown pin floating (open circuit). Figure 5 shows 
output current as a function of output voltage with the 
input floating and the shutdown pin pulled to ground. 

When the input of the LT1 1 29 is forced to a voltage below 
its nominal output voltage and its output is held high, the 
output current will followthe curve shown in Figure 6 . This 


can happen if the input of the LT1129 is connected to a 
discharged (low voltage) battery and the output is held up 
by either a backup battery or by a second regulator circuit. 

Users with applications requiring lower reverse currents 
should contact the factory about the availability of a 
modified version of the LT1129. 


Table 4. Fault Conditions 


INPUT PIN 

SHDN PIN 

OUTPUT/SENSE PINS 


< 0.8V 

Open (Hi) 

Forced to V 0 ut (Nominal) 

Reverse Output Current « 15pA (See Figure 3) 

< 0.8V 

Grounded 

Forced to Vqut (Nominal) 

Reverse Output Current = 15jliA (See Figure 3) 

Open 

Open (Hi) 

>1V 

Reverse Output Current « 200(jA Peak (See Figure 4) 

Open 

Grounded 

>1V 

Reverse Output Current = 35pA at Vout = Vout (Nominal) (See Figure 5) 

0.8V < Vim < Vout 

Open (Hi) 

Forced to Vqut (Nominal) 

Reverse Output Current « 300pA Peak (See Figure 6) 

0.8V < V||\| < Vqut 

Grounded 

Forced to Vqut (Nominal) 

Reverse Output Current = 300pA (See Figure 6) 





OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (V) 


1129F03 


1129F05 


Figure 3. Reverse Output Current 


Figure 5. Reverse Output Current 



Figure 4. Reverse Output Current 



0 1 2 3 4 5 

INPUT VOLTAGE (V) 

1129F06 

Figure 6. Reverse Output Current 
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SECTION 4— POWER PRODUCTS 

POWER AND MOTOR CONTROL 

LTC1153, Auto-Reset Electronic Circuit Breaker 4-138 

LTC1154, High-Side Micropower MOSFET Driver 4-152 

LTC1157, 3.3V Dual Micropower High-Side/Low-Side MOSFET Driver 4-167 

L T1 161, Quad Protected High-Side MOSFET Driver 4-175 

L TCI 163/L TC1 165, Triple 1.8V to 6V High-Side MOSFET Drivers 4-186 

LT1248, Power Factor Controller 4-194 

LT1249, Power Factor Controller 4-205 

LTC1255, Dual 24V High-Side MOSFET Driver 4-215 
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FCATURCS 

■ Programmable Trip Delay: 15psto>100ms 

■ Programmable Trip Current: 1mA to >20A 

■ Programmbale Auto-Reset Time: 1ms to >10 sec. 

■ 4.5V to 18V Supply Range 

■ Drives Low Rds(ON) N-Channel MOSFETs 

■ Status Output Indicates Fault Condition 

■ Thermal Trip with PTC Thermistor 

■ 8pA Iq in Standby Mode 

■ No External Charge Pump Capacitors 

■ Available in 8-Pin SOIC 

application 

■ Power Bus Circuit Breaker 

■ SCSI Termination Power Protection 

■ Regulator Over-Current Protection 

■ Battery Short-Circuit Protection 

■ DC Motor Stall Protection 

■ Sensitive System Power Interrupt 


LTC1153 

Auto-Reset 
Electronic Circuit Breaker 

DcscmpTion 

The LTC1 153 electronic circuit breaker drives a low cost 
N-channel MOSFET to interrupt power to a sensitive 
electronic load in the event of an over-current condition. 
The breaker remains tripped for a period of time set by an 
external timing capacitor and then is automatically reset. 
This cycle continues until the over-current condition is 
removed, protecting both the sensitive load and the 
MOSFET switch. 

The trip current, trip delay time and auto-reset period are 
programmable over a wide range to accommodate a 
variety of load impedances. An active high shutdown input 
is also provided and interfaces directlytoa PTC thermistor 
for thermal circuit breaking. An open-drain output is 
provided to report breaker status to the pP. 

The LTC1 1 53 is available in both 8-pin DIP and 8-pin SOIC 
packages. 


TYPICAL APPUCATIOA 


5V/1A Electronic Circuit Breaker with 1ms Trip Delay, 

200ms Auto-Reset Period and 70°C Thermal Shutdown Trip Delay Time 



ALL COMPONENTS SHOWN ARE SURFACE MOUNT. 

* IMS026 INTERNATIONAL MANUFACTURING SERVICE, INC. (401) 683-9700 
** RL2006-1 00-70-30-PT 1 KEYSTONE CARBON COMPANY (814) 781-1591 

LTC1153»TA01 



CIRCUIT BREAKER CURRENT (A) 

LTC1153 *TA02 
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LTC1153 


absolute mnximum rrtirgs 

Supply Voltage 22 V 

Input Voltage (V s + 0.3V) to (GND - 0.3V) 

Timing Capacitor Voltage ... (VS + 0.3V) to (GND - 0.3V) 

Gate Voltage (VS + 24V) to (GND - 0.3V) 

Status Output Voltage 15V 


Current (Any Pin) 50mA 

Operating Temperature 

LTC1153C 0°C to 70°C 

Storage Temperature Range -65°c to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORmRTIOn 


TOP VIEW 
IN 

TIMING CAP 
STATUS 
GND 

N8 PACKAGE 
8-LEAD PLASTIC DIP 

LTC1 153 •ROOI 



H Vs 

T) DRAIN SENSE 
3 GATE 
1] SHUTDOWN 


Tjmax = 100°C, 0ja = 130°C/W (N8) 


ORDER PART 
NUMBER 


LTC1153CN8 


TOP VIEW 
IN 

TIMING CAP 
STATUS 
GND 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 

LTC1154«PO02 



3 Vs 

T | DRAIN SENSE 

XI gate 

T| SHUTDOWN 


Tjmax = 100°C, e JA =150°C/W 


ORDER PART 
NUMBER 


LTC1153CS8 


$8 PART MARKING 
1153 


Consult factory for Industrial and Military grade parts. 



CL6CTRICRL CHARACTERISTICS Vs = 4.5V to 18V, T a = 25°C, Cj = 0.1|oF, V S d = 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1153C 

MIN TYP MAX 

UNITS 

Vs 

Supply Voltage 


• 

4.5 18 

V 

Iq 

Quiescent Current OFF 

Vs = 5V, Vin = 0V 


8 20 

pA 

Iq 

Quiescent Current ON 

V S = 5V, Vin = 5 V 


85 120 

pA 

Iq 

Quiescent Current ON 

V s =12V, Vin = 5V 


180 400 

pA 

Vinh 

Input High Voltage 


• 

2 

V 

VlNL 

Input Low Voltage 


• 

0.8 

V 

1 IN 

Input Current 

0v < Vin < Vs 

• 

±1 

pA 

Cin 

Input Capacitance 



5 

PF 

VCT 

Timing Capacitor Threshold Voltage 

Vs = 5V 

Vs = 12V 


2.1 2.5 2.9 

2.0 2.6 3.2 

V 

V 

ICT 

Timing Capacitor Current 

Vs = 12V 


3.0 4.2 6.0 

pA 

VSDH 

Shutdown Input High Voltage 


• 

2 

V 

VSDL 

Shutdown Input Low Voltage 


• 

0.8 

V 

ISD 

Shutdown Input Current 

0V<Vin<Vs 

• 

±1 

pA 

Vsen 

Drain Sense Threshold Voltage 


• 

80 100 120 

75 100 125 

mV 

mV 

ISEN 

Drain Sense Input Current 

0V<V S EN<Vs 

• 

±0.1 

pA 
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€l€CTRICRl CHARACTERISTICS Vs = 4.5V to 18V, Ta = 25°C, Cj = O.IjliF, Vsd = OV unless otherwise noted. 







LTC1153C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

VgATE-Vs 

Gate Voltage Above Supply 

V S = 5V 

• 

6.0 

7.0 

9.0 

V 



V S = 6V 

• 

7.5 

8.3 

15.0 

V 



V s = 12V 

• 

15.0 

18.0 

25.0 

V 

VSTAT 

Status Output Low Voltage 

l S TAT = 400 |uA 

• 


0.05 

0.4 

V 

ISTAT 

Status Output Leakage Current 

VSTAT = 12V 

• 

1 

pA 

tON 

Turn-ON Time 

Vs = 5V, Cqate = 1 0OOpF 

Time for Vqate > Vs + 2V 


30 

110 

300 

MS 



Time for Vqate > Vs + 5V 


100 

450 

1000 

MS 



V s = 12V, Cqate = 1000pF 

Time for Vqate > Vs + 5V 


20 

80 

200 

MS 



Time for Vqate > Vs + 1 0V 


50 

160 

500 

MS 

tOFF 

Turn-OFF Time 

V s = 5V, Cqate = 1000pF 

Time for Vqate < IV 


10 

36 

60 

MS 



V s = 12V, Cqate = lOOOpF 

Time for Vqate < IV 


10 

28 

60 

MS 

Ttd 

Minimum Trip Delay 

Vs = 5 V, Cqate = 1000pF 

Time for Vqate < IV 


5 

25 

40 

MS 



V s = 12V, Cqate = lOOOpF 

Time for Vqate < IV 


5 

23 

40 

MS 

tsD 

Shutdown Turn-OFF Time 

V s = 5V, Cqate = lOOOpF 

Time for Vqate < IV 



17 

40 

MS 



V s = 12V, Cqate = lOOOpF 

Time for Vqate < IV 



13 

35 

MS 


The • denotes specifications which apply over the operating temperature range. 


TYPICAL P€AFOAmnnC€ characteristics 
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TYPICAL P€RFORmnnC€ CHRRRCT6RISTICS 
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typical PCRFonmnncc charactcristics 
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pin Funcnons 

Input and Shutdown Pins 

The LTC1 1 53 input pin is active high and activates all of the 
protection and charge pump circuitry when switched ON. 
The shutdown pin is designed to break the circuit if a 
secondary fault condition (over temperature, etc.) is de- 
tected. The LTC1153 logic and shutdown inputs are high 
impedance CMOS gates with ESD protection diodes to 
ground and supply and therefore should not be forced 
beyond the power supply rails. The shutdown pin should 
be connected to ground when not in use. 

Timing Capacitor Pin (Auto-Reset Timer) 

The small capacitor charging current (4.2pA) produces 
large delays with relatively small valued capacitors, but 
care must be taken to ensure that this current is not 
shunted to ground through a leaky capacitor or printed 
circuit board trace. The timing capacitor voltage is sensed 
by a high impedance CMOS comparator input with ESD 
clamp diodes to ground and supply and therefore should 
not be forced beyond the power supply rails. This pin can 
be grounded if the auto-reset function is not used. 

MOSFET Gate Drive Pin 

The MOSFET gate drive pin is either driven to ground when 
the switch is turned OFF or driven above the supply rail 
when the switch is turned ON. This pin is a relatively high 


impedance when driven above the rail (the equivalent of a 
few hundred kQ). Care should be taken to minimize any 
loading of this pin by parasitic resistance to ground or 
supply. 

Supply Pin 

The supply pin of the LTC1 1 53 serves two vital purposes. 
The first is obvious: it powers the input, gate drive, regu- 
lation and protection circuitry. The second purpose is less 
obvious: it provides a Kelvin connection to the top of the 
drain sense resistor for the internal lOOmV reference. 

The LTC1153 is designed to be continuously powered so 
that the gate of the MOSFET is actively driven at all times. 
If it is necessary to remove power from the supply pin and 
then re-apply it, the input pin (or enable pin) should be 
cycled a few milliseconds afterthe power is re-applied to 
reset the input latch and protection circuitry. Also, the 
input and enable pins should be isolated with 10k resistors 
to limit the current flowing through the ESD protection 
diodes to the supply pin. 

The supply pin of the LTC1153 should never be forced 
below ground as this may result in permanent damage to 
the device. A 300Q resistor should be inserted in series 
with the ground pin if negative supply voltage transients 
are anticipated. 
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Drain Sense Pin 

The drain sense pin is compared against the supply pin 
voltage. If the voltage at this pin is more than lOOmV 
below the supply pin, the input latch will trip and the 
MOSFET switch will be turned off. 

This pin is also a high impedance CMOS gate with ESD 
protection and therefore should not be forced beyond the 
power supply rails. 

Some loads, such as large supply capacitor, lamps, or 
motors require high inrush currents. An RC time is added 
between the sense resistor and the drain sense pin to 
ensure that the drain sense circuitry does not false trigger 


during start-up. This trip delay can be set from a few 
microseconds to many seconds. However, very long de- 
lays may putthe MOSFET switch in risk of being destroyed 
by a short-circuit condition, (see Applications Information 
Section). 

Status Pin 

The status pin is an open-drain output which is driven low 
whenever the breaker is tripped. A 51k pull-up resistor 
should be connected between this output and a logic 
supply. The status pins of multiple LTC1 1 53s can be OR’d 
together if independent fault sensing is not required. No 
connection is required to this pin when not in use. 
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LTC1153 OPERATION 

The LTC1 1 53 is an electronic circuit breaker with built-in 
MOSFET gate charge pump, over-current detection and 
auto-reset circuitry. The LTC1 153 consists of the follow- 
ing functional blocks: 

TTL and CMOS Compatible Inputs 

The LTC1153 input and shutdown input have been de- 
signed to accommodate a wide range of logic families. 
Both input thresholds are set at about 1 ,3V with approxi- 
mately lOOmV of hysteresis. 

A low standby current voltage regulator provides continu- 
ous bias for the TTL-to-CMOS converter. The TTL-to- 
CMOS converter output enables the rest of the circuitry. In 
this way the power consumption is kept to a minimum in 
the standby mode. 

Auto-Reset Timer 

An external timing capacitor, Cj, is ramped up by a small 
current whenever a fault is detected, i.e., the switch 
latched off. When the timing capacitor ramps up to ap- 
proximately 2.5V, the switch is turned back on and the 
timing capacitor discharged. If the circuit breaker output 
is still in an overload state, the breaker will latch off and this 
cycle will continue until the fault condition is removed. 


Internal Voltage Regulation 

The output of the TTL-to-CMOS converter drives two 
regulated supplies which power the low voltage CMOS 
logic and analog blocks. The regulator outputs are isolated 
from each other so that the noise generated by the charge 
pump logic is not coupled into the 1 0OmV reference or the 
analog comparator. 

Gate Charge Pump 

Gate drive for the MOSFET switch is produced by an 
adaptive charge pump circuit which generates a gate 
voltage substantially higher than the power supply volt- 
age. The charge pump capacitors are included on-chip and 
therefore no external components are required to generate 
the gate drive. 

Drain Current Sense 

The LTC1 1 53 is configured to sense the current flowing 
into the drain of an N-channel MOSFET switch. An internal 
1 0OmV reference is compared to the drop across a sense 
resistor (typically 0.002a to 0.1 Oa) in series with the 
drain lead. If the drop across this resistor exceeds the 
internal 1 0OmV threshold, the input latch is reset and the 
gate is quickly discharged via a relatively large N-channel 
transistor. 
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Controlled Gate Rise and Fall Times 

A/hen the input is switched ON and OFF, the gate is 
;harged by the internal charge pump and discharged in a 
controlled manner. The charge and discharge rates have 
)een set to minimize RFI and EMI emissions in normal 
jperation. If a short-circuit or current overload condition 
s encountered, the gate is discharged very quickly (typi- 
cally afew microseconds) by a large N-channel transistor. 


Status Output Driver 

The status circuitry continuously monitors the input and 
the gate charge control logic. The open-drain output is 
driven low when the input is turned ON and the breaker is 
latched off. The status circuitry is reset along with the input 
latch when the auto-reset circuitry retries the breaker or 
the input is cycled low. 


nppucOTions inFOftmnTion 

VIOSFET and Load Protection 

The LTC1153 protects the power MOSFET switch by 
emoving drive from the gate as soon as an over-current 
condition is detected and breaking the circuit to the load. 
Resistive and inductive loads can be protected with no 
external time delay in series with the drain sense pin. High 
nrush current loads, however, require that the trip delay 
:ime be set long enough to start the load but short enough 
:o ensure the safety of the MOSFET. 

Resistive Loads 

_oads that are primarily resistive should be protected with 
is short a delay as possible to minimize the amount of time 
hat the MOSFET switch or the load is subjected to an 
jverload condition. The drain sense circuitry has a built- 
n trip delay of approximately lOps to eliminate false 
riggering by power supply or load transient conditions. 
This delay is sufficient to “mask” short load current 
ransients and the starting of a small capacitor (<1pF) in 
parallel with the load. The drain sense pin can therefore be 
connected directly to the drain current sense resistor as 
chown in Figure 1. 

nductive Loads 

-oads that are primarily inductive, such as relays, sole- 
loids and stepper motor windings should be protected 
with as short a delay as possible to minimize the amount 
cf time that the MOSFET is subjected to an overload 
condition. The built-in 1 0ps trip delay will ensure that the 
creaker is not false-tripped by a supply or load transient. 
\lo external delay components are required as shown in 
: igure 2. 



Figure 1. Protecting Resistive Loads 



Figure 2. Protecting Inductive Loads 


Large inductive loads (>0.1 mH) may require diodes con- 
nected directly across the inductor to safely divert the 
stored energy to ground. Many inductive loads have these 
diodes included. If not, a diode of the proper current rating 


rruum 

TECHNOLOGY 


4-145 








LTC1153 


nppucOTions infonmnnon 

should be connected across the load, as shown in Figure Using the values shown in Figure 3, the start-up current is 

2, to safely divert the stored energy. less than 1 00mA and does not false-trip the breaker. 


Capacitive Loads 


Lamp Loads 


Large capacitive loads, such as complex electrical sys- 
tems with large bypass capacitors, should be powered 
using the circuit shown in Figure 3. The gate drive to the 
power MOSFET switch is passed through an RC delay 
network, R1 and Cl, which greatly reduces the turn on 
ramp rate of the switch. And since the MOSFET source 
voltage follows the gate voltage, the load is powered 
smoothly and slowly from ground. This dramatically re- 
duces the start-up current flowing into the supply capaci- 
tor/s which, in turn, reduces supply transients and allows 
for slower activation of sensitive electrical loads. (Diode, 
D1, provides a direct path for the LTC1153 protection 
circuitry to quickly discharge the gate). 



Figure 3. Powering Large Capacitive Loads 

The RC network, Rp and Cp, in series with the drain sense 
input should be set to trip based on the expected charac- 
teristics of the load after start-up. With this circuit, it is 
possible to power a large capacitive load and still react 
quickly (10ps) to break the circuit if a short-circuit condi- 
tion is encountered. The ramp rate at the output of the 
switch as it lifts off ground is approximately: 

dV/dt = (Vgate - V th )/(R 1 x Cl) 

And therefore the current flowing into the capacitor during 
start-up is approximately: 


The inrush current created by a lamp during turn-on can be 
10 to 20 times greater than the rated operating current. 
The circuit shown in Figure 4 shifts the trip threshold up by 
a factor of 1 1 :1 (to 30A) for 1 00ms while the bulb is turned 
on. The trip threshold then drops down to 2.7A after the 
inrush current has subsided. 



Figure 4. Lamp Driver with Delayed Protection 
Selecting Rp and Cp 

Figure 5 is a graph of normalized breaker trip time versus 
breaker current. This graph is used to select the two delay 
components, Rp and Cp, which make up a simple RC delay 
between the drain sense resistor and the drain sense input. 



BREAKER CURRENT (1 = SET CURRENT) 


•start-up = Cload x dV/dt 


Figure 5. Trip Delay Time vs Breaker Current 
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he Y axis of the graph is normalized to one RC time 
onstant. The X axis is normalized to the set current. (The 
9t current is defined as the current required to develop 
OOmV across the drain sense resistor). 

ote that the trip delay time is shorter for increasing levels 
f MOSFET current. This ensures that the total energy 
issipated by the MOSFET is always within the bounds 
stablished by the manufacturer for safe operation. (See 
IOSFET datasheet for further S.O.A. information). 

sing a Speed-Up Diode 

nother way to reduce the trip delay time is to “bypass” 
le delay resistor with a small signal diode as shown in 
igure 6. The diode will engage when the drop across the 
rain sense resistor exceeds about 0.7V, providing a direct 
ath to the sense pin and dramatically reducing the trip 
elay time. The drain sense resistor value is selected to 
mit the maximum DC breaker current to 4A. 



Figure 6. Using a Speed-Up Diode 


everse Battery Protection 

he LTC1153 can be protected against reverse battery 
onditions by connecting a resistor in series with the 
round lead as shown in Figure 7. The resistor limits the 
upply current to less than 50mA with -1 2 V applied. Since 
le LTC1153 draws very little current while in normal 
peration, the drop across the ground resistor is minimal, 
le 5 V piP (or control logic) is protected by the 10k 
isistors in series with the input and status pins. 


12V 



Figure 7. Reverse Battery Protection 


Current Limited Power Supplies 

The LTC1153 requires at least 3.5V at the supply pin to 
ensure proper operation. It is therefore necessary that the 
supply to the LTC1153 be held higher than 3.5V at all 
times, even when the output of the switch is short circuited 
to ground. The outputvoltage of a current limited regulator 
may drop very quickly during short-circuit and pull the 
supply pin of the LTC1153 below 3.5V before the shut- 
down circuitry has had time to respond and remove drive 
from the gate of the power MOSFET. A supply filter should 
be added as shown in Figure 8 which holds the supply pin 
of the LTC1153 high long enough for the over-current 
shutdown circuitry to respond and fully discharge the 
gate, i.e., break the circuit. 



Figure 8. Supply Filter for Current Limited Supplies 
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Five volt linear regulators with small output capacitors 
are the most difficult to protect as they can “switch” 
from a voltage mode to a current limited mode very 
quickly. The large output capacitors on many switching 
regulators, on the other hand, may be able to hold the 
supply pin of the LTC1 1 53 above 3.5V sufficiently long 
that this extra filtering is not required. 


Because the LTC1 1 53 is micropower in both the standby 
and ON state, the voltage drop across the supply filtei 
is less than 2mV, and does not significantly alter the 
accuracy of the 1 0OmV drain sense threshold voltage. 


tvpicai applications 


Over-Temperature Circuit Breaker 


Over-Voltage Circuit Breaker 



24V to 28V Over-Temperature Circuit Breaker 


24V to 28V Over-Temperature Circuit Breaker 
with Bootstrapped Supply 




** BOOTSTRAPPING REDUCES Iq ( 0 fF) TO 60piA, Iq (0N) = 1mA. 
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12V Lamp Oriver/Circuit Breaker 
with Auto-Reset 


Relay Driver with Over-Current Protection 
and Status Feedback 


: 0.33^F 
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IN 

v s 

c T 
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SD 
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COIL CURRENT LIMITED TO 350mA 
CONTACT CURRENT LIMITED TO 5A 
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^1N4001 ^ 


■TO 12V 
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LTC1153 • TA07 


SCSI Termination Power 1A Circuit Breaker with 
Auto-Reset and Ramped Turn-On 
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Logic Controlled Battery Switch with Reverse Battery Protection, 
Ramped Turn-On and 10|llA Standby Current 
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“4 Cell-to-5V” Regulator with 2A Current Limit, Auto-Reset, 
Ramped Turn-On and 10foA Standby Current 



12V Step-Up Regulator with Soft Start, Auto-Reset Circuit Breaker (Pre-Regulator), 
Status Feedback and IOjjA Standby Current 



12V Step-Up Regulator with 1A Circuit Breaker (Post Regulator), Breaker Status 
Feedback and Ramped Output 
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Auto-Reset Circuit Breaker with Programmable (1-6) Number of 
Retries Using Binary Counter 



DC Motor Driver with Stall-Current Circuit Breaking (Auto-Reset), 
Thermal Overload Shutdown and IOjjA Standby Current 




LTC1153-TA15 
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High-Side Micropower 
MOSFET Driver 


F€ATUR€S 

■ Fully Enhances N-Channel Power MOSFETs 

■ 8(jA Iq Standby Current 

■ 85pA Iq ON Current 

■ No External Charge Pump Capacitors 

■ 4.5V to 18V Supply Range 

■ Short-Circuit Protection 

■ Thermal Shutdown via PTC Thermistor 

■ Status Output Indicates Shutdown 

■ Available in 8-Pin SOIC 

APPLICATORS 

■ Laptop Computer Power Switching 

■ SCSI Termination Power Switching 

■ Cellular Telephone Power Management 

■ Battery Charging and Management 

■ High-Side Industrial and Automotive Switching 

■ Stepper Motor and DC Motor Control 


DCSCRIPTIOA 

The LTC1 1 54 single high-side gate driver allows using low 
cost N-channel FETs for high-side switching applications. 
An internal charge pump boosts the gate drive voltage 
above the positive rail, fully enhancing an N-channel MOS 
switch with no external components. Micropower opera- 
tion, with 8gA standby current and 85pA operating cur- 
rent, allows use in virtually all systems with maximum 
efficiency. 

Included on chip is programmable over-current sensing. 
A time delay can be added to prevent false triggering on 
high in-rush current loads. An active high shutdown input 
is also provided and interfaces directly to a standard PTC 
thermistorforthermal shutdown. An open-drain output is 
provided to report switch status to the pP. An active low 
enable input is provided to control multiple switches in 
banks. 

The LTC1 1 54 is available in both 8-pin DIP and 8-pin SOIC 
packages. 


TVPICAl APPUCATIOR 


Ultra-Low Voltage Drop High-Side Switch 
with Short-Circuit Protection 



ALL COMPONENTS SHOWN ARE SURFACE MOUNT. 

* IMS026 INTERNATIONAL MANUFACTURING SERVICE, INC. (401) 683-9700 
** NOT REQUIRED IF LOAD IS RESISTIVE OR INDUCTIVE. 
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SUPPLY VOLTAGE (V) 

LTC1153 »TA02 


4-152 


jjmm 







LTC1154 


ibsolutc mnximum rrtirgs 

upply Voltage 22 V 

iput Voltage (V s + 0.3V) to (GND - 0.3V) 

riable Input Voltage (V§ + 0.3V) to (GND - 0.3V) 

ate Voltage (V s + 24V) to (GND - 0.3V) 

tatus Output Voltage 15V 


Current (Any Pin) 50mA 

Operating Temperature 

LTC1154C 0°C to 70°C 

Storage Temperature Range -65°c to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


ikkrgc/ordcr inFORmRTion 



3 Vs 

T} DRAIN SENSE 
3 GATE 
T] SHUTDOWN 


N8 PACKAGE 
8-LEAD PLASTIC DIP 


LTC1154 * POOl 


Tjmax - 100°C, 0j A = 130°C/W (N8) 


ORDER PART 
NUMBER 


LTC1154CN8 


IN (T 
enable [7 
STATUS [7 
GND \± 


3 v s 

7] DRAIN SENSE 
T) GATE 
1] SHUTDOWN 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax = 100°C, e JA = 150°C/W 


ORDER PART 
NUMBER 


LTC1154CS8 


S8 PART MARKING 


1154 


insult factory for Industrial and Military grade parts. 



:l€CTRICRl CHRRRCTCRISTICS V s = 4.5V to 18V, T a = 25 C, V|ij = 0V, V SD = 0V unless otherwise noted. 


fMBOL 

PARAMETER 

CONDITIONS 

LTC1154C 

MIN TYP MAX 

UNITS 

; 

Supply Voltage 


• 

4.5 18.0 

V 


Quiescent Current OFF 

V s = 5V, V| N = OV 


8 20 

pA 


Quiescent Current ON 

Vs = 5V, Vim = 5V 


85 120 

pA 


Quiescent Current ON 

V S = 12V, V| N = 5 V 


180 400 

pA 

NH 

Input High Voltage 


• 

2 

V 

NL 

Input Low Voltage 


• 

0.8 

V 

J 

Input Current 

0V<V| N <V s 

• 

±1 

pA 

N 

Input Capacitance 



5 

PF 

ENH 

ENABLE Input High Voltage 


• 

3.5 2.6 

V 

ENL 

ENABLE Input Low Voltage 


• 

1.0 0.6 

V 

N 

ENABLE Input Current 

0V<V IN <V s 

! 

• 

±1 

pA 

SDH 

Shutdown Input High Voltage 


• 

2 

V 

SDL 

Shutdown Input Low Voltage 


• 

0.8 

V 

D 

Shutdown Input Current 

0V<V| N <Vs 

• 

±1 

pA 

SEN 

Drain Sense Threshold Voltage 


• 

80 100 120 

75 100 125 

mV 

mV 

EN 

Drain Sense Input Current 

OV < Vsen < Vs 

• 

±0.1 

pA 


CTLin^AB 
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LTC1154C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Vgate “ Vs 

Gate Voltage Above Supply 

V s = 5V 

• 

6.0 

7.0 

9.0 

V 



V S = 6V 

• 

7.5 

8.3 

15.0 

V 



V s = 12V 

• 

15.0 

18.0 

25.0 

V 

VsTAT 

Status Output Low Voltage 

•STAT = 400juA 

• 


0.05 

0.4 

V 

•STAT 

Status Output Leakage Current 

Vstat = 12V 

• 

1 

mA 

tON 

Turn-ON Time 

V s = 5V, Cgate = 1000 P F 

Time for Vqate > V$ + 2V 


30 

110 

300 

MS 



Time for Vqate > Vs + 5V 


100 

450 

1000 

MS 



V s = 12V, Cqate = 1000pF 

Time for Vqate > Vs + 5V 


20 

80 

200 

MS 



Time for Vqate > Vs + 10V 


50 

160 

500 

MS 

tOFF 

Turn-OFF Time 

Vs = 5V, C G ate = 1000pF 

Time for Vqate < IV 


10 

36 

60 

MS 



V s = 12V, Cqate = lOOOpF 

Time for Vqate < IV 


10 

28 

60 

MS 

fsc 

Short-Circuit Turn-OFF Time 

V S = 5V, Cqate = 1000pF 

Time for Vqate < IV 


5 

25 

40 

MS 



V s = 12V, Cqate = 1000pF 

Time for Vqate < IV 


5 

23 

40 

MS 

fSD 

Shutdown Turn-OFF Time 

V s = 5V, Cqate = 1000pF 

Time for Vqate < IV 



17 

40 

MS 



Vs = 12V, Cqate = 1000pF 

Time for Vqate < IV 



13 

35 

MS 


The • denotes specifications which apply over the operating temperature range. 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Standby Supply Current 
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cc 
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CO 
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LTC1154-TPC01 



Supply Current ON 



LTC1154*TPC02 


High-Side Gate Voltage 
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Input Threshold Voltage 


Drain Sense Threshold Voltage 


Low-Side Gate Voltage 
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Standby Supply Current 
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Input and Shutdown Pins 

The LTC1 1 54 input pin is active high and activates all of the 
protection and charge pump circuitry when switched ON. 
The shutdown pin is designed to immediately disable the 
switch if a secondary fault condition (over temperature, 
etc.) is detected. The LTC1 154 logic and shutdown inputs 
are high impedance CMOS gates with ESD protection 
diodes to ground and supply and therefore should not be 
forced beyond the power supply rails. The shutdown pin 
should be connected to ground when not in use. 


ENABLE Input Pin 

The ENABLE input can be used to enable a number of 
LTC1154 high-side switches in banks or to provide a 
secondary means o f control. It can also act as an inverting 
input. The ENABLE input is a high impedance CMOS gate 
with ESD clamp diodes to ground and supply and there- 
fore should not be forced beyond the power supply rails. 
This pin should be grounded when not in use. 

Gate Drive Pin 

The gate drive pin is either driven to ground when the 
switch is turned OFF or driven above the supply rail when 
the switch is turned ON. This pin is a relatively high 
impedance when driven above the rail (the equivalent of a 


few hundred to). Care should be taken to minimize any 
loading of this pin by parasitic resistance to ground or 
supply. 

Supply Pin 

The supply pin of the LTC1 1 54 serves two vital purposes. 
The first is obvious: it powers the input, gate drive, regu- 
lation and protection circuitry. The second purpose is less 
obvious: it provides a Kelvin connection to the top of the 
drain sense resistor for the internal lOOmV reference. 

The LTC1 1 54 is designed to be continuously powered so 
that the gate of the MOSFET is actively driven at all times. 
If it is necessary to remove power from the supply pin and 
then re-apply it, the input pin (or enable pin) should be 
cycled a few milliseconds aftert he power is re-applied to 
reset the input latch and protection circuitry. Also, the 
input and enable pins should be isolated with 1 0k resistors 
to limit the current flowing through the ESD protection 
diodes to the supply pin. 

The supply pin of the LTC1154 should never be forced 
below ground as this may result in permanent damage to 
the device. A 300L2 resistor should be inserted in series 
with the ground pin if negative supply voltage transients 
are anticipated. 
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Drain Sense Pin 

The drain sense pin is compared against the supply pin 
voltage. If the voltage at this pin is more than 1 0OmV below 
the supply pin, the input latch will be reset and the MOSFET 
gate will be quickly discharged. Cyclethe input, or ENABLE 
input, to reset the short-circuit latch and turn the MOSFET 
back on. 

This pin is also a high impedance CMOS gate with ESD 
protection and therefore should not be forced beyond the 
power supply rails. To defeat the over current protection, 
short the drain sense to supply. 

Some loads, such as large supply capacitors, lamps, or 
motors require high in-rush currents. An RC time delay 
can be added between the sense resistor and the drain 


sense pin to ensure that the drain sense circuitry does not 
false-trigger during start-up. This time constant can be set 
f rom afew microseconds to many seconds. However, very 
long delays may put the MOSFET in risk of being destroyed 
by a short-circuit condition, (see Applications Information 
Section). 

Status Pin 

The status pin is an open-drain output which is driven low 
whenever a fault condition is detected. A 51k pull-up 
resistor should be connected between this output and a 
logic supply. The status pins of multiple LTC1 154s can be 
OR’d together if independent fault sensing is not required. 
No connection is required to this pin when not in use. 


BLOCK DlflGRflm 
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TRUTH TRBLC 


INPUTS 

| OUTPUTS 

SWITCH 

IN 

EN 

SD 

GATE 

STATUS 

CONDITION 

X 

H 

x 

L 

H 

SWITCH OFF 

L 

X 

X 

L 

H 

SWITCH OFF 

H 

L 

L 

H 

H 

SWITCH ON 

H 

L 

L 

L 

L 

SWITCH LATCHED OFF 
(OVER CURRENT) 

H 

L 

1 

1 

L 

L 

SWITCH LATCHED OFF 
(SHUTDOWN) 


L = LOGIC LOW 

H = LOGIC HIGH I' = EDGE TRIGGERED 
X = IRRELEVANT J 


The Truth Table demonstrates how the LTC1154 receives 
inputs a nd returns status information to the pP. The 
ENABLE and input signal from the pP controls the switch 
in its normal operating mode, where the rise and fall time 
of the gate drive are controlled to limit EMI and RFI 
emissions. The shutdown and over-current detection cir- 
cuitry however, switch the gate off at a much higher rate 
to limit the exposure of the MOSFET switch and the load 
to dangerous conditions. The status pin remains high as 
long as the switch is operating normally, and is driven low 
only when a fault condition is detected. Note that the 
shutdown pin is edge-sensitive and latches the output off 
even if the shutdown pin returns to a low state. 


LTC1154 OPCRflTIOfl 

The LTC1 1 54 is a single micropower MOSFET driver with 
built-in protection, status feedback and gate charge pump. 
The LTC1154 consists of the following functional blocks: 

TTL and CMOS Compatible Inputs 

The LTC1154 input and shutdown input have been de- 
signed to accommodate a wide range of logic families. 
Both input thresholds are set at about 1 .3 V with approxi- 
mately lOOmV of hysteresis. 

A low standby current voltage regulator provides continu- 
ous bias for the TTL-to-CMOS converter. The TTL-to- 
CMOS converter output enables the rest of the circuitry. I n 
this way the power consumption is kept to a minimum in 
the standby mode. 


ENABLE Input 

The ENABLE input is CMOS compatible and inhibits the 
input signal whenever it is held logic high. This input 
should be grounded when not in use. 

Internal Voltage Regulation 

The output of the TTL-to-CMOS converter drives two 
regulated supplies which power the low voltage CMOS 
logic and analog blocks. The regulator outputs are isolated 
from each other so that the noise generated by the charge 


pump logic is not coupled into the 1 0OmV reference orthe 
analog comparator. 

Gate Charge Pump 

Gate drive for the MOSFET switch is produced by an 
adaptive charge pump circuit which generates a gate 
voltage substantially higher than the power supply volt- 
age. The charge pump capacitors are included on chip and 
therefore no external components are required to generate 
the gate drive. 

Drain Current Sense 

The LTC1 154 is configured to sense the current flowing 
into the drain of the power MOSFET in a high-side applica- 
tion. An internal 1 0OmV reference is compared to the drop 
across a sense resistor (typically 0.00212 to 0.100) in 
series with the drain lead. If the drop across this resistor 
exceeds the internal lOOmV threshold, the input latch is 
reset and the gate is quickly discharged via a large 
N-channel transistor. 

Controlled Gate Rise and Fall Times 

When the input is switched ON and OFF, the gate is 
charged by the internal charge pump and discharged in a 
controlled manner. The charge and discharge rates have 
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been set to minimize RFI and EMI emissions in normal 
operation. If a short-circuit or current overload condition 
is encountered, the gate is discharged very quickly (typi- 
cally a few microseconds) by a large N-channel transistor. 

Status Output Driver 

The status circuitry continuously monitors the fault detec- 
tion logic. This open-drain output is driven low when the 


gate of the MOSFET is driven low by the protection 
circuitry. The status circ uitry is re set along with the input 
latch when the input, or ENABLE input, is cycled. 


nppucnnons mFonmnnon 

MOSFET and Load Protection 

The LTC1154 protects the power MOSFET switch by 
removing drive from the gate as soon as an over-current 
condition is detected. Resistive and inductive loads can be 
protected with no external time delay in series with the 
drain sense pin. Lamp loads, however, require that the 
over-current protection by delayed long enough to start 
the lamp but short enough to ensure the safety of the 
MOSFET. 

Resistive Loads 

Loads that are primarily resistive should be protected with 
as shortadelay as possibleto minimize the amount of time 
that the MOSFET is subjected to an overload condition. 
The drain sense circuitry has a built-in delay of approxi- 
mately 1 0ps to eliminate false triggering by power supply 
or load transient conditions. This delay is sufficient to 
“mask” short load current transients and the starting of a 
small capacitor (<1pF) in parallel with the load. The drain 
sense pin can therefore be connected directly to the drain 
current sense resistor as shown in Figure 1. 

Inductive Loads 

Loads that are primarily inductive, such as relays, sole- 
noids and stepper motor windings should be protected 
with as short a delay as possible to minimize the amount 
of time that the MOSFET is subjected to an overload 
condition. The built-in 1 0ps delay will ensure that the over- 
current protection is not false-triggered by a supply or 
load transient. No external delay components are required 
as shown in Figure 2. 

Large inductive loads (>0.1mH) may require diodes con- 
nected directly across the inductor to safely divert the 


stored energy to ground. Many inductive loads have these 
diodes included. If not, a diode of the proper current rating 
should be connected across the load, as shown in Figure 
2, to safely divert the stored energy. 



Figure 1 . Protecting Resistive Loads 



Figure 2. Protecting Inductive Loads 
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Capacitive Loads 

Large capacitive loads, such as complex electrical sys- 
tems with large bypass capacitors, should be powered 
using the circuit shown in Figure 3. The gate drive to the 
power MOSFET is passed through an RC delay network, 
R1 and Cl , which greatly reduces the turn-on ramp rate of 
the switch. And since the MOSFET source voltage follows 
the gate voltage, the load is powered smoothly and slowly 
from ground. This dramatically reduces the start-up cur- 
rent flowing into the supply capacitor(s) which, in turn, 
reduces supply transients and allows for slower activation 
of sensitive electrical loads. (Diode, D1 , provides a direct 
path for the LTC1154 protection circuitry to quickly dis- 
charge the gate in the event of an over-current condition). 



Figure 3. Powering Large Capacitive Loads 


The RC network, Rd and Cp, in series with the drain sense 
input should be set to trip based on the expected charac- 
teristics of the load after start-up. With this circuit, it is 
possible to power a large capacitive load and still react 
quickly to an over-current condition. The ramp rate at the 
output of the switch as it lifts off ground is approximately: 

dV/dt = (VGATE-V TH )/(R1xC1) 

And therefore the current flowing into the capacitor during 
start-up is approximately: 

'sTART-UP = ClOAD x dV/dt 

Using the values shown in Figure 3, the start-up current is 
less than 100mA and does not false-trigger the drain 
sense circuitry which is set at 2.7A with a 1ms delay. 


Lamp Loads 

The in-rush current created by a lamp during turn-on can 
be 1 0 to 20 times greater than the rated operating current. 
The circuit shown in Figure 4 shifts the current limit 
threshold up by a factor of 1 1 :1 (to 30A) for 1 00ms when 
the bulb is first turned on. The current limit then drops 
down to 2.7A after the in-rush current has subsided. 



Figure 4. Lamp Driver with Delayed Protection 


Selecting Rp and Cp 

Figure 5 is a graph of normalized over-current shutdown 
time versus normalized MOSFET current. This graph is 
used to select the two delay components, Rp and Cp, 
which make up a simple RC delay between the drain sense 
resistor and the drain sense input. 



LTC1 154 • F05 


Figure 5. Over-Current Shutdown Time vs MOSFET Current 
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The Y axis of the graph is normalized to one RC time 
constant. The X axis is normalized to the current. (The set 
current is defined as the current required to develop 
lOOmV across the drain sense resistor). 

Note that the shutdown time is shorter for increasing 
levels of MOSFET current. This ensures that the total 
energy dissipated by the MOSFET is always within the 
bounds established by the manufacturer for safe opera- 
tion. (See MOSFET data sheet for further information). 

Using a Speed-Up Diode 

To reduce the amount of time that the power MOSFET is 
in a short-circuit condition, “bypass” the delay resistor 
with a small signal diode as shown in Figure 6. The diode 
will engage when the drop across the drain sense resistor 
exceeds about 0.7V, providing a direct path to the sense 
pin and dramatically reducing the amount of time the 


12V 



Figure 7. Reverse Battery Protection 

Since the LTC1154 draws very little current while in 
normal operation, the drop across the ground resistor is 
minimal. The 5 V pP (or control logic) is protected by the 
10k resistors in series with the input and status pins. 



Current Limited Power Supplies 

The LTC1154 requires at least 3.5V at the supply pin to 
ensure proper operation. It is therefore necessary that the 
supply to the LTC1154 be held higher than 3.5V at all 
times, even when the output of the switch is short circuited 
to ground. The output voltage of a current limited regulator 
may drop very quickly during short circuit and pull the 
supply pin of the LTC1154 below 3.5V before the shut- 
down circuitry has had time to respond and remove drive 
from the gate of the power MOSFET. A supply filter should 


Figure 6. Using a Speed-Up Diode 


MOSFET is in an overload condition. The drain sense 
resistor value is selected to limitthe maximum DC current 
to 2.8A. The diode conducts when the drain current 
exceeds 20A and reduces the turn-off time to 1 5jas. 

Reverse Battery Protection 

The LTC1154 can be protected against reverse battery 
conditions by connecting a resistor in series with the 
ground lead as shown in Figure 7. The resistor limits the 
supply current to less than 50mA with -12V applied. 



Figure 8. Supply Filter for Current Limited Supplies 
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be added as shown in Figure 8 which holds the supply pin of 
the LTC1154 high long enough for the over-current shut- 
down circuitry to respond and fully discharge the gate. 

Five volt linear regulators with small output capacitors are 
the most difficult to protect as they can “switch” from a 
voltage mode to a current limited mode very quickly. The 
large output capacitors on many switching regulators may 


be able to hold the supply pin of the LTC1154 above 3.5V 
sufficiently long that this extra filtering is not required. 

Because the LTC1 1 54 is micropower in both the standby and 
ON state, the voltage drop across the supply filter is less than 
2mV, and does not significantly alter the accuracy of the 
lOOmV drain sense threshold voltage. 


TVPicm nppucnnons 


High-Side Driver with Thermal Shutdown 


High-Side Driver with Over-Voltage Shutdown 



High-Side Driver with Under-Voltage Shutdown 


24V to 28V High-Side Switch with Thermal Shutdown 



tA 51k PULL-UP RESISTOR SHOULD BE CONNECTED 
BETWEEN STATUS OUTPUT AND 5 V LOGIC SUPPLY. 



5 V LOGIC SUPPLY. 
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High-Side Relay Driver with Over-Current 

24V to 28V Switch with Bootstrapped Supply Protection and Status Feedback 




tA 51 k PULL-UP RESISTOR SHOULD BE CONNECTED 
BETWEEN STATUS OUTPUT AND 5V LOGIC SUPPLY. 


+A51 k PULL-UP RESISTOR SHOULD BE CONNECTED 
BETWEEN STATUS OUTPUT AND 5V LOGIC SUPPLY. 



“4-Cell-to-5V” Extremely Low Voltage Drop Regulator with 
Over-Current Shutdown, Status Feedback, Ramped Turn-ON 
and 8pA Standby Current 



tA 51 k PULL-UP RESISTOR SHOULD BE CONNECTED BETWEEN 
STATUS OUTPUT AND 5 V LOGIC SUPPLY. 
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12V Step-Up Regulator with Ultra-Low Standby Current, 
Over-Current Protection and Status Feedback 



12V Step-Up Regulator with 1A Over-Current Protection, 
Switch Status Feedback and Ramped Output 
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Auto-Reset High-Side Switch with Over-Current 
and Over-Current Temperature Shutdown 



SCSI Termination Power Switch with 1A Over-Current Shutdown, 
Auto-Reset and Load Soft-Start 
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TECHNOLOGY 3.3 V Dual Micropower 

High-Side/Low-Side MOSFET Driver 


renTUftes 


D€SCRIPTIOn 


■ Allows Lowest Drop 3.3V Supply Switching 

■ Operates on 3.3V or 5V Nominal Supplies 

■ 3 Microamps Standby Current 

■ 80 Microamps ON Current 

■ Drives Low Cost N-Channel Power MOSFETs 

■ No External Charge Pump Components 

■ Controlled Switching ON and OFF Times 

■ Compatible with 3.3V and 5 V Logic Families 

■ Available in 8-Pin SOIC 

APPLICATION 

■ Notebook Computer Power Management 

■ Palmtop Computer Power Management 

■ P-Channel Switch Replacement 

■ Battery Charging and Management 

■ Mixed 5 V and 3.3 V Supply Switching 

■ Stepper Motor and DC Motor Control 

■ Cellular Telephones and Beepers 


The LTC1157 dual 3.3 V micropower MOSFET gate driver 
makes it possible to switch either supply or ground 
reference loads through a low Rps(ON) N-channel switch 
(N-channel switches are required at 3.3V because P- 
channel MOSFETs do not have guaranteed Rqs(on) with 
Vqs s 3.3V). The LTC1157 internal charge pump boosts 
the gate drive voltage 5.4V above the positive rail (8.7 V 
above ground), fully enhancing a logic level N-channel 
switch for 3.3V high-side applications and a standard N- 
channel switch for 3.3V low-side applications. The gate 
drive voltage at 5 V is typically 8.8V above supply (13.8V 
above ground), so standard N-channel MOSFET switches 
can be used for both high-side and low-side applications. 

Micropower operation, with 3pA standby current and 
80, uA operating current, makes the LTC1157 well suited 
for battery-powered applications. 

The LTC1157 is available in both 8-pin DIP and SOIC. 



TVPICAl APPLICATIOA 


Ultra Low Voltage Drop 3.3V Dual High-Side Switch 




2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


LTC11S7-TA02 
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Supply Voltage . -0.3V to 7V 

Any Input Voltage (V s + 0.3V) to (GND - 0.3V) 

Any Output Voltage (V s + 12V) to (GND - 0.3V) 

Current (Any Pin) 50mA 


Operating Temperature Range 

LTC1157C 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R MFORmATIOR 


TOP VIEW 

NC 
GATE 1 
GIMD 
INI 

N8 PACKAGE 
8-LEAD PLASTIC DIP 



TjMAX=100 o C,e JA =130°C/W 


ORDER PART 
NUMBER 


LTC1157CN8 


TOP VIEW 
NC 
GATE 1 
GND 
INI 

S8 PACKAGE 
8-LEAD PLASTIC SO 



Tjmax=1OO o C,0j A =15O°C/W 


ORDER PART 
NUMBER 


LTC1157CS8 


S8 PART MARKING 


1157 


Consult factory for Industrial and Military grade parts. 


aCCTRICRL CHARACTERISTICS Vs = 2.7 V to 5.5V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LTC1157C 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current OFF 

V s = 3.3V, V| N1 =V| N2 = 0V (Note 1) 



3 

10 

pA 


Quiescent Current ON 

V s = 3.3V, V| N = 3.3V (Note 2) 



80 

160 

pA 



V s = 5V, V,n = 5 V (Note 2) 



180 

400 

pA 

V|NH 

Input High Voltage 


• 

70% x V s 

V 

V|NL 

Input Low Voltage 


• 

1 5% x V s 

V 

l|N 

Input Current 

0V<V| N <V s 

• 

±1 

pA 

C|N 

Input Capacitance 



5 

PF 

Vgate-Vs 

Gate Voltage Above Supply 

V S = 3V 

• 

4.0 

4.7 

6.5 

V 



V s = 3.3V 

• 

4.5 

5.4 

7.0 

V 



V S = 5V 

• 

7.5 

8.8 

12.0 

V 

tON 

Turn-ON Time 

V s = 3.3V, C G ate = 1000pF 








Time for Vgate> Vs + IV 


30 

130 

300 

ps 



Time for Vqate > Vs + 2V 


75 

240 

750 

ps 



V s = 5V, C 6 AT e= 1000pF 








Time for Vgate > Vs + IV 


30 

85 

300 

ps 



Time for Vgate > Vs + 2V 


75 

230 

750 

ps 

tOFF 

Turn-OFF Time 

V s = 3.3V, Cqate = 1000pF 








Time for Vqate < 0.5V 


10 

36 

60 

ps 



V s = 5V, C G ate = 1000pF 








Time for Vqate < 0.5V 


10 

31 

60 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Quiescent current OFF is for both channels in OFF condition. 

Note 2: Quiescent current ON is per driver and is measured independently. 
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SUPPLY CURRENT (nA) INPUT THRESHOLD VOLTAGE (V) SUPPLY CURRENT (jaA) 


LTC1157 


TYPICRl PCRFORRIRRCC CHRRRCTCRISTICS 


Standby Supply Current Supply Current per Driver ON Gate Voltage Above Supply 



2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 



2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
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Input Pins: The LTC1157 input pins are active high and 
activate the charge pump circuitry when switched ON. The 
LTC1157 logic inputs are high impedance CMOS gates 
with ESD protection diodes to ground and supply and 
therefore should not be forced beyond the power supply 
rails. 

Gate Drive Pins: The gate drive pin is either driven to 
ground when the switch is turned OFF or driven above the 
supply rail when the switch is turned ON. This pin is a 


relatively high impedance when driven above the rail (the 
equivalent of a few hundred k£2). Care should be taken to 
minimize any loading of this pin by parasitic resistance to 
ground or supply. 

Supply Pin: The supply pin of the LTC1 157 should never 
be forced below ground as this may result in permanent 
damage to the device. A 3000 resistor should be inserted 
in series with the ground pin if negative supply voltage 
transients are anticipated. 


OPCRDTIOn 

The LTC1157 is a dual micropower MOSFET driver de- 
signed specifically for operation at 3.3 V and 5 V and 
includes the following functional blocks: 

3.3V Logic Compatible Inputs 

The LTC1 1 57 inputs have been designed to accommodate 
a wide range of 3.3V and 5 V logic families. Approximately 
50mV of hysteresis is provided to ensure clean switching. 

An ultra low standby current voltage regulator provides 
continuous bias for the logic-to-CMOS converter. The 
logic-to-CMOS converter output enables the rest of the 
circuitry. In this way the power consumption is kept to an 
absolute minimum in the standby mode. 


Gate Charge Pump 

Gate drive for the power MOSFET is produced by an 
internal charge pump circuit which generates a gate volt- 
age substantially higher than the power supply voltage. 
The charge pump capacitors are included on-chip and 
therefore no external components are required to generate 
the gate drive. 

Controlled Gate Rise and Fall Times 

When the input is switched ON and OFF, the gate is 
charged by the internal charge pump and discharged in a 
controlled manner. The charge and discharge rates have 
been set to minimize RFI and EMI emissions. 


BLOCK DlflGflflm (One Channel) 


Vs 



GND 
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MOSFET Selection 

The LTC1157 is designed to operate with both standard 
and logic level N-channel MOSFET switches. The choice of 
switch is determined primarily by the operating supply 
voltage. 

Logic Level MOSFET Switches at 3.3V 

Logic level switches should be used with the LTC1157 
when powered from 2.7V to 4V. Although there is some 
variation among manufacturers, logic level MOSFET 
switches are typically rated with Vqs = 4V with a maximum 
continuous Vqs rating of ±10V. Rds(ON) and maximum 
Vqs ratings are similar to standard MOSFETs and there is 
generally little price differential. Logic level MOSFETs are 
frequently designated by an “L” and are usually available 
in surface mount packaging. Some logic level MOSFETs 
are rated up to±1 5 V and can be used in applications which 
require operation over the entire 2.7V to 5.5 V range. 

Standard MOSFET Switches at 5V 

Standard N-channel MOSFET switches should be used 
with the LTC1 1 57 when powered from 4V to 5.5V supply 
as the built-in charge pump produces ample gate drive to 
fully enhance these switches when powered from a 5 V 
nominal supply. Standard N-channel MOSFET switches 
are rated with Vqs = 10V and are generally restricted to a 
maximum of ±20V. 

Powering Large Capacitive Loads 

Electrical subsystems in portable battery-powered equip- 
ment are typically bypassed with large filter capacitors to 
reduce supply transients and supply induced glitching. If 
not properly powered however, these capacitors may 
themselves become the source of supply glitching. 

For example, if a 100pF capacitor is powered through a 
switch with a slew rate of 0.1 V/ps, the current during start- 
up is: 

■start = C(dV/dt) 

= (100x10-®) (1 xIO 5 ) 

= 10A 


Obviously, this is too much current for the regulator (or 
output capacitor) to supply and the output will glitch by as 
much as a few volts. 

The start-up current can be substantially reduced by 
limiting the slew rate at the gate of an N-channel switch as 
shown in Figure 1. The gate drive output of the LTC1157 



Figure 1. Powering a Large Capacitive Load 

is passed through a simple RC network, R1 and Cl , which 
substantially slows the slew rate of the MOSFET gate to 
approximately 1.5 x 10 _4 V/ps. Since the MOSFET is 
operating as a source follower, the slew rate at the source 
is essentially the same as that at the gate, reducing the 
start-up current to approximately 15mA which is easily 
managed by the system regulator. R2 is required to 
eliminate the possibility of parasitic MOSFET oscillations 
during switch transitions. Also, it is good practice to 
isolate the gates of paralleled MOSFETs with 1 k resistors 
to decrease the possibility of interaction between switches. 

Reverse Battery Protection 

The LTC1157 can be protected against reverse battery 
conditions by connecting a 3000 resistor in series with 
the ground pin. The resistor limits the supply current to 
less than 12mA with -3.6V applied. Since the LTC1157 
draws very little current while in normal operation, the 
drop across the ground resistor is minimal. The 3.3V pP 
(or control logic) can be protected by adding 10k resistors 
in series with the input pins. 
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Ultra Low Drop 3 to 4 Cell Dual High-Side Switch 



LTC1157 *TAD3 



Mixed 3.3V and 12V High- and Low-Side Switching 



LTC1 1 57 • TA05 
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Ultra Low Voltage Drop Battery Switch with Reverse Battery 
Protection, Ramped Output and 3jliA Standby Current 




Generating 3.3V and 5V from a 3.3V or 5V Source 
(Automatic Switching) 



LTC1157 *TA07 


*CTX20-3 COILTRONICS 
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3.3V Ultra Low Voltage Drop Regulator with Optional Reverse 
Battery Protection and 3(oA Standby Current 


Q1 Q2 

IRLR024* IRLR024 



‘OPTIONAL REVERSE BATTERY PROTECTION. ADD R1 IN SERIES WITH THE 
GROUND LEAD AND ADD Q1 IN SERIES WITH THE BATTERY AS SHOWN. 
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TECHNOLOGY Quad Protected High-Side 


MOSFET Driver 


F€RTUR€S 


DCSCRIPTIOR 


■ Fully Enhances N-Channel MOSFET Switches 

■ 8V to 48V Power Supply Range 

■ Protected from -15V to 60V Supply Transients 

■ Individual Short-Circuit Protection 

■ Individual Automatic Restart Timers 

■ Programmable Current Limit, Delay Time, and 
Auto-Restart Period 

■ Voltage-Limited Gate Drive 

■ Defaults to OFF State with Open Input 

■ Flowthrough Input to Output Pinout 

■ Available in 20-Lead DIP or SOL Package 

RPPUCRTIORS 

■ Industrial Control 

■ Avionics Systems 

■ Automotive Switches 

■ Stepper Motor and DC Motor Control 

■ Electronic Circuit Breaker 


The LT1161 is a quad high-side gate driver allowing the 
use of low cost N-channel power MOSFETs for high-side 
switching applications. It has four independent switch 
channels, each containing a completely self-contained 
charge pump to fully enhance an N-channel MOSFET 
switch with no external components. 

Also included in each switch channel is a drain sense 
comparator that is used to sense switch current. When a 
preset current level is exceeded, the switch is turned off. 
The switch remains off for a period of time set by an 
external timing capacitor and then automatically attempts 
to restart. If the fault is still present, this cycle repeats until 
the fault is removed, thus protecting the MOSFET. 

The LT1161 has been specifically designed for harsh 
operating environments such as industrial, avionics, and 
automotive applications where poor supply regulation 
and/or transients may be present. The device will not 
sustain damage from supply voltages of -1 5 V to 60V. 
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Supply Voltages (Pins 1 1 , 20) —15V to 60V 

Input Voltages (Pins 3, 5, 7, 9) (GND - 0.3V) to 1 5V 

Gate Voltages (Pins 12, 14, 16, 18) 75V 

Sense Voltages (Pins 13, 15, 17, 19) V + ±5V 

Current (Any Pin) 50mA 

Operating Temperature Range 

LT1161C 0°C to 70°C 

LT1161I - 40°C to 85°C 

Junction Temperature Range (Note 1) 

LT1161C 0°C to 1 25°C 

LT1161I -40°C to 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmfiTIOfl 


GND [T 

TOP VIEW 

C7 

20] V + 

ORDER PART 
NUMBER 

TIMER1 [7 


if] SENSE 1 

LT1161CN 

INPUT 1 [T 


18] GATE 1 

TIMER 2 GE 


17] SENSE 2 

LT1161CS 

INPUT 2 [T 


W} GATE 2 

LT1161IN 

TIMER 3 [][ 


15] SENSE 3 

LT1161 IS 

INPUT 3 (T 


TO GATE 3 


TIMER 4 |T 


13] SENSE 4 


INPUT 4 Q[ 


12] GATE 4 


GND [TO 


TT] V + 


N PACKAGE S PACKAGE 


20-LEAD PLASTIC DIP 20-LEAD PLASTIC SOL 


0 JA = 7O°C/W(N) 

0j A = 11O°C/W(S) 



Consult factory for Military grade parts. 


€l€CTRICAl CHRRflCT€RISTICS Ta = 25°C, V + = 12V to 48V each channel, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Is 

Supply Current 

All Channels OFF (Note 2) 


3 

4.5 

6.5 

mA 

a, S(ON) 

Delta Supply Current (ON State) 

Measure Increase in Is per Channel 


1 1.35 

mA 

V|NH 

Input High Voltage 


• 

2 

V 

V|NL 

Input Low Voltage 


• 

0.8 

V 

l|N 

Input Current 

V,n = 2V 

• 

15 

30 

50 

pA 



V,n = 5V 

• 

55 

110 

185 

pA 

C|N 

Input Capacitance 



5 | 

PF 

VT(TH) 

Timer Threshold Voltage 

V||\| = 2V, Adjust Vj 

• 

2.7 

3 

3.3 

V 

Vt(CL) 

Timer Clamp Voltage 

V| N = 0.8V 


3.2 

3.5 

3.8 

V 

It 

Timer Charge Current 

Vin = V T = 2V 


9 

14 

20 

pA 

VSEN 

Drain Sense Threshold Voltage 



50 

65 

80 

mV 


Temperature Coefficient 




+0.33 


%/°C 

•sen 

Drain Sense Input Current 

V + = 48V, V S en = 65mV 



0.5 

1.5 

pA 

Vgate~ v+ 

Gate Voltage Above Supply 

V + = 8V 


4 

4.5 

6 

V 



V + = 12V 

• 

7 

8.5 

10 

V 



V + = 24V 

• 

10 

12 

14 

V 



V + = 48V 

• 

10 

12 

14 

V 

t0N 

Turn-ONTime 

V + = 24V, Vqate > 32V, C GA TE = 1 000pF 


100 

220 

400 

ps 

tOFF 

Turn-OFF Time 

V + = 24V, V GA te<2V, C GA TE = 1000pF 



75 

200 

ps 

tOFF(CL) 

Current Limit Turn-OFF Time 

V + = 24V, (V + - Vsense ) -> 0.1 V, Cqate = 1 000pF 



25 

50 

ps 


The • denotes specifications which apply over the full operating Note 2: Both V + pins (1 1 , 20) must be connected together and both 

temperature range. ground pins (1,10) must be connected together. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation P D according to the following formulas: 

LT1 1 61 CN, LT1 1 61 IN: Tj = T A + (P D x 70°C/W) 

LT1 1 61 CS, LT1 1 61 IS: Tj = T A + (P D x 1 1 0°C/W) 
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TURN-ON TIME (*is) SUPPLY CURRENT (mA) SUPPLY CURRENT (mA) 


LT 11 61 


TVPICRl P€RFOftmnnC€ CHARACTCRISTICS 


Supply Current MOSFET Gate Voltage Above V + MOSFET Gate Drive Current 



Supply Current Input Threshold Voltage 



Drain Sense Threshold Voltage 

_no 

% 100 

o 90 

§ 80 
> 

3 70 
o 

60 

| 50 

w 40 

| 30 

20 
Q 

10 

-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 




Turn-ON Time Driving MOSFET Turn-OFF Time Driving MOSFET Automatic Restart Period 



0 

10 20 30 40 

50 

0 

10 20 30 40 

50 

-50 

-25 0 25 50 75 100 


INPUT VOLTAGE (V) 



INPUT VOLTAGE (V) 



TEMPERATURE (°C) 



1161 G07 



161 G08 


1161 G09 
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Supply Pins: The two supply pins are internally connected 
and must also be externally connected. In addition to 
providing the operating current forthe LT1 1 61 , the supply 
pins also serve as the Kelvin connection for the current 
sense comparators. The supply pins must be connected to 
the positive side of the drain sense resistors for proper 
operation of the current sense. 

Input Pins: The input pins are active high and each pin 
activates a separate internal charge pump when switched 
ON. The input threshold isTTL/CMOS compatible but may 
be taken as high as 15V with or without the supply 
powered. Each input has approximately 200mV of hyster- 
esis and an internal 75k pull-down resistor. 

Gate Pins: The gate pins drive the power MOSFET gates. 
When an input is ON, the corresponding gate pin is 
pumped approximately 1 2 V above the supply. These pins 
have a relatively high impedance when above the rail (the 
equivalent of a few hundred kilohms). Care should be 
taken to minimize any loading by parasitic resistance to 
ground or supply. 

Sense Pins: Each sense pin connects to the input of a 
supply-referenced comparator with a 65mV nominal off- 
set. When a sense pin is taken more than 65mV below 


supply, the MOSFET gate forthat channel is driven low and 
the corresponding timing capacitor discharged. Each cur- 
rent-sense comparator operates completely independently. 
The 65m V typical threshold has a +0.33%/°C temperature 
coefficient, which closely matches the TC of drain sense 
resistors formed from copper PC traces. 

Some loads require high in-rush currents. An RC time 
delay can be added between the drain sense resistor and 
the sense pin to ensure that the current-sense comparator 
does not false trigger during start-up (see Applications 
Information). Flowever, a maximum of 1 0kO can be in- 
serted between a drain sense resistor and the sense pin. If 
current sense is not required in any channel, the sense pin 
for that channel is tied to supply. 

Timer Pins: A timing capacitor Cj from each timer pin to 
ground sets the restart time following overcurrent detec- 
tion. Cy is rapidly discharged to less than IV and then 
recharged by a 14pA nominal current source back to the 
timerthreshold, whereupon restart is attempted. If current 
sense is not required in any channel, the timer pin forthat 
channel is left open. 

Ground Pins: The two ground pins are internally con- 
nected and must also be externally connected. 


FuncTionni DiAGRnm (Each Channel) 
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OP€RfiTIOn (Each Channel, Refer to Functional Diagram) 

The LT1161 gate pin has two states, OFF and ON. In the 
OFF state it is held low, while in the ON state it is pumped 
to 12V above supply by a self-contained 750kHz charge 
pump. The OFF state is activated when either the input pin 
is below 1 .4V orthe timer pin is below 3 V. Conversely, for 
the ON state to be activated, both the input and timer pins 
must be above their thresholds. 

If left open, the input pin is held low by a 75k resistor, while 
the timer pin is held a diode drop above 3V by a 1 4pA pull- 
up current source. Thus the timer pin automatically re- 
verts to the ON state, subject to the input also being high. 

The input has approximately 200mV of hysteresis. 

The sense pin normally connects to the drain of the power 
MOSFET, which returns through a low valued drain sense 
resistor to supply. When the gate is ON and the MOSFET 
drain current exceeds the level required to generate a 
65mV drop across the drain sense resistor, the sense 
comparatoractivatesapull-downNPN which rapidly pulls 
the timer pin below 3 V. This in turn causes the timer 
comparator to override the input pin and activate the gate 
pin OFF state, thus protecting the power MOSFET. In order 
for the sense comparator to accurately sense MOSFET 
drain current, the LT1 1 61 supply pins must be connected 
directly to the positive side of the drain sense resistors. 


When the MOSFET gate voltage is less than 1 ,4V, the timer 
pin is released. The 14pA current source then slowly 
charges the timing capacitor back to 3 V where the charge 
pump again starts to drive the gate pin high. If a fault still 
exists, such as a short circuit, the sense comparator 
threshold will again be exceeded and the timer cycle will 
repeat until the fault is removed (see Figure 2). 

OFF NORMAL OVERCURRENT NORMAL 

INPUT f ._ 



Figure 2. Timing Diagram 


flppucnnons mFOftmmion 

Input/Supply Sequencing 

There are no input/supply sequencing requirements for 
the LT1161. The input may be taken up to 15V with the 
supply at OV. When the supply is turned on with an input 
high, the MOSFET turn-on will be inhibited until the timing 
capacitor charges to 3V (i.e., for one restart cycle). The 
two V + pins (11, 20) must always be connected to each 
other. 

Isolating the Inputs 

Operation in harsh environments may require isolation to 
prevent ground transients from damaging control logic. 
The LT1161 easily interfaces to low cost opto-isolators. 
The network shown in Figure 3 ensures that the input will 
be pulled above 2 V, but not exceed the absolute maximum 


rating, for supply voltages of 12V to 48V over the entire 
temperature range. In order to maintain the OFF state, the 
opto must have less than 20pA of dark current (leakage) 
hot. 

12V TO 48V 



Figure 3. Isolating the Inputs 
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Drain Sense Configuration 

The LT1 1 61 uses supply-referenced current sensing. One 
input of each channel’s current-sense comparator is con- 
nected to a drain sense pin, while the second input is offset 
65mV below the supply bus inside the device. For this 
reason, pins 1 1 and 20 of the LT1 161 must be treated not 
only as supply pins, but as the reference inputs for the 
current-sense comparators. 

Figure 4 shows the proper drain sense configuration for 
the LT1 161 . Note that the sense pin goes to the drain end 
of the sense resistor, while the two V + pins are tied to each 
other and connected to supply at the same point as the 
positive ends of the sense resistors. Local supply 
decoupling at the LT1161 is important at high input 
voltages (see Protecting Against Supply Transients). 

The drain sense threshold voltage has a positive tempera- 
ture coefficient, allowing PTC sense resistors to be used 
(see Printed Circuit Board Shunts). The selection of Rs 
should be based on the minimum threshold voltage: 


Thus the 0.02Q drain sense resistor in Figure 4 would yield 
a minimum trip current of 2.5A. This simple configuration 
is appropriate for resistive or inductive loads which do not 
generate large current transients at turn-on. 



Figure 4. Drain Sense Configuration 


Automatic Restart Period 

The timing capacitor Cj shown in Figure 4 determines the 
length of time the power MOSFET is held off following a 
current limit trip. Curves are given in the Typical Perfor- 
mance Characteristics to show the restart period for 
various values of C-|-. For example, C T = 0.33pF yields a 
50ms restart period. 

Defeating Automatic Restart 

Some applications are required to remain off after a fault 
occurs. When the LT1161 is being driven from CMOS 
logic, this can be easily implemented by connecting 
resistor R1 between the input and timer pins as shown in 
Figure 5. R1 supplies the sustaining current for an SCR 
which latches the timer pin low. This prevents the MOSFET 
gate from turning ON until the input has been recycled. 



Figure 5. Latch-Off input Network (Auto-Restart Defeated) 


Inductive vs Capacitive Loads 

Turning on an inductive load produces a relatively benign 
ramp in MOSFET current. However, when an inductive 
load is turned off, the current stored in the inductor needs 
somewhere to decay. A clamp diode connected directly 
across each inductive load normally serves this purpose. 
If a diode is not employed the LT1 1 61 clamps the MOSFET 
gate 0.7V below ground. This causes the MOSFET to 
resume conduction during the current decay with (V + + 
Vqs + 0.7 V) across it, resulting in high dissipation peaks. 

Capacitive loads exhibit the opposite behavior. Any load 
that includes a decoupling capacitor will generate a cur- 
rent equal to Cload x (dV/dt) during capacitor in-rush. 
With large electrolytic capacitors, the resulting current 
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spike can play havoc with the power supply and false trip 
the current-sense comparator. 

Turn-on 9V/3 1 is controlled by the addition of the simple 
network shown in Figure 6. This network takes advantage 
of the fact that the MOSFET acts as a source follower 
during turn-on. Thus the 3V/3t on the source can be 
controlled by controlling the 3V/3 1 on the gate: 

8V _ V + - V TH 
3t 10 5 xC1 

where Vjh is the MOSFET gate threshold voltage. Multiply- 
ing Cload times this 9V/9 1 yields the value of the current 
spike. For example, if V + = 24V, Vth = 2V, and Cl = 0.1 juF, 
3V/3 1 = 2.2V/ms, resulting in a 2.2A turn-on spike into 
lOOOpF. The diode and second resistor in the network 
ensure fast current limit turn-off. 

When turning off a capacitive load, the source of the 
MOSFET can “hang up” if the load resistance does not 
discharge Cload as fast as the gate is being pulled down. 
If this is the case, a diode may have to be added from 
source to gate to prevent Vgs(max) from being exceeded. 



Figure 6. dV/dt Control and Current Limit Delay 


Adding Current Limit Delay 

When capacitive loads are being switched or in very noisy 
environments, it is desirable to add delay in the drain 
current-sense path to prevent false tripping (inductive 
loads normally do not need delay). This is accomplished 
by the current limit delay network shown in Figure 6. Rq 


and Cq delay the overcurrent trip for drain currents up to 
approximately 1 0 x Iset, above which the diode conducts 
and provides immediate turn-off (see Figure 7). To ensure 
proper operation of the timer, Co must be < Cj. 



1 10 100 
MOSFET DRAIN CURRENT (1 = SET CURRENT) 


Figure 7. Current Limit Delay Time 

Printed Circuit Board Shunts 

The sheet resistance of 1 oz. copper clad is approximately 
5 x lO^Q/square with a temperature coefficient of 
+0.39%/°C. Since the LT1 161 drain sense threshold has a 
similar temperature coefficient (+0.33%/°C), this offers 
the possibility of nearly zero TC current sensing using 
“free” drain sense resistors made out of PC trace material. 

A conservative approach is to use 0.02" of width for each 
1 A of currentfor 1 oz. copper. Combining the LT1 1 61 drain 
sense threshold with the loz. copper sheet resistance 
results in a simple expression for width and length: 

Width (loz. Cu) = 0.02"xl SET 

Length (loz. Cu) = 2" 

The width for 2oz. copper would be halved while the length 
would remain the same. 

Bends may be incorporated into the resistor to reduce 
space; each bend is equivalent to approximately 0.6 x 
width of straight length. Kelvin connections should be 
employed by running separate traces from the ends of the 
resistors back to the LT1161 V + and sense pins. See 
Application Note 53 for further information on printed 
circuit board shunts. 
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Low Voltage/Wide Supply Range Operation 

When the supply is <12V, the LT1161 charge pumps do 
not produce sufficient gate voltage to fully enhance stan- 
dard N-channel MOSFETs. For these applications, logic- 
level MOSFETs can be used to extend operation down to 
8 V. If the MOSFET has a maximum Vqs rating of 15V or 
greater, then it can also be used up to the 60V (absolute 
maximum) rating of the LT1161. MOSFETs are available 
from both Motorola and Siliconix which meet these 
criteria. 

Protecting Against Supply Transients 

The LT1161 is 100% tested and guaranteed to be safe 
from damage with 60V applied between the V + and ground 
pins. However, when this voltage is exceeded, even for a 
few microseconds, the result can be a catastrophic failure. 
For this reason it is imperative that the LT1161 not be 
exposed to supply transients above 60V. 

For proper current-sense operation, the V + pins are re- 
quired to be connected to the positive side of the drain 
sense resistors (see Drain Sense Configuration). There- 
fore, the best way to prevent supply transients is to ensure 
that the supply is adequately decoupled at the point where 
the V + pins and drain sense resistors meet. Several 
hundred microfarads may be required with high current 
switches. 

When operating voltages approach the 60V absolute maxi- 
mum rating of the LT1161, local supply decoupling be- 
tween the V + pins (1 1 , 20) and ground pins (1,10) is highly 
recommended. A small ferrite bead between the supply 
connection and local capacitor can also be effective in 
suppressing transients. Note however, that resistance 
should not be added in series with the V + pins because it 
will cause an error in the current sense threshold. 

Fault Feedback 

Two methods can be used to derive switch status. First, 
the timer pin voltage can be monitored to indicate when 
the switch is turned off due to current limit. During normal 
operation (ON or OFF), the timer voltage is 3.5 V and only 
during current limit does the voltage drop below 3V. 


The second method shown in Figure 8 uses a quad 
exclusive-NOR gate to indicate when the output of the 
switch has not obeyed the input command (i.e., output low 
when it should be high or vice versa). In addition to current 
limit, this gives a fault indication if the switch is shorted or 
if the load is open. 

24V 



Figure 8. Fault Feedback Using Exclusive-NOR Gate 
Low-Side Driving 

Although the LT1161 is primarily targeted at high-side 
(grounded load) switch applications, it can also be used 
for low-side (supply-connected load), or mixed high- and 
low-side switch applications. Figures 9a and 9b illustrate 
LT1 1 61 switch channels driving low-side power MOSFETs. 
Because the LT1161 charge pump tries to pump the gate 
of the N-channel MOSFET above supply, a clamp zener is 
required to prevent the Vq s (absolute maximum) of the 
MOSFET from being exceeded. The LT1161 gate drive is 
current limited for this purpose so that no resistance is 
needed between the gate pin and zener. 


12V TO 48V 



1161 F09a 


Figure 9a. Low-Side Driver with Load Current Sensing 
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Figure 9b. Low-Side Drivers with Two Approaches 
for Source Current Sensing 

Current sensing for protecting low-side drivers can be 
done in several different ways. In the Figure 9a circuit, the 
supply voltage for the load is assumed to be within the 


supply operating range of the LT1 1 61 . This allows the load 
to be returned to supply through current-sense resistor 
Rs, providing normal operation of the LT1161 protection 
circuitry. 

If the load cannot be returned to supply through Rs, or the 
load supply voltage is higher than the LT1 1 61 supply, the 
current sense must be moved to the source of the low-side 
MOSFET. Figure 9b shows two approaches to source 
sensing. On channel 1, current limit occurs when the 
voltage across sense resistor Rsi thresholds the Vbe of the 
NPN transistor, causing the LT1161 drain sense pin to be 
pulled down. 

The channel 2 circuit of Figure 9b uses an operational 
amplifier (must common mode to ground) to level shiftthe 
voltage across R $2 up to the drain sense pin. This ap- 
proach allows the use of a much smaller sense resistor 
which could be made from PC trace material. In both 
cases, the LT1 1 61 restart timers function the same as in 
high-side switch applications. 



TVPicm nppucnnons 


Using an Extra Channel to Do Common Current Limit for Multiple/Paralleled Switches 


INPUTS 

(MAY BE PARALLELED) 
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Protected Quad 1A Automotive Solenoid Driver with Overvoltage Shutdown 

8V TO 28V OPERATING 



Protected Quad Switch with Mixed Low- and High-Side Driving 


HIGH-SIDE DRIVER 
INPUTS 
(SEE NOTE 1) 



NOTE 1: THE HIGH-SIDE DRIVER CHANNELS ARE CONFIGURED 
TO AUTOMATICALLY RESTART FOLLOWING A FAULT. 

NOTE 2: THE LOW-SIDE DRIVER CHANNELS ARE CONFIGURED 
TO LATCH OFF FOLLOWING A FAULT. 5V CMOS LOGIC INPUTS 
ARE REQUIRED. 
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FCRTUR6S 

■ Operates from 1.8V to 6V 

■ 0.01 pA Standby Current 

■ 95pA Operating Current per Channel at 3.3V 

■ Fully Enhances N-Channel Switches 

■ No External Charge Pump Components 

■ Built-In Gate Voltage Clamps 

■ Easily Protected Against Supply Transients 

■ Controlled Switching ON and OFF Times 

■ Compatible with 5 V, 3 V and Sub-3V Logic Families 

■ Available in 8-Pin SOIC 

appucatiors 

■ PCMCIA Card 3.3V/5V Switch 

■ 2-Cell High-Side Load Switching 

■ Boost Regulator Shutdown to Zero Standby Current 

■ Replacing P-Channel Switches 

■ Notebook Computer Power Management 

■ Palmtop Computer Power Management 

■ Portable Medical Equipment 

■ Mixed 3.3V and 5V Supply Switching 


Triple 1 .8V to 6V High-Side 
MOSFET Drivers 


DCSCRIPTIOn 

The LTC1 1 63/LTC1 1 65 triple low voltage MOSFET drivers 
make it possible to switch supply or ground referenced 
loads through inexpensive, IowR D s(on) N-channel switches 
from as little as a 1 .8 V supply. The LTC1 1 65 has inverting 
inputs and makes it possible to directly replace P-channel 
MOSFET switches while maintaining system drive polar- 
ity. The LTC1163 has noninverting inputs. 

Micropower operation, with 0.01 pA standby current and 
95pA operating current, coupled with a power supply 
range of 1 ,8V to 6V, make the LTC1163/LTC1165 ideally 
suited for 2- to 4-cell battery-powered applications. The 
LTC1 1 63/LTC1 1 65 are also well suited for sub-3V, 3.3V 
and 5 V nominal supply applications. 

The LTC1 1 63/LTC1 1 65 internal charge pumps boost the 
gate voltage 8 V above a 3.3V rail, fully enhancing inexpen- 
sive N-channels for high- or low-side switch applications. 

The LTC1 163/LTC1 165 are available in both an 8-pin DIP 
and an 8-pin SOIC. 


TVPICAl APPUCATIOn 


2-Cell Triple High-Side Switch 


(1.8V TO 3V) 


1+ 2-CELL 

_=. BATTERY 
X PACK 


T 


IOjxF 


CONTROL 

LOGIC 


T 


— 

INI 

V S OUT1 j 

- 

IN2 

88 

II 

— 

IN3 

GND 0UT3 | 


LTC1163 HAS NONINVERTING INPUTS 
LTC1165 HAS INVERTING INPUTS 


RFD14N05LSM 

—It 


X 


RFD14N05LSM 

— |S 

I l-H 


X 


2-CELL 


2-CELL 


2-CELL 

LOAD 


LOAD 


LOAD 


X 


“ LTC11 63/65 -TA01 “ 



SUPPLY VOLTAGE (V) 


LTC1 163/65 *TA02 
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absolute mnximum rrtiags 

Supply Voltage 7 V 

Any Input Voltage 7 V to (GND - 0.3V) 

Any Output Voltage 20V to (GND - 0.3V) 

Current (Any Pin) 50mA 


Operating Temperature Range 

LTC1 1 63C/LTC1 1 65C 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R lAFORmATlOA 


TOP VIEW 

INI 
IN2 
IN3 
GND 

N8 PACKAGE 
8-LEAD PLASTIC DIP 



Tjmax = 100°C, 0 JA = 130°C/W 


ORDER PART 
NUMBER 


LTC1163CN8 

LTC1165CN8 


TOP VIEW 
INI 
IN2 
IN3 
GND 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 


E 

[I 

[I 

[I 


3 Vs 
7]outi 

TjOUT2 
J} 0UT3 


Tjmax = 100°C, 0 ja = 150°C/W 


ORDER PART 
NUMBER 


LTC1163CS8 

LTC1165CS8 


S8 PART MARKING 


1163 

1165 


Consult factory for Industrial and Military grade parts. 



ELECTRICAL CHARACTERISTICS Vs = 1 .8V to 6V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 1 63C/LTC1 1 65C 

MIN TYP MAX 

UNITS 

Iq 

Quiescent Current OFF 

V s = 1 .8V, Vjm -1 = V|N 2 = V lN3 = V 0 ff (Note 1 ,2) 



0.01 

1 

pA 



Vs = 3.3V, V||\ii = V||\| 2 = V|N 3 = Voff (Note 1,2) 



0.01 

1 

pA 



V S = 5V, V, N1 = V, N2 = V IN3 = Voff (Note 1 ,2) 



0.01 

1 

|iA 


Quiescent Current ON 

V s = 1.8V, V, N = V 0 N (Note 2,3) 



60 

120 

MA 



V s = 3.3V, V m = V 0N (Note 2,3) 



95 

200 

mA 



V s = 5V, V| N = Vqn (Note 2,3) 



180 

400 

HA 

V|NH 

Input High Voltage 

1.8V <V S < 2.7V 

• 

80% x V s 



V 



2.7V < V s < 6V 

• 

70% x V s 



V 

V|NL 

Input Low Voltage 

1 .8V < V s < 6V 

• 

1 5% x V s 

V 

l|N 

Input Current 

0V<V,n<V s 

• 

±1 

pA 

C|N 

Input Capacitance 



5 

PF 

Vgate - Vs 

Gate Voltage Above Supply 

V s = 1.8V, V,n = V 0 n (Note 2) 

• 

3.5 

4.1 

6.0 

V 



V s = 2V,V|n = V 0 n (Note 2) 

• 

4.0 

4.6 

7.0 

V 



V s = 2.2V, V|n = V 0 n (Note 2) 

• 

4.5 

5.2 

8.0 

V 



V s = 3.3V, V|n = V 0 n (Note 2) 

• 

6.0 

8.0 

9.5 

V 



V s = 5V, V,n = V 0 n (Note 2) 

• 

5.0 

9.0 

13.0 

V 

tON 

Turn-ON Time 

V s = 3.3V, Cqate = 1 0OOpF 








Time for Vqate > Vs + 1 V 


40 

120 

400 

MS 



Time for Vqate > Vs + 2V 


60 

180 

600 

MS 



V s = 5V, Cqate = 1000pF 








Time for Vqate > Vs + IV 


30 

95 

300 

MS 



Time for Vqate > Vs + 2V 


40 

130 

400 

MS 
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€L€CTRICRL CHARACTERISTICS V s = 1 .8V to 6V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 1 63C/LTC1 1 65C 

MIN TYP MAX 

UNITS 

tOFF 

Turn-OFF Time 

V s = 3.3V, Cqate = 1 0OOpF 

Time for Vqate < 0-5V 


20 65 200 

MS 

V s = 5V, C GA te = lOOOpF 

Time for Vqate < 0-5V 


15 45 150 

MS 


The • denotes specifications which apply over the full operating Note 2: LTC1 1 63: V 0 ff = OV, V 0 n = V$. LTC1 1 65: V 0 ff = Vs, V 0 n = OV 

temperature range. Note 3: Quiescent current ON is per driver and is measured independently. 

Note 1: Quiescent current OFF is for all channels in OFF condition. 


TYPICAL P€RFORmnnC€ CHflRRCTCRISTICS 


Standby Supply Current 
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SUPPLY VOLTAGE (V) 

LTC11 63/65 .TPCOI 

Input Threshold Voltage 



SUPPLY VOLTAGE (V) 

LTC1 163/65* TPC04 


Supply Current per Driver ON 



Turn-ON Time 



Gate Voltage Above Supply 



SUPPLY VOLTAGE (V) 

LTC1 1 63/65 - TPC03 


Turn-OFF Time 



SUPPLY VOLTAGE (V) 

LTC1 163/65 • TA06 
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Standby Supply Current 


0 10 20 30 40 50 

TEMPERATURE (°C) 



TEMPERATURE (°C) 

LTC1 1 63/65 • TPC08 


MOSFET Gate Drive Current 



0 2 4 6 8 10 

GATE VOLTAGE ABOVE SUPPLY (V) 


LTC11 63/65 •TPC09 


pm Functions 

Input Pins 

The LTC1163 is noninverting; i.e., the MOSFET gate is 
driven above the supply when the input pin is held high. 
The LTC1 1 65 is inverting and drives the MOSFET gate high 
when the input pin is held low. The inverting inputs of the 
LTC1165 allow P-channel switches to be replaced by 
lower resistance/cost N-channel switches while maintain- 
ing system drive polarity. 

The LTC1 1 63/LTC1 1 65 logic inputs are high impedance 
CMOS gates with ESD protection diodes to ground and 
therefore should not be forced below ground. The inputs 
can however, be driven above the power supply rail as 
there are no clamping diodes connected between the input 
pins and supply pin. This facilitates operation in mixed 
5V/3V systems. 


Output Pins 

The output pin is either driven to ground when the switch 
is turned OFF or driven above the supply rail when the 
switch is turned ON. The output is clamped to about 14V 
above ground by a built-in Zener clamp. This pin has a 
relatively high impedance when driven above the rail (the 
equivalent of a few hundred kQ). Care should be taken to 
minimize any loading of this pin by parasitic resistance to 
ground or supply. 

Supply Pin 

A 1500 resistor should be inserted in series with the 
ground pin or supply pin if negative supply voltage tran- 
sients are anticipated. This will limit the current flowing 
from the power source into the LTC1 1 63/LTC1 1 65 to tens 
of milliamps during reverse battery conditions. 



OPCRRTIOR 

The LTC1 1 63/LTC1 1 65 are triple micropower MOSFET 
drivers designed for operation over the 1 .8 V to 6V supply 
range and include the following functional blocks: 

3V Logic Compatible Inputs 

The LTC1 1 63/LTC1 1 65 inputs have been designed to 
accommodate a wide range of 3 V and 5 V logic families. 


The input threshold voltage is set at roughly 50% of the 
supply voltage and approximately 200mV of input hyster- 
esis is provided to ensure clean switching. 

The input enables all of the following circuit blocks: the 
bias generator, the high frequency oscillator and gate 
charge pump. Therefore, when the input is turned off, the 
entire circuit powers down and the supply current drops 
below IpA. 
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Gate Charge Pump 

Gate drive for the power MOSFET is produced by an 
internal charge pump circuit which generates a gate volt- 
age substantially higher than the power supply voltage. 
The charge pump capacitors are included on chip and 
therefore no external components are required to generate 
gate drive. 


Controlled Gate Rise and Fall Times 

When the input is switched ON and OFF, the gate is 
charged by the internal charge pump and discharged in a 
controlled manner. The charge and discharge rates have 
been set to minimize RFI and EMI emissions. 


BLOCK DlflGftflfll (One Channel) 



nppucnnons inFonmnnon 

Logic-Level MOSFET Switches 

The LTC1 1 63/LTC1 1 65 are designed to operate with 
logic-level N-channel MOSFET switches. Although there 
is some variation among manufacturers, logic-level 
MOSFET switches are typically rated with Vqs = 4V with 
a maximum continuous Vqs rating of ±1 OV. Rds(ON) and 
maximum Vqs ratings are similar to standard MOSFETs 
and there is generally little price differential. Logic-level 
MOSFETs are frequently designated by an “L” and are 
usually available in surface mount packaging. Some 
logic-level MOSFETs are rated with Vq S up to ±15V and 
can be used in applications which require operation over 
the entire 1.8V to 6V range. 

Powering Large Capacitive Loads 

Electrical subsystems in portable battery-powered equip- 
ment are typically bypassed with large filter capacitors to 
reduce supply transients and supply induced glitching. If 
not properly powered however, these capacitors may 
themselves become the source of supply glitching. 


For example, if a lOOpF capacitor is powered through a 
switch with a slew rate of 0.1 V/ps, the current during start- 
up is: 

ISTART = C(AV/At) 

= (100 x 10 _6 )(1 x 10 5 ) 

= 10A 

Obviously, this is too much current for the regulator (or 
output capacitor) to supply and the output will glitch by as 
much as a few volts. 

The startup current can be substantially reduced by limit- 
ing the slew rate at the gate of an N-channel as shown in 
Figure 1 . The gate drive output of the LTC1 1 63/LTC1 1 65 
is passed through a simple RC network, R1 and Cl , which 
substantially slows the slew rate of the MOSFET gate to 
approximately 1.5 x 10 _4 V/ps. Since the MOSFET is 
operating as a source follower, the slew rate at the source 
is essentially the same as that at the gate, reducing the 
startup current to approximately 15mA which is easily 
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Figure 1. Powering a Large Capacitive Load 

managed by the system regulator. R2 is required to 
eliminate the possibility of parasitic MOSFET oscillations 
during switch transitions. It is a good practice to isolate the 
gates of paralleled MOSFETs with 1 k resistors to decrease 
the possibility of interaction between switches. 

Mixed 5V/3V Systems 

Because the input ESD protection diodes are referenced to 
ground instead of the supply pin, it is possible to drive the 
LTC1 1 63/LTC1 1 65 inputs from 5 V CMOS or TTL logic 
even though the LTC1 1 63/LTC1 1 65 are powered from a 
3.3V supply as shown in Figure 2. The input threshold 
voltage is approximately 50% of the supply voltage or 1 .6 V 


on a 3.3 V supply which is compatible with 5 V TTL and 
CMOS logic. (The LTC1 1 63/LTC1 165 cannot however, be 
driven by 3 V logic when powered from a 5 V supply 
because the threshold is approximately 2.5V.) 


3.3V 



Figure 2. Direct Interface to 5V Logic 


Reverse Battery Protection 

The LTC1 1 63/LTC1 1 65 can be protected against reverse 
battery conditions by connecting a 1 50Q resistor in series 
with the ground pin or supply pin. The resistor limits the 
supply current to less than 24mA with -3.6V applied. 
Because the LTC1 1 63/LTC1 1 65 draw very little current 
while in normal operation, the drop across the resistor is 
minimal. The 3.3 V |iP (or control logic) can be protected by 
adding 10k resistors in series with the input pins. 
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PCMCIA Card 3.3V/5V V cc Switch 
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Mixed Voltage High- and Low-Side Switches 

3.3V 12V 



LTC1 163/65 - TA07 


3-Cell to 3.3V Ultra-Low Drop Regulator with 2 Ramped Switches 
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F6OTUIKS 

■ High Power Factor Over Wide Load Range 
with Line Current Averaging 

■ International Operation Without Switches 

■ Instantaneous Overvoltage Protection 

■ Minimal Line Current Dead Zone 

■ Typical 250gA Startup Supply Current 

■ Rejects Line Switching Noise 

■ Synchronization Capability 

■ Low Quiescent Current: 9mA 

■ Fast 1 .5A Peak Current Gate Driver 

nppucnnons 

■ Universal Power Factor Corrected Power Supplies 

■ Preregulators Up To 1500W 


DCSCRIPTIOH 

The LT1248 provides active power factor correction for 
universal off-line power systems. By using fixed high 
frequency PWM current averaging, without the need for 
slope compensation, the LT1248 achieves far lower line 
current distortion with a smaller magnetic element than 
systems that use either peak-current detection or zero 
current switching approaches in both continuous and 
discontinuous modes of operation. 

The LT1248 uses a multiplier that has a square gain 
function from the voltage amplifier to reduce the AC gain 
at light output load and thus maintains low line current 
distortion and high system stability. The LT1248 also 
provides filtering capability to reject line switching noise 
which can cause instability when fed into the multiplier. 
Line current dead zone is minimized with low bias voltage 
at the current input to the multiplier. 

The LT1248 provides many protection features including 
peak current limiting and overvoltage protection, and can 
be operated at frequencies as high as 300kHz. 


SLOCK DISGRSm 
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LT 1248 


m*soiut€ mnximum rrtiiigs 


Supply Voltage 27V 

GTDR Current Continuous 0.5A 

GTDR Output Energy(Per Cycle) 5pJ 

Iac> Rset» PKlim Input Current 20mA 

Vsensei EN/SYNC, OVP Input Voltage V^x 

Isense- m out Input Current ±5mA 

Operating Junction Temperature Range 

LT1248C 0°C to 1 00°C 

LT1248I -40°C to 125°C 

Thermal Resistance (Junction-to-Ambient) 

N Package 1 00°C/W 

S Package 120°C/W 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R MFORfRRTion 


GND [T 

TOP VIEW 



16] GTDR 

ORDER PART 
NUMBER 

PKlim [I 


iD v cc 


CAout [l 


H] C S et 

LT1248CN 

•sense GE 


?3] ss 

LT1248IN 

Mout GE 


H] Rset 

LT1248CS 

•ac GE 


HI V SENSE 

LT1248IS 

VAout (Z 


io] EN/SYNC 


OVP GE 


I] Vref 


N PACKAGE 

16-LEAD PLASTIC DIP 


S PACKAGE 

16-LEAD NARROW PLASTIC SOIC 


Tjmax 

125°C,e JA = 100 o C/W(N) 


Tjmax 

= 125°C,e JA = 120 o C/W (S) 



Consult factory for Military grade parts. 


€l€CTRICRl CHARACTERISTICS 


Maximum operating voltage (Vmax) = 25V, V C c = 18V, Rset = 15k to GND, Cset = InF to GND, l A c = 100juA, Isense = 0V, CAout = 3.5V, 
VAqut = 5V, OVP = 7.5V, no load on any outputs, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Overall 

Supply Current (Vcc in Undervoltage Lockout) 

V C c = Lockout Voltage - 0.2V 

• 


0.25 

0.45 

mA 

Supply Current (Inactive) 

EN/SYNC = 0V, V cc < V MA x 

• 


0.5 

1.5 

mA 

Supply Current, On 

11.5V < V cc < Vmax 

• 


8.5 

12.0 

mA 

Vcc Turn-On Threshold (Undervoltage Lockout) 


• 

15.5 

16.5 

17.5 

V 

Vcc Turn-Off Threshold 


• 

9.5 

10.5 

11.5 

V 

EI\I/SYI\IC Threshold, Rising 


• 

2.2 

2.6 

2.85 

V 

EN/SYNC Threshold Hysteresis 



0.40 

V 

EN/SYNC Input Current 

EN/SYNC = 0V 

• 

-5 

-1 

5 

pA 


3V< EN/SYNC <7V 


-50 

-25 

50 

pA 

Voltage Amplifier 

Voltage Amp Offset Voltage 

VA out = 3.5V 


-8 


8 

mV 

Input Bias Current 

VsENSE = 0V to 7 V 

• 


-25 

-250 

nA 

Voltage Gain 



70 

100 


dB 

Voltage Amp Unity-Gain Bandwidth 



3 1 

MHz 

Voltage Amp Output High (Internally Clamped) 


• 

11.3 

13.3 


V 

Voltage Amp Output Low 


• 


1.1 

2 

V 

Voltage Amp Short-Circuit Current 

VAqut = 0V 

• 

5 

14 

30 

mA 

SS Current 

SS = 2.5V 

• 

5 

12 

30 

mA 

Current Amplifier 

Current Amp Offset Voltage 


• 


±1 

±4 

mV 

•sense Bias Current 


• 


-25 

-250 

nA 

Current Amp Voltage Gain 



80 

110 


dB 

Current Amp Unity-Gain Bandwidth 



3 

MHz 

Current Amp Output High 


• 

7.2 

8.5 


V 

Current Amp Output Low 


• 


1.1 

2 

V 
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Maximum operating voltage (V M ax) = 25V, Vcc = 18V, Rset = 15k to GND, Cset = InF to GND, Iac = IOOjoA, Isense = 0V, CA 0 ut = 3.5V, 
VAqut = 5V, OVP = 7.5V. No load on any outputs, unless otherwise noted. 


PARAMETER | 

CONDITIONS 

MIN 

TYP 

MAX | 

UNITS 

Current Amplifier 

Current Amp Short-Circuit Current 

CAqut = ov 

• 

5 

14 

30 | 

mA 

Input Range, Isense. Mqut (Linear Operation) 


• 

[ -0.3 1 | 

V 

Reference 

Reference Output Voltage 

Iref = OmA, Ta = 25°C 


| 7.39 

7.50 

7.60 | 

V 

Vref Load Regulation 

-5mA < Iref < 0mA 


L 5 __ I 

mV 

Vref Line Regulation 

11.5V <V cc <Vmax 

• 

-20 

5 

20 

mV 

Vr E f Short-Circuit Current 

< 

m 

II 

5 

• 

12 

28 

50 

mA 

Vref Worst Case 

Load, Line, Temperature 

• 

7.32 

7.5 

7.68 

V 

Current Limit 


PKlim Offset Voltage 


• 

-15 


15 

mV 

PKlim Input Current 

PKlim = -0.1V 

• 


-50 

-100 

MA 

PKlim to GTDR Propagation Delay 

PKum Falling from 50mV to -50mV 


400 

ns 

Multiplier 

Multiplier Output Current 

Iac = lOOpA, Rset = 15k 


L 35 I 

pA 

Multiplier Output Current Offset 

RAc = 1Mfrom Iac to GND 

• 


-0.05 

-0.5 

pA 

Multiplier Maximum Output Current 

l AC = 450pA, Rset = 15k, VA 0UT = 7V, M 0U t = 0V 

• 

-286 

-260 

-235 

pA 

Multiplier Gain Constant (Note 1) 



| 0.035 | 

v - 2 

Iac Input Resistance 

Iac from 50pA to 1mA 

J 

115 

25 

35 | 

k& 

Oscillator 

Oscillator Frequency 

Rset = 1 5k, Cset = 1 0OOpF 

• 

85 

100 

115 

kHz 


Rset = 1 5k, Cset = 1 500pF 

• 

58 

68 

78 

kHz 

Cset Ramp Peak-to-Peak Amplitude 



4.35 

4.7 

5.0 

V 

Cset Ramp Valley Voltage 



1.25 

1.4 

1.55 

V 

Synchronization Pulse Threshold on EN/SYNC Pin 

Pulse Low = 3.5V, High = 7V, Width > 200ns 


4.5 

5.6 

6.5 

V 

Synchronization Frequency Range 

R set = 15k, Cg E y = lOOOpF 

• 

1.2 


1.6 

f|\IOM 

Overvoltage Comparator 

Comparator Trip Voltage Ratio (V T rip/V R ef) 


• 

| 1.04 

1.05 

1.06 


Hysteresis 

i 


| 0.35 

V 

OVP Bias Current 

OVP = 7.5V 

• 


-50 

-250 

nA 

OVP Propagation Delay 



| 100 

ns 

Gate Driver 

Max GTDR Output Voltage 

OmA Load, 18V<Vcc 

• 

L 12. _ 

15 

17.5 

V 

GTDR Output High 

-200mA Load, 11.5V <V CC < 15V 

• 

| Vcc-3.0 

V 

GTDR Output Low (Device Unpowered) 

V C c = 0 V, 50mA Load (Sinking) 

• 


0.9 

1.5 

V 

GTDR Output Low (Device Active) 

200mA Load (Sinking) 

• 


0.5 

1 

V 


10mA Load 

• 


0.2 

0.4 

V 

Peak GTDR Current 

10nF from GTDR to GND 


2 

A 

GTDR Rise and Fall Time 

InF from GTDR to GND 


25 

ns 

GTDR Max Duty Cycle 



| 90 

96 


% 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Multiplier Gain Constant: K = - — ^ 

Iac (VAqut - 2) 2 
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TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Voltage Amplifier Open-Loop 
Gain and Phase 



-20 1 1 1 1 1 1 1 -1 20 

10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Current Amplifier Open-Loop 
Gain and Phase 



-20 1 1 1 1 1 1 1 -1 20 

10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Reference Voltage vs 
Temperature 



Multiplier Current 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


VAout = 5.5V 
VA 0U T = 5V 
VAout = 4.5V 

VAout = 4V 

VAout = 3.5V 
VAout = 3V 
VAout = 2.5V 
500 


Supply Current vs Supply Voltage 


p 




i 0( p 


1 — 



" 

T 


°c- 

"Tj 

= 25°C — 

[ L 






























GTDR Source Current 

185 — i — i — — — — r 

18 . 0 -Vcc = i8V 


"Tj = 125°C _ 

=4 — ( — 
Tj = 25°C 
1 1 

Tj = -55°C 


GTDR Sink Current 


SUPPLY VOLTAGE (V) 


50 -120 -180 -2 

SOURCE CURRENT (mA) 




0.2 

0.1 ^T a = 125°C 


120 180 
SINK CURRENT (mA) 
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Rset CURRENT (mA) 

1248 G16 


PKum Pin Characteristics 
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pm Funcnons 

Pin 1 (GND). 

Pin 2 (PK l ,m): The threshold of the peak current limit 
comparator is GND. To set current limit, a resistor divider 
can be connected from Vref to current sense resistor. 

Pin 3 (CAout): This is the output of the current amplifier 
that senses and forces the line current to follow the 
reference signal that comes from the multiplier by com- 
manding the pulse width modulator. When CAout is low, 
the modulator has zero duty cycle. 

Pin 4 (Isense): This is the inverting input of the current 
amplifier. This pin is clamped at-0.6V by an ESD protec- 
tion diode. 

Pin 5 (Mout): This is the multiplier high impedance 
current output and the noninverting input of the current 
amplifier. This pin is clamped at -0.6V and 2 V. 

Pin 6 (Iac): This is the AC line voltage sensing input to the 
multiplier. It is a current input that is biased at 2 V to 
minimize the crossover dead zone caused by low line 
voltage. At the pin, a 25k resistor is in series with the 
current input, so that a lowpass RC can be used to filter out 
the switching noise from the high impedance lines. 


Pin 7 (VAout): This is the output of the voltage error 
amplifier. The output is clamped at 13.5V. When the 
output goes below 2.5 V, the multiplier output current is 
zero. 

Pin 8 (OVP): This is the input to the overvoltage compara- 
tor. The threshold is 1.05 times the reference voltage. 
When the comparator trips, the multiplier is quickly inhib- 
ited and outputs no current. Figure 4 in the Applications 
Information section shows howto set overvoltage thresh- 
old with only one additional resistor. 

Pin 9 (Vref): This is the 7.5V reference. When either Vqc 
or EN/SYNC goes low, Vref will stay at OV. Vref biases 
most of the internal circuity and can source up to 5mA 
externally. 

Pin 10 (EN/SYNC): This pin has two functions. When it 
goes below 2.6 V, the chip goes into shutdown mode and 
draws little current. Pulses at this pin that go below the 5 V 
threshold will synchronize the chip. The synchronizing 
pulses should have an on-time of at least 200ns for the 
LT1248 resetting circuit to work. 

Pin 11 (Vsense): This is the inverting input to the voltage 
amplifier. 
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Pin 12 (Rset): A resistor from Rset to GND sets the 
oscillator charging current and the maximum multiplier 
output current which is used to limit the maximum line 
current. 

Im(max) = 3.75V/Rset 

Pin 13 (SS): Soft start. When either Vcc or EN/SYNC goes 
low, the SS pin will stay at OV. With a capacitor from the 
pin to GND, the 1 2pA charging current slowly brings up the 
SS to 8 V; below 7.5 V SS is the reference input to the 
voltage amplifier. At supply dropout or EN/SYNC low, the 
soft start capacitor will be quickly discharged. 

Pin 14 (C$et): The capacitor from this pin to GND, and 
Rset, determine oscillator frequency. The oscillator ramp 
is 5 V, and the frequency = 1 .5/(Rset x Cset). 


Pin 1 5 (Vcc): This is the supply for the chip. The LT1 248 
has a very fast gate driver required to fast charge high 
power MOSFET gate capacitance. High current spikes 
occur during charging. For good supply bypass, a O.lpF 
ceramic capacitor in parallel with a low ESR electrolytic 
capacitor, 56pF or higher is required in close proximity to 
1C GND. 

Pin 16 (GTDR): The MOSFET gate driver is a 1.5A fast 
totem pole output. It is clamped at 15V, but capacitive 
loads like MOSFET gates may cause overshoot. A gate 
series resistor of at least 50 will prevent the overshoot. 


Appucmions mFonmnnon 


Error Amplifier 


Multiplier 


The error amplifier has a lOOdB DC gain and 3MHz unity- 
gain frequency. The output is internally clamped at 1 3.5V. 
The noninverting input is tied to the 7.5V Vref through a 
diode and can be pulled down from the SS (soft start) pin. 

Current Amplifier 

The current amplifier has all OdB DC gain, 3MHz unity- 
gain frequency, and a 2V/ps slew rate. It is internally 
clamped at 8.5V. Note that in the current averaging opera- 
tion, high gain at twice the line frequency is necessary to 
minimize line current distortion. Because CAout may need 
to swing 5V over one line cycle at high line condition, 
14mV AC will be needed at the inputs of the current 
amplifier for a gain of 350 at 1 20Hz. Especially at light load 
when the current loop reference signal is small, lower gain 
will distort the reference signal and line current. If signal 
gain at switching frequency is too high, the system be- 
haves more like a current mode system and can cause 
subharmonic oscillation. Therefore, the current amplifier 
should be compensated to have a gain of less than 15 at 
the switching frequency, but more than 250 at twice the 
line frequency. 


The multiplier is a current multiplierwith high noise immu- 
nity in a high power switching environment. The current 
gain is: l M = (l AC xl EA 2 )/(200pA) 2 ,with Iea=(VA 0 ut-2V)/ 
25k. With a square function, because of the lower gain at 
light power load, system stability is maintained and line 
current distortion caused by the line frequency AC ripple 



Iac(mA) 


1248 G04 


Figure 1. Multiplier Current Im vs Iac and VAq UT 
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fed back to the error amplifier is minimized. Note that 
switching ripple on the high impedance lines could get into 
the multiplier from the Iac pin and cause instability. The 
LT 1 248 provides an internal 25k resistor in series with the 
low impedance multiplier current input so that only a 
capacitor from the Iac pin to GND is needed to filter out the 
noise. The maximum multiplier output current, which 
limits the system line current, is set by the Rset according 
to the formula: Im(max) = 3.75V/Rsej. 

Oscillator Frequency and Maximum Line 
Current Settling 

Oscillator frequency is set by Rset and Cset- Ramp ampli- 
tude is 5 V and Cset charging current is set by Vref/Rset. 
Typical discharging time for Cset = InF is 250ns. R$et 
should always be determined first to set the maximum 
multiplier output current for system line current limit. For 
a300W preregulator, with Rset= 1 5k, Im(max) =3.75V/1 5k 
= 250(jA. With a 4k resistor Rref from Mqut to the 0.2L2 
line current sense resistor Rs, the line current limit is: (Im 
x 4k)/Rs- As a general rule, R$ is chosen according to: 

p _ !m(max) x Rref x Vline(min) 
s = K(1.414)P 0 U t(max) 

where Pout(max) is the maximum power output and K is 
usually between 1.1 and 1.3 depending on efficiency and 
resistor tolerance. With Rset selected, Cset can then be 
determined by: Cset= 1 .5/(Frequency x Rset). For 1 00kHz, 
Cset = 1.5/(100kHz x 15k) = InF. For optional double 
protection, the LT1248 provides a current limit compara- 
tor. When the comparatortrips at 0V, the GTDR pin quickly 
goes low to shut off the MOS switch. A resistor divider 
from VREFto Rs (Figure 2) senses the voltage across the 
line current sense resistor and the current limit is set by: 
I|_ine = [(7.5V/R1 ) + 50pA](R2/Rs), where 50pA is Ipklim- 



C1 IS TO REJECT NOISE, CURRENT 
LIMIT DELAY IS ABOUT 2fis. 


Figure 2. 


With Iline and Rs chosen, let R1 = 10k, then R2 = 
OlinexRs)/0.8itiA. 

Always use Rset to set the primary line current limit. The 
PK|_im comparator is only for secondary protection. The 
secondary limit should be higher than the primary limit; 
6.5A is good (5A for primary limit) fora 300W regulator. 
When line current reaches the primary limit, Vout drops to 
keep the line current constant, and system stability is still 
maintained by the current loop which is controlled by the 
current amplifier. When line current reaches the second- 
ary limit, the comparator controls the system and loop 
hysteresis may occur and can cause audible noise. 

Synchronization 

The LT 1 248 can be synchronized to a frequency that is up 
to 1 .6 times the natural frequency. With a 200ns one-shot 
timer on-chip, the LT1248 provides flexibility on the 
synchronizing pulse width. Because the EN/SYNC pin also 
serves the chip shutdown function, the pulses at the pin 
should not go below 3V and must go below 5V with widths 
greater than 200ns. The Figure 3 circuit will synchronize 
the LT1248. 


VREF 




► 30k 
^ 1N4148 


200k 

-AAAr- 


■ V CC 


rj- 1N4685 
A 3.6 V 

L— | , SYNC PULSE 


Figure 3. 


AT LEAST 200ns 


Overvoltage Protection 

Because of the slow loop response necessary for power 
factorcorrection, output overshoot can occur with sudden 
load removal or reduction. To protect the power compo- 
nents and output load, the LT1248 provides an overvolt- 
age comparator which senses the output voltage and 
quickly shuts off the current switch. In Figure 4, because 
there is no DC current going through R3, R1 and R2 set the 
regulator output DC level: Vout= v ref[( r 1 + R2)/R2], with 
R1 = 1 M, R2 = 20k, Vqut is 382V. 
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Note that Vsense is the summing node and it stays at 7.5V. 
When overshoot occurs on Vout. the overcurrent from R1 
will go through R2 as well as R3. Amplifier feedback will 
keep Vsense locked at 7.5V. The equivalent AC resistance, 
seen by the comparator input pin OVP, is R2 in parallel 
with R3, which is 10k. Therefore, with the comparator trip 
level of 1 .05Vref and R3 of 20k, the comparator trips when 
Vqut overshoot exceeds 10%. Overvoltage trip level: 


%V 0 ut 


= 5% 


R2 + R3 
R3 


A 


J 


Mout is a high impedance current output. In the current 
loop, offset line current is determined by multiplier offset 
current and input offset voltage of the current amplifier. 
A -4mV current amplifier Vos translates into 20mA line 
current and 5W input power for 250V line if 0.2Q sense 
resistor is used. Under no load or when the load power is 
less than this offset input power, Vout would slowly 
charge up to an overvoltage state because the overvoltage 
comparator can only reduce multiplier output current to 
zero. This does not guarantee zero output current if the 
current amplifier has offset. To regulate Vout under this 
condition, the amplifier Ml (see Block Diagram), becomes 
active in the current loop when VAout goes down to 2.2V. 
The Ml can put out up to 7pAto the resistor at the Isense 
pin to cancel any current amplifier negative Vos and keep 
Vqut error to within 2 V. 


0.047liF 



Undervoltage Lockout 

The LT1248 turns on when Vcc is higher than 16V and 
remains on until Vcc falls below 10V, whereupon the chip 
enters the lockout state. In the lockout state, the LT1248 
only draws 250pA, the oscillator is off, and the Vref and 
the GTDR pins remain low to keep the power MOSFET off. 

Start-Up and Supply Voltage 

The LT1248 draws only 250pA before the chip starts at 
1 6 V on Vcc- To trickle start, a 90k resistor from the power 
line to Vcc supplies the trickle current and C4 holds the Vcc 
up while switching starts. Then the auxiliary winding takes 
over and supplies the operating current. Note that D3 and 
the large value C3, in both Figures 5 and 6, are only 
necessary for systems that have sudden large load varia- 
tion down to minimum load and/or very light load condi- 
tions. Under these conditions, the loop may exhibit a start/ 
restart mode because switching remains off long enough 
for C4 to discharge below 10V. The C3 will hold V c c up 
until switching resumes. For less severe load variations, 
D3 is replaced with a short and C3 is omitted. The turns 
ratio between the primary winding and the auxiliary wind- 
ing determines Vcc according to: 


LINE MAIN INDUCTOR 




~ 1248 F06 

Figure 6. 
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Vout/(Vcc-2V) = n p /n s . 

For 382V V 0 ut and 1 8 V V cc , l\lp/Ns = 1 9. 

In Figure 6, a new technique for supply voltage eliminates 
the need for an extra inductor winding. It uses capacitor 
charge transfer to generate a constant current source 
which feeds a Zener diode. Current to the Zener is equal to 
(Vout -V z )(C)(f), where V z is Zener voltage and f is 
switching frequency. For Vout = 382V, V z = 18V, C = 
1 0OOpF, and f = 1 00kHz, Zener current will be 36mA. This 
is enough to operate the LT1248, including the FET gate 
drive. Normally soft start is not needed because the 
LT1248 has overcurrent limit and overvoltage protection. 
If soft start is used with a 0.01 pF capacitor on SS pin, Vout 
ramps up slower during startup. Then C4 has to hold Vcc 
longer, and the circuit may not start. Increasing C4 to 
lOOpF ensures startup, but startup time will be extended 
if the same 90k trickle charge resistor is used. 

Output Capacitor 

The peak-to-peak 120Hz output ripple is determined by: 
Vp-p = (2) (Iload(DC)KZ) 
where Iload<dc) : DC load current. 

Z: capacitor impedance at 120Hz. 

For 1 80pF at 300W load, Iload(DC) = 300W/385V = 0.78A, 
Vpp = 2 x 0.78A x 1AQ. = 1 1 .5 V. If less ripple is desired, 
higher capacitance should be used. The selection of the 
output capacitor should also be based on the operating 
ripple current through the capacitor. The ripple current 
can be divided into three major components. The first is at 
1 20Hz; it’s RMS value is related to the DC load current as 
follows, 

•iRMS = 0.71 X l|_0AD(DC) 

The second component contains the PF switching fre- 
quency ripple current and its harmonics. Analysis of the 
ripple is complicated because it is modulated with a 120Hz 
signal. Flowever computer numerical integration and Fou- 
rier analysis approximate the RMS value reasonably close 
to the bench measurements. The RMS value is about 0.82A 
at a typical condition of 120VAC, 200W load. This ripple is 
line-voltage dependent, and the worst case is at low line. 

I2RMS = 0.82A at 120VAC, 200W 


The third component is the switching ripple from the load, 
if the load is a switching regulator. 

I 3 RMS “ ILOAD(DC) 

For the United Chemicon KMH 400V capacitor series, 
ripple current multiplierfor currents at 1 00kHz is 1 .43. The 
equivalent 120Hz ripple current can be then found: 

Irms =V (Iirms) 2 + (I2rms/1 -43) 2 + (I 3 RMS/I -43) 2 

Fora typical system that runs at an average load of 200W 
and 385V output: 

Iload(dc) = 0-52A 
I-IRMS = 0.71 x 0.52A = 0.37A 
I 2 RMS = 0.82A at 120VAC 
I 3 RMS ~ Iload(DC) = 0-52A 

Irms = V(0.37A) 2 +(0.82A/1 ,43) 2 +(0.52A/1 ,43) 2 = 0.77A 

The 1 20Hz ripple current rating at 1 05°C ambient is 0.95A 
for the 1 80|iF KMH 400V capacitor. The expected life of the 
output capacitor may be calculated from the thermal 
stress analysis: 

(105°C+ATK) - (TA+ATO) 

L = Lo x 2 To 
where: 

L: expected life time 

Lq: hours of load life at rated ripple current and rated 
ambient temperature. 

AT|<: Capacitor internal temperature rise at rated condi- 
tion. aT«= (l 2 R)/(KA). Where I is the rated current, 
R is capacitor ESR, and KA is a volume constant. 

T a : Operating ambient temperature. 

ATo: Capacitor internal temperature rise at operating 
condition. 

In our example Lo = 2000 hours and AT« = 10°C at rated 
0.95A. ATo can then be calculated from: 

AT k =(Irms/ 0-95A) 2 x AT k = ( 0.77A/0.95A) 2 x 1 0°C = 6.6°C 

Assuming the operating ambienttemperature is 60°C, the 
approximate life time is: 

(105°C+10°C) - (60°+6.6°C) 

L 0 = 2000 x2 Hi = 57,000 hours 

For longer life, a capacitor with a higher ripple current 
rating or parallel capacitors should be used. 
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■ Standard 8-Pin Packages 

■ High Power Factor Over Wide Load Range 
with Line Current Averaging 

■ International Operation Without Switches 

■ Instantaneous Overvoltage Protection 

■ Minimal Line Current Dead Zone 

■ Typical 250pA Start-Up Supply Current 

■ Rejects Line Switching Noise 

■ Synchronization Capability 

■ Low Quiescent Current: 9mA 

■ Fast 1 ,5A Peak Current Gate Driver 

APPUCATIOAS 

■ Universal Power Factor Corrected Power Supplies 

■ Preregulators up to 1500W 


The 8-pin LT 1 249 provides active power factor correction 
for universal off-line power systems with very few external 
parts. By using fixed high frequency PWM current averag- 
ing without the need for slope compensation, the LT 1 249 
achieves far lower line current distortion, with a smaller 
magnetic element than systems that use either peak 
current detection or zero current switching approach, in 
both continuous and discontinuous modes of operation. 

The LT1249 uses a multiplier that has a square gain 
function from the voltage amplifier to reduce the AC gain 
at light output load and thus maintains low line current 
distortion and high system stability. The LT1249 also 
provides filtering capability to reject line switching noise 
which can cause instability when fed into the multiplier. 
Line current dead zone is minimized with low bias voltage 
at the current input to the multiplier. 

The LT1249 provides many protection features including 
peak current limiting and overvoltage protection. The 
switching frequency is internally set at 100kHz. 

While the LT1249 simplifies PFC design with minimal 
parts count, the LT1248 provides flexibilities in switching 
frequency, overvoltage, and current limit. 



BLOCK DIAGRAID 


VAqut MqUT CAqut GND Vcc 
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Supply Voltage 27V 

GTDR Current Continuous 0.5A 

GTDR Output Energy(Per Cycle) 5pJ 

Iac Input Current 20mA 

Vsense Input Voltage V MA x 

Mout Input Current ±5mA 

Operating Junction Temperature Range 

LT1249C 0°C to 100°C 

LT1249I -40°C to 125°C 

Thermal Resistance (Junction-to-Ambient) 

N Package 100°C/W 

S Package 120°C/W 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PfKKRGE/ORDER IRFORmRUOR 



TOP VIEW 


ORDER PART 
NUMBER 

GND |T 
CAout E 
Mout E 
Iac E 


J] GTDR 
l] Vcc 
i] Vsense 

H VAout 


LT1249CN8 

LT1249IN8 

LT1249CS8 

LT1249IS8 

N8 PACKAGE 

8-LEAD PLASTIC DIP 

S8 PACKAGE 

8-LEAD PLASTIC SOIC 

S8 PART 
MARKING 

Tjmax : 

Tjmax 

125°C, 0j A = 100°C/W (N) 

= 125°C,ejA = 120°C/W (S) 

1249 

12491 


Consult factory for Military grade parts. 


C16CTMCM. CHARACTERISTICS 

Maximum operating voltage (Vmax) = 25V, Vcc = 18V, Iac = lOOjuA, CAout = 3.5V, VAout = 5V, no load on any outputs, 
unless otherwise noted. 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX | 

UNITS 

Overall 

Supply Current (Vcc in Undervoltage Lockout) 

Vcc = Lockout Voltage - 0.2V 

• 


0.25 

0.45 

mA 

Supply Current, On 

11.5V<Vcc^Vmax 

• 


8 

12 

mA 

Vcc Turn-On Threshold 


• 

15.5 

16.5 

17.5 

V 

Vcc Turn-Off Threshold 


• 

9.5 

10.5 

11.5 

V 

Voltage Amplifier 

Vsense Bias Current 

Vsense = 0V to 7V 

• 


-25 

-250 

nA 

Voltage Amp Gain 



70 

100 


dB 

Voltage Amp Unity-Gain Bandwidth 



L _■ 1-5 1 

MHz 

Voltage Amp Output High 

0 < Source Current < 50pA 

• 

10 

12 


V 

Voltage Amp Output Low 

0 < Sink Current < 5pA 

• 


0.1 

0.4 

V 

Voltage Amp Source Current 


• 

130 

260 

450 

pA 

Voltage Amp Sink Current Threshold 

Linear Operation, 2 V < VAqut < 10V 

• 

33 

44 

57 

pA 

Voltage Amp Sink Current Hysteresis 

2V< VAqut < 10V 

• 

14 

22.5 

30 

pA 

Current Amplifier 

Current Amp Offset Voltage 


• 


±2 

±15 

mV 

Current Amp Transconductance 

aIcaout = ±40pA 

• 

150 

320 

550 

pmho 

Current Amp Voltage Gain 

2.5V < Vcaout ^ 7.5V 


500 

1000 


V/V 

Current Amp Source Current 

Vmout = 1V, Im = 0^iV 


100 

145 

220 

pA 

Current Amp Sink Current 

Vmout = -0.3V, Im = 0|iA 


67 

95 

125 

pA 

Current Amp Output High 



7.4 

8.1 


V 

Current Amp Output Low 




1.2 

2 

V 
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ELECTRICAL CHARACTERISTICS 

Maximum operating voltage (Vmax) = 25V, Vcc = 18V, l A c = 100(nA, CAout = 3.5V, VAqut = 5V, no load on any outputs, 
unless otherwise noted. 


PARAMETER 

| CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Output Voltage 

T a = 25°C, Measured at V S ense Pin 


7.39 

7.5 

7.6 

V 

Reference Output Voltage Worst Case 

All Line, Temperature 

• 

7.32 

7.5 

7.68 

V 

Reference Output Voltage Line Regulation 

^lockout < v cc < Vmax 

• 

-20 

5 

20 

mV 

Multiplier 

Multiplier Output Current 

l AC = 100pA, VAout = 5V 


1 35 

pA 

Multiplier Output Current Offset 

r ac = IMfrom l AC toGND 

• 


-0.05 

-0.5 

pA 

Multiplier Max Output Current (Im(max)) 

I ac = 450(jA, VAout = 7V (Note 1) 

• 

-375 

-250 

-150 

pA 

Multiplier Max Output Voltage (Im(max) x Rmout) 

I ac = 450|jA, VA out = 7V (Note 1) 

• 

-1.25 

-1.1 

-0.96 

V 

Multiplier Gain Constant (Note 2) 



| 0.035 

V- 2 

Iac Input Resistance 

l AC from 50jliA to 1 mA 


1 15 

25 

35 

kQ 

Oscillator 

Oscillator Frequency 


• 

75 

100 

125 

kHz 

Control Pin (CA 0 ut) Threshold 

Duty Cycle = 0 

• 

1.3 

1.8 

2.3 

V 

Synchronization Frequency Range 

Synchronizing Pulse Low < 0.35V on CAout 

• 

127 


160 

kHz 

Gate Driver 

Max GTDR Output Voltage 

OmA Load, 1 8V < V cc < V MA x (Note 3) 

• 

112 

15 

17.5 

V 

GTDR Output High 

-200mA Load, 11.5V < V cc < 15V 

• 

[ Vcc -3.0 

V 

GTDR Output Low (Device Unpowered) 

V C c = OV, 50mA Load (Sinking) 

• 

err 

0.9 

1.5 

V 

GTDR Output Low (Device Active) 

200mA Load (Sinking) 

• 

0.5 1 

V 

Peak GTDR Current 

lOnFfrom GTDR to GND 


2 

A 

GTDR Rise and Fall Time 

InFfrom GTDR to GND 


25 

ns 

GTDR Max Duty Cycle 



90 

96 


% 


The • denotes specifications which apply over the operating temperature Note 2: Multiplier Gain Constant: K = ^ 

range. ' Uc (VA 0 ut- 1-5) 2 

Note 1 : Current amplifier is in linear mode with OV input common mode. Note 3: Maximum GTDR output voltage is internally clamped for higher 

Vcc voltages. 



typical PCRFOftmnnce characteristics 


Voltage Amplifier Open-Loop 
Gain and Phase 



Transconductance of 
Current Amplifier 



1249G02 


/XLin^Afc 

TECHNOLOGY 


4-207 







LT1249 



4-208 


rj uim 

TECHNOLOGY 







LT 1249 


TYPicni P€RFORmnnc€ chrrrctcristics 


Synchronization Threshold 
at CAqut 


>. 

0.9 

o 

o 

0,8 

31 

C/D 

LU 

0.7 

CC 

31 

0.6 

i 

0.5 

§ 

2! 

0.4 

O 

CC 

31 

0.3 

o 

2 

>- 

C/D 

0.2 

n i 


Mqut Pin Characteristics 


0 25 50 75 100 125 

TEMPERATURE (°C) 



- 1.2 0 1.2 
Mqut VOLTAGE (V) 


Transconductance of Current 
Amplifier Over Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

1249 G13 


Voltage Amp Sink Current Limits 
(Threshold) 
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TEMPERATURE (°C) 

NOTE: THESE SINK CURRENT THRESHOLDS ARE 
FOR OVERVOLTAGE PROTECTION FUNCTION. 1249G i4 


Maximum Multiplier Output 
Voltage (Im(max) x Rmout) 
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Maximum Duty Cycle 
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GND (Pin 1): Ground. 

CAout (Pin 2): This is the output of the current amplifier 
that senses and forces the line current to follow the 
reference signal that comes from the multiplier by com- 
manding the pulse width modulator. When CAout is low, 
the modulator has zero duty cycle. 

Mqut (Pin 3): The multiplier current goes out of this pin 
through the 4k resistor Rmout- The voltage developed 
across Rmout is the reference voltage of the current loop 
and it is limited to 1.1V. The noninverting input of the 
current amplifier is also tied to Rmout- In operation, Mqut 


is normally at negative potential and only AC signals 
appear at the noninverting input of the current amplifier. 

Iac (Pin 4): This is the AC line voltage sensing input to the 
multiplier. It is a current input that is biased at 2 V to 
minimize the crossover dead zone caused by low line 
voltage. A 25k resistor is in series with the current input, 
so that a small external capacitor can be used to filter out 
the switching noise from the high impedance lines. 

VAout (Pin 5): This is the output of the voltage error 
amplifier. The output is clamped at 1 2 V. When the output 
goes below 1 .5 V, the multiplier output current is zero. 
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Vsense (Pin 6): This is the inverting input to the voltage 
amplifier. 

GTDR (Pin 7): The MOSFET gate driver is a 1 ,5A fast totem 
pole output. It is clamped at 15V. Capacitive loads like 
MOSFET gates may cause overshoot. A gate series resis- 
tor of at least 5£2 will prevent the overshoot. 


V C c (Pin 8): This is the supply of the chip. The LT 1 249 has 
a very fast gate driver required to fast charge high power 
MOSFET gate capacitance. High current spikes occur 
during charging. For good supply bypass, a 0.1 pF ceramic 
capacitor in parallel with a low ESR electrolytic capacitor, 
56pF or higher is required in close proximity to 1C GND. 


flppucnnons mFonmnnon 

Error Amplifier 

The error amplifier has a 1 0OdB DC gain and 1 ,5MHz unity- 
gain frequency. It is internally clamped at 12V. The non- 
inverting input is tied to the 7.5V reference. 

Current Amplifier 

The multiplier output current Im flows out of the Mout pin 
through the 4k resistor Rmout and develops the reference 
signal to the current loop that is controlled by the current 
amplifier. Current gain is the ratio of Rmout to line current 
sense resistor. The current amplifier is a transconductance 
amplifier. Typical g m is 320pmho and gain is 60dB with no 
load. The inverting input is internally tied to GND. The 
noninverting input is tied to the multiplier output. The 
output is internally clamped at 8 V. Output resistance is 
about 4M; DC loading should be avoided because it will 
lower the gain and introduce offset voltage at the inputs 
which becomes a false reference signal to the current loop 
and can distort line current. Note that in the current 
averaging operation, high gain at twice the line frequency 
is necessary to minimize line current distortion. Because 
CAqut may need to swing 5V over one line cycle at high line 
condition, 1 1 mV will be present at the inputs of the current 
amplifier if gain is rolled off to 450 at 1 20Hz (InF in series 
with 1 0k at CA 0UT ). At light load, when (Im)(Rmout) can be 
less than lOOmV, lower gain will distort the current loop 
reference signal and line current. If signal gain at the 
100kHz switching frequency is too high, the system be- 
haves more like a current mode system and can cause 
subharmonic oscillation. Therefore, the current amplifier 
should be compensated to have a gain of less than 15 at 
1 00kHz and more than 300 at 1 20Hz. 


Multiplier 

The multiplier is a current multiplier with high noise 
immunity in a high power switching environment. The 
current gain is: 

Im = (Iac x Iea 2 )/(200hA) 2 , and 

lEA = (VAoui-1.5V)/25k 

With a square function, because of the lower gain at light 
power load, system stability is maintained and line current 
distortion caused by the AC ripple fed back to the error 
amplifier is minimized. Note that switching ripple on the 
high impedance lines could get into the multiplierfrom the 
Iac pin and cause instability. The LT1249 provides an 
internal 25k resistor in series with the low impedance 
multiplier current input so that only a capacitor from the 
Iac pin to GND is needed to filter out the noise. Maximum 
multiplier output current is limited to 250pA. Figure 1 
shows the multiplier transfer curves. 



Iac (mA) 

1249 G04 

Figure 1 . Multiplier Current Im vs l A c and VA 0UT 
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Line Current Limiting 

Maximum voltage across Rmout is internally limited to 
1.1V. Therefore, line current limit is 1.1V divided by the 
sense resistor Rs. With a 0.2£2 sense resistor R§ line 
current limit is 5.5A. As a general rule, Rs is chosen 
according to: 

R _ l M(MAX) xR MOUT xV LINE(MIN) 

S K(1.414)P 0U T(MAX) 
where Pout(max) is the maximum power output and K is 
usually between 1 .1 and 1 .3 depending on efficiency and 
resistor tolerance. When the output is overloaded and line 
current reaches limit, output voltage Vout will dropto keep 
line current constant. System stability is still maintained 
by the current loop which is controlled by the current 
amplifier. Further load current increase results in further 
Vout drop and clipping of the line current, which degrades 
power factor. 


Synchronization 

The LT 1 249 can be externally synchronized in afrequency 
range of 127kHz to 160kHz. Figure 2 shows the synchro- 
nizing circuit. Synchronizing occurs when CAout pin is 
pulled below 0.5V with an external transistorand a Schottky 
diode. The Schottky diode and the 1 0k pull-up resistor are 
necessary for the required fast slewing back up to the 
normal operating voltage on CAout after the transistor is 
turned off. Positive slewing on CAout should be faster 
than the oscillator ramp rate of 0.5V/ps. 

The width of the synchronizing pulse should be under 
60ns. The synchronizing pulses introduce an offset volt- 
age on the current amplifier inputs, according to: 


(ts)(fs)| 


AVqs = - 


!c + 


Vc-05 

R2 


9m 


ts = pulse width 

fs = pulse frequency 

lc = CAout source current (« 150pA) 

Vc = CAout operating voltage (1 .8 V to 6.8V) 

R2 = resistorfor the mid-frequency “zero” in the current loop 
g m = current amplifier transconductance 320pmho) 


With ts = 30ns, fs = 1 30kHz, V c = 3V, and R2 = 1 0k, offset 
voltage shift is =5mV. Note that this offset voltage will add 
slight distortion to line current at light load. 



Figure 2. Synchronizing the LT1249 
Overvoltage Protection 

In Figure 3, R1 and R2 set the regulator output DC level: 
Vout = V ref [(R1 + R2)/R2], With R1 =1M, R2 = 20k, V 0U t 
is 382V. 

Because of the slow loop response necessary for power 
factor correction, output overshoot can occur with sudden 
load removal or reduction. To protect the power compo- 
nents and output load, the LT1 249 voltage error amplifier 
senses the output voltage and quickly shuts off the current 
switch when overvoltage occurs. When overshoot occurs 
on Vqut, the overcurrent from R1 will go through VAout 
because amplifier feedback keeps Vsense locked at 7.5V. 
When this overcurrent reaches 44pA amplifier sinking 
limit, the amplifier loses feedback and its output snaps low 
to turn the multiplier off. 

Overvoltage trip level: A Vout = 44pA x R1 
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The Figure 3 circuit therefore has 382V on Vout, and an 
overvoltage level = (Vout + 44V), or 426V. With a 22jnA 
hysteresis, Vout then has to drop 22V to 404V before 
feedback recovers and the switch turns back on. 

Mout is a high impedance current output. In the current 
loop, offset line current is determined by multiplier offset 
current and input offset voltage of the current amplifier. 
A negative 4mV current amplifier Vos translates into 
20mA line current and 5W input power for 250V line if 
0.2Q sense resistor is used. Linder no load or when the 
load power is less than this offset input power, Vout would 
slowly charge up to an overvoltage state because the 
overvoltage comparator can only reduce multiplier output 
current to zero. This does not guarantee zero output 
current if the current amplifier has offset. To regulate Vout 
under this condition, the amplifier Ml (see Block Dia- 
gram), becomes active in the current loop when VAout 
goes down to 1 V. The Ml can put out up to 1 5pA to the 4k 
resistor at the inverting input to cancel the current ampli- 
fier negative Vos and keep Vout error to within 2 V. 

Undervoltage Lockout 

The LT1249 turns on when Vcc is higher than 16V and 
remains on until Vqc falls below 10V, whereupon the chip 
enters the lockout state. In the lockout state, the LT1249 
only draws 250pA, the oscillator is off, the Vref and the 
GTDR pins remain low to keep the power MOSFET off. 

Start-Up and Supply Voltage 

The LT1249 draws only 250pA before the chip starts at 
1 6 V on Vcc- To trickle start, a 90k resistor from the power 
line to Vcc supplies the trickle current and C4 holds the Vcc 
up while switching starts (see Figure 4). Then the auxiliary 
winding takes over and supplies the operating current. 
Note that D3 and the large value C3, in both Figures 4 and 
5, are only necessary for systems that have sudden large 
load variation down to minimum load and/or very light 
load conditions. Under these conditions, the loop may 
exhibit a start/restart mode because switching remains off 
long enough for C4 to discharge below 10V. The C3 will 
hold Vcc U P until switching resumes. For less severe load 
variations, D3 is replaced with a short and C3 is omitted. 
The turns ratio between the primary winding and the 


LINE MAIN INDUCTOR 



ALL CAPACITORS ARE RATED 35V “ '»>» 


Figure 4. Power Supply for LT1249 



Figure 5. Power Supply for LT1249 

auxiliary winding determines Vcc according to: Vout/(Vcc 
- 2 V) = N P /N S . For 382V V 0U t and 18V V cc , Np/N s = 19. 

In Figure 5 a new technique for supply voltage eliminates 
the need for an extra inductor winding. It uses capacitor 
charge transfer to generate a constant current source 
which feeds a Zener diode. Current to the Zener is equal to 
(Vout -Vz)(C)(f), where Vz is Zener voltage and f is 
switching frequency. For Vqut = 382V, Vz = 18V, C = 
1 0OOpF, and f = 1 00kHz, Zener current will be 36mA. This 
is enough to operate the LT1249, including the FET gate 
drive. 

Output Capacitor 

The peak-to-peak 120Hz output ripple is determined by: 

Vp-p = (2)(I LO adDC)(Z) 

where IloadDC: DC load current 

Z: capacitor impedance at 1 20Hz 

For 180gF at 300W load, IloadDC = 300W/385V = 0.78A, 
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Vp.p = 2 x 0.78A x 7.4Q = 1 1 .5 V. If less ripple is desired, 
higher capacitance should be used. 

The selection of the output capacitor should also be based 
on the operating ripple current through the capacitor. 

The ripple current can be divided into three major compo- 
nents. The first is at 1 20Hz whose RMS value is related to 
the DC load current as follows: 



The 1 20Hz ripple current rating at 1 05°C ambient is 0.95A 
forthe 1 80pF KMH 400V capacitor. The expected life of the 
output capacitor may be calculated from the thermal 
stress analysis: 


Iirms * 0-71 x IloadDC 

The second component contains the PF switching fre- 
quency ripple current and its harmonics. Analysis of this 
ripple is complicated because it is modulated with a 1 20Hz 
signal. However, computer numerical integration and Fou- 
rier analysis approximate the RMS value reasonably close 
to the bench measurements. The RMS value is about 
0.82A at a typical condition of 120VAC, 200W load. This 
ripple is line voltage dependent, and the worst case is at 
low line. 

I2RMS = 0.82A at 1 20VAC, 200W 

The third component is the switching ripple from the load, 
if the load is a switching regulator. 

I3 RMS ~ IloadDC 

For United Chemicon KMH 400V capacitor series, ripple 
current multiplier for currents at 100kHz is 1.43. The 
equivalent 120Hz ripple current can then be found: 



(l 05 °C+ATk)-(T amb + ATq) 

L = L 0 x2 To 


where 

L = expected life time 

Lo = hours of load life at rated ripple current and rated 
ambient temperature 

ATk = capacitor internal temperature rise at rated 
condition. ATk = (i 2 R)/(KA), where I is the rated current, 
R is capacitor ESR, and KA is a volume constant. 

Tamb = operating ambient temperature 

ATo = capacitor internal temperature rise at operating 

condition 

In our example, Lo = 2000 hours and ATk = 1 0°C at rated 
0.95A. ATq can then be calculated from: 


ATn = 


r, * 

]rms 


0.95A 


xAT k = 


^0.77A a2 


0.95A 


x 1 0°C = 6.6°C 


Assuming the operating ambient temperature is 60°C, the 
approximate life time is: 


For a typical system that runs at an average load of 200W 
and 385V output: 

IloadDC = 0.52A 
Iirms - 0.71 x0.52A = 0.37A 
l 2 RMS * 0-82A at 1 20VAC 
I 3 RMS a IloadDC = 0.52A 


(1 05°C+1 0°C)-(60°C+6.6°C) 

L 0 » 2000x2 10 =57,000 Hrs. 

For longer life, capacitor with higher ripple current rating 
or parallel capacitors should be used. 
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300W, 382V Preregulator 



* 1 . COILTRONICS CTX02-1 2236 (TYPE 52 CORE) ««™oi 

AIR MOVEMENT NEEDED AT POWER LEVEL GREATER THAN 250W. 

2. COILTRONICS CTX02-12295 (MAGNETICS Kool Mfi® 77930 CORE) 

* THIS SCHOTTKY DIODE IS TO CLAMP GTDR WHEN MOS SWITCH TURNS OFF. 

PARASITIC INDUCTANCE AND GATE CAPACITANCE MAY TURN ON CHIP SUBSTRATE 
DIODE AND CAUSE ERRATIC OPERATIONS IF GTDR IS NOT CLAMPED. 

t SEE APPLICATIONS INFORMATION SECTION FOR CIRCUITRY TO SUPPLY POWER TO V C c- 


Kool Mu is a registered trademark of Magnetics, Inc. 
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Dual 24V High-Side 
MOSFET Driver 


F€flTUft€S 


DescmPTion 


■ Fully Enhances N-Channel Power MOSFETs 

■ 12gA Standby Current 

■ Operates at Supply Voltages from 9 V to 24V 

■ Short Circuit Protection 

■ Easily Protected Against Supply Transients 

■ Controlled Switching ON and OFF Times 

■ No External Charge Pump Components 

■ Compatible With Standard Logic Families 

■ Available in 8-Pin SOIC 

nppucnnons 

■ Solenoid Drivers 

■ DC Motor Drivers 

■ Stepper Motor Drivers 

■ Lamp Drivers/Dimmers 

■ Relay Drivers 

■ Low Frequency H-Bridge 

■ P-Channel Switch Replacement 


The LTC1255 dual high-side driver allows using low 
cost N-channel FETs for high-side industrial and auto- 
motive switching applications. An internal charge pump 
boosts the gate drive voltage above the positive rail, 
fully enhancing an N-channel MOS switch with no 
external components. Low power operation, with 1 2pA 
standby current, allows use in virtually all systems with 
maximum efficiency. 

Included on-chip is independent overcurrent sensing 
to provide automatic shutdown in case of short circuits. 

A time delay can be added to the current sense to 
prevent false triggering on high in-rush current loads. 

The LTC1 255 operates from 9 V to 24V supplies and is MHH 
well suited for industrial and automotive applications. hBR 

The LTC1255 is available in both an 8-pin DIP and an 
8-pin SOIC. 


TVPicm flppucATion 


Dual 24V High-Side Switch with Overcurrent Protection 



Standby Supply Current 


1 

V|N1 = V| N2 = 

0 V 




t a = , 

15°C 
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Supply Voltage -0.3V to 30V 

Transient Supply Voltage (<10ms) 40V 

Input Voltage (V s + 0.3V) to (GI\ID - 0.3V) 

Gate Voltage (V s + 20V) to (GND - 0.3V) 

Current (Any Pin) 50mA 


Operating Temperature Range 

LTC1255C 0°C to 70°C 

LTC1255I -40 C to 85' C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKRGC/ORDCR IflFORmflTIOn 


TOP VIEW 
DS1 
GATE 1 
GND 
INI 

N8 PACKAGE 
8-LEAD PLASTIC DIP 



Tjmax = 100°C, 0 JA = 130°C/W 


ORDER PART 
NUMBER 


LTC1255CN8 

LTC1255IN8 


TOP VIEW 
DS1 
GATE 1 
GND 
INI 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 



Tjmax=1OO°C,0j A =15O°C/W 


ORDER PART 
NUMBER 


LTC1255CS8 

LTC1255IS8 


S8 PART MARKING 


1255 

12551 


Consult factory for Military grade parts. 


€l€CTRICAl CHRRRCTCRISTICS Vs = 9V to 24V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

>Q 

Quiescent Current OFF 

V S = 10V, V| N = 0V (Note 1 ) 



12 

40 

pA 



V s = 18V,V| N = 0V (Note 1) 



12 

40 

pA 



V s = 24V, V| N = 0V (Note 1) 



12 

40 

pA 


Quiescent Current 0I\I 

Vs = 10V, Vgate = 22V, V, N = 5V (Note 2) 



160 

400 

pA 



Vs = 18V, Vqate = 30V, V jN = 5V (Note 2) 



350 

800 

pA 



Vs = 24V, Vgate = 36V, V, N = 5V (Note 2) 



600 

1200 

pA 

V INH 

Input High Voltage 


• 

2 

V 

V|NL 

Input Low Voltage 


• 

0.8 

V 

•in 

Input Current 

0V<V| N <V s 

• 

±1 

HA 

C|N 

Input Capacitance 



5 

PF 

VSEN 

Drain Sense Threshold Voltage 



80 

100 

120 

mV 




• 

75 

100 

125 

mV 

•sen 

Drain Sense Input Current 

0V<V S EN<V S 

• 

| ±0.1 

mA 

Vgate “ Vs 

Gate Voltage Above Supply 

V S = 9V 

• 

7.5 

10.5 

12 

V 

•gate 

Gate Output Drive Current 

V s = 18 V, Vgate = 30V 

• 

5 

20 


mA 



V S = 24V, Vgate = 36V 

• 

5 

23 


HA 
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ELECTRICAL CHARACTERISTICS Vs = 9V to 24V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS ! 

MIN 

TYP 

MAX 

UNITS 

tON 

Turn-ON Time 

V s = 10V, Cqate = lOOOpF (Note 3) 








Time for Vgate > Vs + 2V 


30 

100 

300 

MS 



Time for Vqate > Vs + 5V 


75 

250 

750 

MS 



V s = 18V, Cgate = lOOOpF (Note 3) 








Time for Vqate > V s + 5V 


40 

120 

400 

MS 



Time for Vqate > Vs + 10 V 


75 

250 

750 

MS 



V s = 24V, Cqate = lOOOpF (Note 3) 








Time for Vqate > Vs + 1 0V 


50 

180 

500 

MS 

tOFF 

Turn-OFF Time 

V s = 10V, Cqate = lOOOpF, (Note 3, 4) 


10 

24 

60 

MS 



V s = 18V, Cqate = lOOOpF, (Note 3, 4) 


10 

21 

60 

MS 



V s = 24V, Cqate = lOOOpF, (Note 3, 4) 


10 

19 

60 

MS 

tsc 

Short-Circuit Turn-OFF Time 

V s = 10V, Cqate = lOOOpF, (Note 3, 4) 


5 

16 

30 

MS 



Vs = 18V, Cqate = lOOOpF, (Note 3, 4) 


5 

16 

30 

MS 



V s = 24V, Cqate = lOOOpF, (Note 3, 4) 


5 

16 

30 

MS 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Quiescent current OFF is for both channels in OFF condition. 

Note 2: Quiescent current ON is per driver and is measured independently. 
The gate voltage is clamped to 12V above the rail to simulate the effects of 
protection clamps connected across the GATE-SOURCE of the power 
MOSFET. 


Note 3: Zener diode clamps must be connected across the GATE-SOURCE 
of the power MOSFET to limit Vqs- 1N5242A (through hole) or 
MMBZ5242A (surface mount) 12V Zener diodes are recommended. All 
Turn-ON and Turn-OFF tests are performed with a 12V Zener clamp in 
series with a small-signal diode connected between Vs and the GATE 
output to simulate the effects of a 12V protection Zener clamp connected 
across the GATE-SOURCE of the power MOSFET. 

Note 4: Time for Vgate to drop below IV. 



TYPICAL PERFORflMnCE CHARACTERISTICS 


Standby Supply Current 



Supply Current per Driver (ON) 



Gate Voltage Above Supply 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 
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STANDBY SUPPLY CURRENT (jiA) TURN-ON TIME (jis) _ INPUT THRESHOLD VOLTAGE (V) 


LTC1255 

tvpicri P€RFORmnnc€ chrrrctcristics 


Input Threshold Voltage 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


LTC1255-TPC04 


Drain Sense Threshold Voltage 



SUPPLY VOLTAGE (V) 

LTC1255-TPC05 


Gate Clamp Current 



SUPPLY VOLTAGE (V) 


LTC1255*TA06 


Turn-ONTime Turn-OFFTime Short-Circuit Turn-OFF Delay Time 



0 

5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 

0 

5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 

0 

5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


LTC1255 • TA07 


LTC125WA08 


LTC1255 *TA09 


Standby Supply Current 



TEMPERATURE (°C) 


LTC1255*TA10 



Input ON Threshold 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 


LTC1255*TAt2 
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Input Pin 

The LTC1255 input pin is active high and activates all of 
the protection and charge pump circuitry when switched 
ON. The LTC1255 logic and shutdown inputs are high 
impedance CMOS gates with ESD protection diodes to 
ground and supply and therefore should not be forced 
beyond the power supply rails. The input pin should be 
held low during the application of power to properly set 
the input latch. 

Gate Drive Pin 

The gate drive pin is either driven to ground when the 
switch is turned OFF or driven above the supply rail 
when the switch is turned ON. This pin is of relatively 
high impedance when driven above the rail (the equiva- 
lent of a few hundred kQ). Care should be taken to 
minimize any loading of this pin by parasitic resistance 
to ground or supply. 

Supply Pin 

The supply pin of the LTC1255 serves two vital pur- 
poses. The first is obvious; it powers the input, gate 
drive, regulation and protection circuitry. The second 
purpose is less obvious; it provides a Kelvin connection 
to the top of the drain sense resistor for the internal 
lOOmV reference. 

The supply pin of the L TCI 255 should never be forced 
below ground as this may result in permanent damage to 
the device. A 1 00Q resistor should be inserted in series 
with the ground pin if negative supply voltage transients 
are anticipated. 


The LTC1 255 is designed to be continuously powered so 
that the gate of the MOSFET is actively driven at all times. 
If it is necessary to remove powerfrom the supply pin and 
then reapply it, the input pin should be cycled (low to high) 
afew milliseconds after the power is reapplied to resetthe 
input latch and protection circuitry. Also, the input pin 
should be isolated from the controlling logic by a 10k 
resistor if there isa possibility thatthe input pin will be held 
high after the supply has been removed. 

Drain Sense Pin 

The drain sense pin is compared against the supply pin 
voltage. If the voltage at this pin is more than lOOmV 
below the supply pin, the input latch will be reset and 
the MOSFET gate will be quickly discharged. Cycle the 
inputto resetthe short-circuit latch and turn the MOSFET 
back on. 

This pin is also a high impedance CMOS gate with ESD 
protection and therefore should not be forced outside of 
the power supply rails. To defeat the overcurrent protec- 
tion, short the drain sense pin to the supply pin. 

Some loads, such as large supply capacitors, lamps or 
motors require high in-rush currents. An RC time delay 
can be added between the sense resistor and the drain 
sense pin to ensure thatthe drain sense circuitry does not 
false trigger during startup. This time constant can be set 
from a few microseconds to many seconds. However, 
very long delays may put the MOSFET at risk of being 
destroyed by a short-circuit condition (see Applications 
Information section). 


OPCRflTIOn 

The LTC1255 is a dual 24V MOSFET driver with built-in 
protection and gate charge pump. The LTC1255 consists 
of the following functional blocks: 

TTL and CMOS Compatible inputs and Latches 

The LTC1 255 inputs have been designed to accommo- 
date a wide range of logic families. Both input thresh- 


olds are set at about 1 .3V with approximately 1 0OmV of 
hysteresis. A low standby current regulator provides 
continuous bias for the TTL-to-CMOS converter. 

The input/protection latch should be set after initial 
power-up, or after reapplication of power, by cycling 
the input low to high. 


l rmm 
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Internal Voltage Regulation 

The output of the TTL-to-CMOS converter drives two 
regulated supplies which power the low voltage CMOS 
logicand analog blocks. The regulator outputs are isolated 
from each other so that the noise generated by the charge 
pump logic is not coupled into the 1 0OmV reference or the 
analog comparator. 

Gate Charge Pump 

Gate drive for the power MOSFET is produced by an 
adaptive charge pump circuit which generates a gate 
voltage substantially higher than the power supply volt- 
age. The charge pump capacitors are included on-chip and 
therefore no external components are required to generate 
the gate drive. The charge pump is designed to drive a 1 2 V 
Zener diode clamp connected across the gate and source 
of the MOSFET switch. 


Drain Current Sense 

The LTC1255 is configured to sense the current flowing 
into the drain of the power MOSFET in a high-side applica- 
tion. An internal 1 0OmV reference is compared to the drop 
across a sense resistor (typically 0.002Q to 0.1 OQ) in 
series with the drain lead. If the drop across this resistor 
exceeds the internal lOOmV threshold, the input latch is 
reset and the gate is quickly discharged via a relatively 
large N-channel transistor. 

Controlled Gate Rise and Fall Times 

When the input is switched ON and OFF, the gate is 
charged by the internal charge pump and discharged in a 
controlled manner. The charge and discharge rates have 
been set to minimize RFI and EMI emissions in normal 
operation. If a short circuit or current overload condition 
is encountered, the gate is discharged very quickly (typi- 
cally a few microseconds) by a large N-channel transistor. 


BLOCK DIRGRRfY) (One Channel) 



GND 
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MOSFET AND LOAD PROTECTION 

The LTC1255 protects the power MOSFET switch by 
removing drive from the gate as soon as an overcurrent 
condition is detected. Resistive and inductive loads can be 
protected with no external time delay in series with the 
drain sense pin. Lamp loads, however, require that the 
overcurrent protection be delayed long enough to start the 
lamp butshort enough toensure the safety of the MOSFET. 

Resistive Loads 

Loads that are primarily resistive should be protected with 
as short a delay as possible to minimize the amount of time 
that the MOSFET is subjected to an overload condition. 
The drain sense circuitry has a built-in delay of approxi- 
mately 1 0ps to eliminate false triggering by power supply 
or load transient conditions. This delay is sufficient to 
“mask” short load current transients and the starting of a 
small capacitor (<1pF) in parallel with the load. The drain 
sense pin can therefore be connected directly to the drain 
current sense resistor as shown in Figure 1 . 


Large inductive loads (>0.1mH) may require diodes con- 
nected directly across the inductor to safely divert the 
stored energy to ground. Many inductive loads have these 
diodes included. If not, a diode of the proper current rating 
should be connected across the load, as shown in 
Figure 2, to safely divert the stored energy. 


12V 



Figure 2. Protecting Inductive Loads 



Figure 1. Protecting Resistive Loads 


Inductive Loads 

Loads that are primarily inductive, such as relays, sole- 
noids and stepper motor windings, should be protected 
with as short a delay as possible to minimize the amount 
of time that the MOSFET is subjected to an overload 
condition. The built-in 10ps delay will ensure that the 
overcurrent protection is not false triggered by asupply or 
load transient. No external delay components are required 
as shown in Figure 2. 


Capacitive Loads 

Large capacitive loads, such as complex electrical sys- 
tems with large bypass capacitors, should be powered 
using the circuit shown in Figure 3. The gate drive to the 
power MOSFET is passed through an RC delay network, 
R1 and Cl , which greatly reduces the turn-on ramp rate of 
the switch. And since the MOSFET source voltage follows 
the gate voltage, the load is powered smoothly and slowly 
from ground. This dramatically reduces the startup cur- 
rent flowing into the supply capacitor(s) which, in turn, 
reduces supply transientsand allows for slower activation 



Figure 3. Powering Large Capacitive Loads 
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of sensitive electrical loads. (Resistor R2, and the diode 
D1, provide a direct path for the LTC1255 protection 
circuitry to quickly discharge the gate in the event of an 
overcurrent condition.) 

The RC network, Rdelay and Cdelay. in series with the 
drain sense input should be set to trip based on the 
expected characteristics of the load after startup, i.e., with 
this circuit, it is possible to power a large capacitive load 
and still react quickly to an overcurrent condition. The 
ramp rate at the output of the switch as it lifts off ground 
is approximately: 

dV/dt = (Vqate - V TH )/(R1 x Cl ) 

Therefore, the current flowing into the capacitor during 
startup is approximately: 

IsTARTUP = C'LOAD x dV/dt 

Using the values shown in Figure 3, the startup current is 
less than 100mA and does notfalsetriggerthe drain sense 
circuitry which is set at 2.7A with alms delay. 

Lamp Loads 

The in-rush current created by a lamp during turn-on can 
be 1 0 to 20 times greater than the rated operating current. 
The circuit shown in Figure 4 shifts the current limit 
threshold up by a factor of 1 1 :1 (to 30A) for a short period 
of time while the bulb is turned on. The current limit then 
drops down to 2.7Aafterthe in-rush current has subsided. 



Figure 4. Lamp Driver With Delayed Protection 


Selecting Rdelay and Cdelay 

Figure 5 is a graph of normalized overcurrent shutdown 
time versus normalized MOSFET current. This graph is 
used to select the two delay components, Rdelay and 
Cdelay. which make up a simple RC delay between the 
drain sense input and the drain sense resistor. 

The Y axis of the graph is normalized to one RC time 
constant. The X axis is normalized to the set current. (The 
set current is defined as the current required to develop 
lOOmV across the drain sense resistor.) 

Note that the shutdown time is shorter for increasing 
levels of MOSFET current. This ensures that the total 
energy dissipated by the MOSFET is always within the 
bounds established by the manufacturerfor safe opera- 
tion. (See MOSFET data sheet for further S.O.A. 
information.) 



0.1 1 10 100 
NORMALIZED MOSFET CURRENT (1 = SET CURRENT) 

LTC1255 • F05 

Figure 5. Normalized Delay Time vs MOSFET Current 
Using a Speed-Up Diode 

Another way to reduce the amount of time that the power 
MOSFET is in a short-circuit condition is to “bypass” the 
delay resistor with a small signal diode as shown in 
Figure 6. The diode will engage when the drop across the 
d rain sense resistor exceeds about 0.7V, providing a direct 
path to the sense pin and dramatically reducing the amount 
of time the MOSFET is in an overload condition. The drain 
sense resistor value is selected to limit the maximum DC 
current to 4A. 
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Figure 6. Using a Speed-Up Diode 

Current Limited Power Supplies 

The LTC1 255 requires at least 3.5V at the supply pin to 
ensure proper operation. It is therefore necessary that 
the supply to the LTC1 255 be held higher than 3.5 V at 
all times, even when the output of the switch is short 
circuited to ground. The output voltage of a current 
limited regulator may drop very quickly during short 
circuit and pull the supply pin of the LTC1255 below 
3.5V before the shutdown circuitry has had time to 
respond and remove drive from the gate of the power 
MOSFET. A supply filter should be added as shown in 
Figure 7 which holds the supply pin of the LTC1255 
high long enough for the overcurrent shutdown cir- 
cuitry to respond and fully discharge the gate. 

Linear regulators with small output capacitors are the 
most difficult to protect as they can “switch” from a 
voltage mode to a current limited mode very quickly. 



Figure 7. Supply Filter for Current Limited Supplies 


The large output capacitors on many switching regula- 
tors, on the other hand, may be able to hold the supply 
pin of the LTC1 255 above 3.5 V sufficiently long thatthis 
extra filtering is not required. 

Because the LTC1 255 is micropower in both the standby 
and ON state, the voltage drop across the supply filter 
is very small (typically <6mV) and does not signifi- 
cantly alter the accuracy of the drain sense threshold 
voltage which is typically lOOmV. 


AUTOMOTIVE APPLICATIONS 


Reverse Battery Protection 

The LTC1255 can be protected against reverse battery 
conditions by connecting a resistor in series with the 
ground lead as shown in Figure 8. The resistor limits the 
supply current to less than 1 20mA with - 1 2 V applied. 
Since the LTC1255 draws very little current while in 
normal operation, the drop across the ground resistor 
is minimal. The 5V ^iP (or controlling logic) is protected 
by the 10k resistors in series with the input. 




Figure 8. Reverse Battery Protection 


Transient Overvoltage Protection 

Acommon scheme used to limit overvoltage transients 
on a 14V nominal automotive power bus is to clamp the 
supply to the module containing the high-side MOSFET 
switches with a large transient suppressor diode, D1 in 
Figure 9. This diode limits the supply voltage to 40V 
under worse case conditions. The LTC1 255 is designed 
to survive short (10ms) 40V transients and return to 
normal operation after the transient has passed. 
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The switches can either be turned OFF by the controlling 
logic during these transients or latched OFF above 30V by 
holding the drain sense pin low as shown in Figure 9. 

Switch status can be ascertained by means of an XNOR 
gate connected to the input and switch output through 
100k current limiting resistors (see Typical Applications 
section for more detail on this scheme). The switch is reset 
after the overvoltage event by cycling the input low and 
then high again. 

The power MOSFET switch should be selected to have a 
breakdown voltage sufficiently higher than the 40V supply 
clamp voltage to ensure that no current is conducted to the 
load during the transient. 



‘OPTIONAL OVERVOLTAGE (30V) LATCH-OFF COMPONENTS 


Figure 9. Overvoltage Transient Protection 


TYPicm flppucflTions 


Dual Automotive High-Side Switch with Overvoltage Protection, 
XNOR Status and 12juA Standby Current 



TRUTH TABLE 


IN 

OUT 

CONDITION 

FAULT 

0 

0 

SWITCH OFF 

1 

1 

0 

OVERCURRENT 

0 

0 

1 

OPEN LOAD** 

0 

~~P 

1 

SWITCH ON 

1 


‘LIMITS V s TRANSIENTS TO <40V. SEE MANUFACTURER DATA SHEET FOR 
FURTHER DETAIL. 

“OPTIONAL OPEN LOAD DETECTION REQUIRES 10k PULL-UP RESISTORS. 
(ULTRA LOW STANDBY QUIESCENT CURRENT IS SACRIFICED) 
t POWER FROM 5 V LOGIC SUPPLY. 
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TYPICAL APPUCATIOnS 


10 to 12 Cell Battery Switch and 5V Ramped Load Switch with 
12|nA Standby Current and Optional 3A Overcurrent Shutdown 


18V TO 30V 1N5400 



f SEE LTC1149 DATA SHEET FOR CIRCUIT DETAILS 



Automotive Motor Direction and Speed Control with 
Stall-Current Shutdown 
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TYPICAL APPLICATION 


Low Frequency (f 0 = 100Hz) PWM Motor Speed Control with 
Current Limit and 22V Overvoltage Shutdown 



Dual Automotive Lamp Dimmer with Controlled Rise and Fall Times 
and Short-Circuit Protection 
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Stepper Motor Driver with Overcurrent Protection 



XT 
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SECTION 4— POWER PRODUCTS 

SWITCHING REGULATORS 

LT1072, 1.25A High Efficiency Switching Regulator 4-232 

LT1074/LT1076, Step-Down Switching Regulator 4-243 

LT1082, 1A High Voltage, Efficiency Switching Voltage Regulator 4-257 

LT1103/LT1105, Offline Switching Regulator 4-267 

LT1107, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-294 

LT1108, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-306 

LT1109, Micropower Low Cost DC/DC Converter Adjustable and Fixed 5V, 12V 4-318 

LT1109A, Micropower DC/DC Converter Flash Memory VPP Generator Adjustable and Fixed 5V, 12V 4-325 

LT1111, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V 4-331 

L TCI 142/L TCI 142-ADJ, Dual High Efficiency Synchronous Step-Down Switching Regulators 4-346 

LTC1143, Dual High Efficiency Step-Down Switching Regulator Controller 4-365 

L TCI 147-3.3/L TC1 147-5, High Efficiency Step-Down Switching Regulator Controllers 4-380 

LTC1148/LTC11 48-3. 3/LTC11 48-5, High Efficiency Synchronous Step-Down Switching Regulators 4-395 

L TCI 149/L TCI 149-3.3/L TC1 149-5, High Efficiency Synchronous Step-Down Switching Regulators 4-414 

L TCI 159/L TCI 159-3.3/L TC1 159-5, High Efficiency Synchronous Step-Down Switching Regulators 13-11 

L T1170/L T1171/L T1172, 100kHz, 5A, 2.5A, and 1.25A High Efficiency Switching Regulators 4-433 

L TC1 1 74/L TC1 1 74-3. 3/L TC1 1 74-5, High Efficiency Step-Down and Inverting DC/DC Converter 4-447 

LT1176/LT1 176-5, Step-Down Switching Regulator 4-462 

LT1182/LT1183, CCFL/LCD Contrast Dual Switching Regulator... 13-27 

L T1268B/L T1268, 7.5A, 150kHz Switching Regulators 4-466 

LT1270A/LT1270, 8A and 10A High Efficiency Switching Regulators 4-470 

LT1271/LT1269, 4A High Efficiency Switching Regulators 4-474 

LT1300, Micropower High Efficiency 3.3/5V Step-Up DC/DC Converter 4-478 

LT1301, Micropower High Efficiency 5V12V Step-Up DC/DC Converter with Flash Memory 4-486 

L T1302/L T1 302-5, Micropower High Output Current Step-Up Adjustable and Fixed 5V DC/DC Converter 13-47 

LT1303/LT1 303-5, Micropower High Efficiency DC/DC Converter with Low-Battery Detector Adjustable and 

Fixed 5V 13-51 

LT1309, 500kHz Micropower DC/DC Converter for Flash Memory 13-55 

LT1372, 500kHz High Efficiency 1.5A Switching Regulator 13-120 

LT1376, 1.5A, 500kHz Step-Down Switching Regulator 13-121 
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F€ATUA€S 

■ Available in MiniDIP, TO-220, and TO-3 Packages 

■ Wide Input Voltage Range 3V-60V 

■ Low Quiescent Current-6mA 

■ Internal 1.25A Switch 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Operates in Nearly All Switching Topologies 

■ Shutdown Mode Draws Only 50/iA Supply Current 

■ Flyback-Regulated Mode has Fully Floating Outputs 

■ Can be Externally Synchronized 

APPLICATIOAS 

■ Logic Supply 5V @ 2.5A 

■ 5V Logic to ± 15V Op Amp Supply 
* Offline Converter up to 50W 

■ Battery Upconverter 

■ Power Inverter (+ to -)or(— to +) 

■ Fully Floating Multiple Outputs 

■ Driver for High Current Supplies 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional description of 
the LT1072. Application circuits are included to show the capability of the LT1072. A complete design 
manual (AN-19) should be obtained to assist in developing new designs. This manual contains a compre- 
hensive discussion of both the LT1070 and the external components used with it, as well as complete 
formulas for calculating the values of these components. The manual can also be used for the LT1072 by 
factoring in the lower switch current rating. 


1.25A High Efficiency 
Switching Regulator 

DCSCAIPTIOA 

The LT1072 is a monolithic high power switching 
regulator. It can be operated in all standard switching 
configurations including buck, boost, flyback, forward, in- 
verting and “Cuk”. A high current, high efficiency switch 
is included on the die along with all oscillator, control, and 
protection circuitry. Integration of all functions allows the 
LT1072 to be built in a standard 5-pin TO-3 or TO-220 power 
package as well as the 8-pin miniDIP. This makes it ex- 
tremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin linear regulators. 

The LT1072 operates with supply voltages from 3V 
to 60V, and draws only 6mA quiescent current. It can de- 
liver load power up to 20 watts with no external power de- 
vices. By utilizing current-mode switching techniques, it 
provides excellent AC and DC load and line regulation. 

The LT1072 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re- 
duces total supply current to 50/iA typical for standby 
operation. Totally isolated and regulated outputs can be 
generated by using the optional "flyback regulation 
mode” built into the LT1072, without the need for opto- 
couplers or extra transformer windings. 


TYPICAL APPUCATIOA 

Boost Converter (5V to 12V) 




0 10 20 30 40 50 

INPUT VOLTAGE (V) 


‘ROUGH GUIDE ONLY. BUCK MODE P out = 1AxV 0 ut- 

MINIDIP OUTPUT POWER MAY BE LIMITED BY PACKAGE TEMPERATURE RISE AT HIGH INPUT 
VOLTAGES OR HIGH DUTY CYCLES. 
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M3soiuT€ mnximum nnTinGs prckagc/ordcr inFonmnnon 


Supply Voltage 

LT1072HV (See Note 1) 60V 

LT1072 (See Note 1) 40V 

Switch Output Voltage 

LT1072HV 75 V 

LT1072 65V 

LT1072S8 60V 

Feedback Pin Voltage (Transient, 1ms) ±15V 

Operating Junction Temperature Range 

LT1072HVM, LT1072M -55°C to +150°C 

LT1072HVC, LT1072C (Oper.)* 0°C to +100°C 

LT1072HVC, LT1072C (Sh. Ckt.)* 0°C to +125°C 

Storage Temperature Range - 65°C to +150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

•Includes LT1072S8 

Note 1 : Minimum switch “on” time for the LT 1 072 in current limit is 


=0.7|isec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to =40V. Normal 
(unshorted) conditions are not affected. If the LT1072 is being operated in 
the buck or inverting mode at high input voltages and short circuit 
conditions are expected, a resistor must be placed in series with the 

inductor, as follows: / VjcV i, t 

t f V| -V f 

The value of the resistor is given by: R = ~ yv / — R l 

l(LIMIT) 

t = Minimum “on” time of LT1072 in current limit, =0.7jis 
f = Operating frequency (40kHz) 

Vf = Forward voltage of external catch diode at I(limit) 

I (limit) = Current limit of LT1072 (2A) 

Rl = Internal series resistance of inductor 


BOTTOM VIEW 



LT1072MK, LT1072HVMK: Tjmax = 150°C, 0j C = 8°C/W, 0j A = 35°C/W 
LT1072CK, LT1072HVCK: Tjmax = 100°C*, 9jc = 8°C/W, 0 JA = 35°C/W 


FRONT VIEW 



T PACKAGE 
5-LEAD TO-220 


ORDER PART 
NUMBER 
LT1072HVMK 
LT1072MK 
LT1072HVCK 
LT1072CK 


LT1072HVCT 

LT1072CT 


Tjmax- ioo°c/w,8j C .8°c/w,8ja.50-cm 


gnd|T 


8]E2 

GND [T 


1] E2 

VcE 


l]vsw 

VcU 


3 V SW 

fb[T 


|]ei 

FB |T 


J] El 

nc[T 


HV| N 

NC [T 


3 V| N 


Tjmax = 1 50°c, 8 ja = 1 oo°c/w (J) 
TjMAx-mn*c:ejA=i30“CA»(>i) 


S8 PACKAGE 

8-LEAD PLASTIC SOIC .-I®,..®, 

Tjmax = ioo°c. gja - i 30 °c/w 


LT1072MJ8 

LT1072CJ8 

LT1072CN8 

LT1072CS8 



LT1072CS 


TjMAx=io(w;:ej,.i50"C/w 


All Thermal Information is based on continuous operation. 
*Tj M ax = 125°C for intermittent fault conditions. 

Consult factory for Industrial grade parts. 



€l€CTMCM. CHIMflCTCRISTICS Unless otherwise specified, V jN = 15V, Vq = 0.5V, Vpe = Vref, output pin open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 


1.224 

1.244 

1.264 

V 



V c = 0.8V 

• 

1.214 

1.244 

1.274 

V 

Ib 

Feedback Input Current 

Vfb = Vref 



350 

750 

nA 




• 



1100 

nA 

gm 

Error Amplifier 

Ale = ±25jiA 


3000 

4400 

6000 

jiimho 


Transconductance 


• 

2400 


7000 

(imho 


Error Amplifier Source or 

V C -1.5V 


150 

200 

350 

ma 


Sink Current 


• 

120 


400 

pA 


Error Amplifier Clamp 

Hi Clamp, V FB = 1V 


1.8 


2.3 

V 


Voltage 

Lo Clamp, V FB = 1.5V 


0.25 

0.38 

0.52 

V 


Reference Voltage Line 

3 V < % < Vmax 

• 



0.03 

%N 


Regulation 

V c = 0.8V 





%/V 

Av 

Error Amplifier Voltage Gain 

0.9V <V C < 1.4V 


500 

800 


v/v 


Minimum Input Voltage 


• 


2.6 

3.0 

V 

Iq 

Supply Current 

3V < Vim < Vmax. Vc = 0.6V 



6 

9 

mA 


Control Pin Threshold 

Duty Cycle = 0 


0.8 

0.9 

1.08 

V 




• 

0.6 


1.25 

V 
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ELECTRICAL CHARACTERISTICS Unless otherwise specified, Vin = 15V, Vc = 0.5V, Vfb = V RE f, output pin open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Normal/Flyback Threshold 
on Feedback Pin 



0.4 

0.45 

0.54 

V 

Vfb 

Flyback Reference Voltage 

Ifb = 50}j.A 



15 

16.3 

17.6 

V 





• 

14 


18 

V 


Change in Flyback Reference 

Voltage 

0.05 <Ifb< 1mA 

! 


4.5 

6.8 

8.5 

V 


Flyback Reference Voltage 

Ifb = 50|iA 




0.01 

0.03 

%/v 


Line Regulation 

3V<V| N <V MA x(Note3) 






%/v 


Flyback Amplifier 

Transconductance (gm) 

Ale = ±10|iA 


150 

300 

500 

limho 


Flyback Amplifier Source 

Vc = 0.6V Source 


• 

15 

32 

70 

MA 


and Sink Current 

Ifb = 50]iA Sink 


• 

25 

40 

70 

ra 

BV 

Output Switch Breakdown 

3V < Vin < V M ax 

LT1072 

• 

65 

90 


V 


Voltage 

Isw = 1.5mA 

LT1072HV 

• 

75 

90 


V 




LT1072S8 

• 

60 

80 


V 

VSAT 

Output Switch 

ON Resistance (Note 1) 

Isw = 1 A 

• 


0.6 

1 

Q 


Control Voltage to Switch 

Current Transconductance 



2 

A/V 

'UM 

Switch Current Limit 

Duty Cycle < 50% 

Tj> 25°C 

• 

1.25 


3 

A 



Duty Cycle < 50% 

Tj < 25°C 

• 

1.25 


3.5 

A 



Duty Cycle = 80% (Note 2) 


• 

1 


2.5 

A 

AIin 

Supply Current Increase 





25 

35 

mA/A 

Alsw 

During Switch ON Time 








f 

Switching Frequency 




35 

40 

45 

kHz 





• 

33 


47 

kHz 

DC (max) 

Maximum Switch Duty Cycle 



90 

92 

97 

% 


Flyback Sense Delay Time 



1.5 

|IS 


Shutdown Mode 

3V < % < Vmax 




100 

250 

MA 


Supply Current 

V c = 0.05V 







Shutdown Mode 

3V < V,n < Vmax 


100 

150 

250 

mV 


Threshold Voltage 

• 

50 


300 

mV 


The • denotes the specifications which apply over the full operating Note 2: For duty cycles (DC) between 50% and 80%, minimum 

temperature range. guaranteed switch current is given by Ilim = 0-833 (2 - DC). 

Note 1 : Measured with Vc in hi clamp, Vfb = 0.8V. Note 3: Vmax = 55V for HV grade to avoid switch breakdown. 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Switch Current Limit vs Duty Cycle 



0 10 20 30 40 50 60 70 80 90 100 

DUTY CYCLE (%) 1 


Maximum Duty Cycle 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Flyback Blanking Time 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 
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typical P€fif onmnncc charactcristics 


Isolated Mode Flyback Reference 

Minimum input Voltage Switch Saturation Voltage Voltage 




0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 

SWITCH CURRENT (A) 


23 
22 

_ 21 
> 

3 20 

| 19 

o 

m 18 
17 
16 
15 

-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 



Line Regulation 


Reference Voltage and Switching 
Frequency vs Temperature 


Feedback Bias Current vs 
Temperature 



0 10 20 30 40 50 60 


INPUT VOLTAGE (V) 



TEMPERATURE (°C) 



-75-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 



Driver Current* vs Switch Current 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

SWITCH CURRENT (A) 


Supply Current vs Input Voltage* 


Tj = 25°C 





NOTE THAT TH 
-INCLUDE DRIV 
A FUNCTION 0 

IS CURR 
ERCURR 
FLOAD 

ENT DOE 
ENT, WH 
:URREN 

SNOT 
ICH IS- 
rAND 


DUTY 

:ycle. 


90 

% DUTY 

CYCLE_ 







t: 




50 

— 1 

o l nim/ 

rvri c 




1 





10% DUTY CYCLE 


~ 






— 



0% DUTY 

1 

CYCLE 




0 10 20 30 40 50 60 

INPUT VOLTAGE (V) 


‘AVERAGE LT 1 072 POWER SUPPLY CURRENT IS FOUND BY 
MULTIPLYING DRIVER CURRENT BY DUTY CYCLE, THEN 
ADDING QUIESCENT CURRENT. 


‘UNDER VERY LOW OUTPUT CURRENT 
CONDITIONS, DUTY CYCLE FOR MOST 
CIRCUITS WILL APPROACH 10% OR LESS. 


Supply Current vs Supply Voltage 
(Shutdown Mode) 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 


rruim. 

TECHNOLOGY 


4-235 












TRANSCONDUCTANCE (^mho) _ V c PIN VOLTAGE (mV) FEEDBACK PIN VOLTAGE (mV) 


LT 1072 


TYPICAL P€RFORmnnC€ CHRRRCT6RISTICS 


Normal/Flyback Mode Threshold 
on Feedback Pin 


Shutdown Mode Supply Current 


Error Amplifier Transconductance 




-50 -25 0 25 50 75 100 125 150 0 10 20 30 40 50 60 70 80 90 100 

TEMPERATURE (°C) V c PIN VOLTAGE (mV) 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Shutdown Thresholds 


Idle Supply Current vs 

Temperature Feedback Pin Clamp Voltage 
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FEEDBACK CURRENT (mA) 


Transconductance of Error 
Amplifier 


Vc Pin Characteristics 
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LT1072 OP€RRTIOfl 

The LT1072 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block dia- 
gram, the switch is turned “on” at the start of each oscilla- 
tor cycle. It is turned “off” when switch current reaches a 
predetermined level. Control of output voltage is obtained 
by using the output of a voltage sensing error amplifier to 
set current trip level. This technique has several advan- 
tages. First, it has immediate response to input voltage 
variations, unlike ordinary switchers which have notori- 
ously poor line transient response. Second, it r educes the 
90° phase shift at midfrequencies in the energ, storage in- 
ductor. This greatly simplifies closed loop frequency com- 
pensation under widely varying input voltage or output 
load conditions. Finally, it allows simple pulse-by-pulse 
current limiting to provide maximum switch protection 
under output overload or short conditions. A low-dropout 
internal regulator provides a 2.3V supply for all internal cir- 


cuitry on the LT1072. This low-dropout design allows input 
voltage to vary from 3 V to 60V with virtually no change in 
device performance. A 40kHz oscillator is the basic clock 
for all internal timing. It turns “on” the output switch via 
the logic and driver circuitry. Special adaptive antisat cir- 
cuitry detects onset of saturation in the power switch and 
adjusts driver current instantaneously to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn-off of the switch. 

A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1072 to disconnect the main error amplifier output and con- 
nects the output of the flyback amplifierto the comparator in- 
put. The LT1072 will then regulate the value of the flyback 
pulse with respect to the supply voltage. This flyback pulse is 
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LT1072 OPCIMTIOn 

directly proportional to output voltage in the traditional trans- 
former coupled flyback topology regulator. By regulating the 
amplitude of the flyback pulse, the output voltage can be 
regulated with no direct connection between input and out- 
put. The output is fully floating up to the breakdown voltage 
of the transformer windings. Multiple floating outputs are 
easily obtained with additional windings. A special delay net- 
work inside the LT1072 ignores the leakage inductance spike 
at the leading edge of the flyback pulse to improve output 
regulation. 

The error signal developed at the comparator input is brought 
out externally. This pin (V c) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9 V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1072 in an idle mode. Pulling 
the Vq pin below 0.15V causes total regulator shutdown, with 
only 50/iA supply current for shutdown circuitry biasing. See 
AN-19 for full application details. 

Extra Pins on the MiniDIP and Surface Mount Packages 

The 8 and 1 6-pin versions of the LT 1 072 have the emitters 
of the power transistor brought out separately from the 
ground pin. This eliminates errors due to ground pin 
voltage drops and allows the userto reduce switch current 
limit 2:1 by leaving the second emitter (E2) disconnected. 
The first emitter (El) should always be connected to the 
ground pin. Note that switch “on” resistance doubles 
when E2 is left open, so efficiency will suffer somewhat 
when switch currents exceed 1 00mA. Also, note that chip 
dissipation will actually increase with E2 open during 
normal load operation, even though dissipation in current 
limit mode will decrease. See “Thermal Considerations.” 

Thermal Considerations When Using Small Packages 

The low supply current and high switch efficiency of the 
LT1072 allow it to be used without a heat sink in most ap- 
plications when the TO-220 or TO-3 package is selected. 


These packages are rated at 50°C/W and 35°C/W 
respectively. The small packages, however, are rated at 
greater than 100°C/W. Care should be taken with these 
packages to ensure that the worse case input voltage and 
load current conditions do not cause excessive die 
temperatures. The following formulas can be used as a 
rough guide to calculate LT1072 power dissipation. For 
more details, the reader is referred to Application Note 1 9 
(AN 19), “Efficiency Calculations” section. 

Average supply current (including driver current) is: 

I IN = 6m A + l S w(0.004 + DC/40) 

lsw= switch current 
DC = switch duty cycle 

Switch power dissipation is given by: 

Psw = (Isw) 2 • Rsw • DC 

Rsw= LT1072 switch “on” resistance (1ft maximum) 

Total power dissipation is the sum of supply current times 
input voltage plus switch power: 

Ptot = (I|N)(V|N) + P sw 

In a typical example, using a boost convertor to generate 
+ 12V@0.12A from a +5V input, duty cycle is approxi- 
mately 60%, and switch current is about 0.65A, yielding: 

IlN = 6mA + 0.65(0.004 + DC/40) = 18mA 

Psw = (0.65) 2 • IQ • (0.6) = 0.25W 

Ptot = (5V)(0.018A)+ 0.25 =0.34W 

Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum ambi- 
ent temperature would be limited to 100°C (commercial 
temperature limit) minus 44°C, or 56°C. 

In most applications, full load current is used to calculate 
die temperature. However, if overload conditions must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1072 will 
protect the die in most applications by shutting off switch 
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current. Thermal limit is not a tested parameter, however, 
and should be considered only for non-critical applica- 
tions with temporary overloads. A second approach is to 
use the larger TO-220 (T) or TO-3 (K) package which, even 
without a heat sink, may limit die temperatures to safe lev- 
els under overload conditions. In critical situations, heat 
sinking of these packages is required; especially if over- 
load conditions must be tolerated for extended periods of 
time. 

The third approach for lower current applications is to 
leave the second switch emitter open. This increases 
switch “on” resistance by 2:1 , but reduces switch current 
limit by 2:1 also, resulting in a net 2:1 reduction in l 2 R 
switch dissipation under current limit conditions. 

The fourth approach is to clamp the Vc pin to a voltage less 
than its internal clamp level of 2 V. The LT1072 switch 
current limit is zero at approximately 1 V on the Vc pin and 
2A at 2 V on the Vc pin. Peak switch current can be 
externally clamped between these two levels with a diode. 
See AN-1 9 for details. 

LT1072 Synchronizing 

The LT1072 can be externally synchronized in the fre- 
quency range of 48kHz to 70kHz. This is accomplished as 
shown in the accompanying figures. Synchronizing occurs 


when the Vc pin is pulled to ground with an external tran- 
sistor. To avoid disturbing the DC characteristics of the in- 
ternal error amplifier, the width of the synchronizing pulse 
should be under Vs. C2 sets the pulse width at =0.35(is. 
The effect of a synchronizing pulse on the LT1072 ampli- 
fier offset can be calculated from: 

lc 

Y=26mV@25°C 

ts= pulse width 

fs = pulse frequency 

lc = LT1072 Vc source current (=2(%A) 

Vc = LT1072 operating Vc voltage (1 V-2 V) 

R3 = resistor used to set mid-frequency “zero” in LT1072 
frequency compensation network. 

With t s = 0.35fiS, f s = 50kHz, V C =1.5V, and R3=2Kfl, off- 
set voltage shift is »2.2mV. This is not particularly bother- 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Vc pin to within 200mV of ground 
to ensure synchronizing. 



Synchronizing with Bipolar Transistor 
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F6RTURCS 

■ 5A On-Board Switch (LT1074) 

■ 100kHz Switching Frequency 

■ Greatly Improved Dynamic Behavior 

■ Available in Low Cost 5 and 7-Lead Packages 

■ Only 8.5mA Quiescent Current 

■ Programmable Current Limit 

■ Operates Up to 60V Input 

■ Micropower Shutdown Mode 

APPUCATIORS 

■ Buck Converter with Output Voltage Range of 2.5 V 
to 50V 

■ Tapped-lnductor Buck Converter with 10A Output 
at5V 

■ Positive-to-Negative Converter 

■ Negative Boost Converter 

■ Multiple Output Buck Converter 

DCSCRIPTIOA 

The LT1074 is a 5A (LT1076 is rated at 2A) monolithic 
bipolar switching regulator which requires only a few 
external parts for normal operation. The power switch, all 
oscillator and control circuitry, and all current limit com- 
ponents, are included on the chip. The topology is a classic 
positive “buck” configuration but several design innova- 


tions allow this device to be used as a positive-to-negative 
converter, a negative boost converter, and as a flyback 
converter. The switch output is specified to swing 40V 
below ground, allowing the LT1074 to drive a tapped- 
inductor in the buck mode with output currents up to 1 0A. 

The LT1074 uses a true analog multiplier in the feedback 
loop. This makes the device respond nearly instanta- 
neously to input voltage fluctuations and makes loop gain 
independent of input voltage. As a result, dynamic behav- 
ior of the regulator is significantly improved over previous 
designs. 

On-chip pulse by pulse current limiting makes the LT1074 
nearly bust-proof for output overloads or shorts. The input 
voltage range as a buck converter is 8V to 60V, but a self- 
boot feature allows input voltages as low as 5V in the 
inverting and boost configurations. 

The LT1074 is available in low cost TO-220 or TO-3 
packages with frequency pre-set at 100kHz and current 
limit at 6.5A (LT1076 = 2.6A). A 7-pin TO-220 package is 
also available which allows current limit to be adjusted 
down to zero. In addition, full micropower shutdown can 
be programmed. See Application Note 44 for design 
details. 

A fixed 5 V output, 2A version is also available. See LT 1 076-5. 



TYPICAL APPUCATIOR 

Basic Positive Buck Converter 



*USE MBR340 FORLT1076 
**COILTRONICS #50-2-52 (LT1074) 
#100-1-52 (LT1076) 
PULSE ENGINEERING, INC. 

#PE-92114 (LT1074) 
#PE-92102 (LT1076) 
HURRICANE #HL-AK147QQ (LT1074) 
#HL-AG210LL (LT1076) 
t RIPPLE CURRENT RATING > l 0UT / 2 


Buck Converter Efficiency 
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rbsolutc mnximum rrtirgs 


Input Voltage 

LT1074/ LT1076 45V 

LT1074HV/76HV 64V 

Switch Voltage with Respect to Input Voltage 

LT1 074/76 64V 

LT1 074HV/76HV 75 V 

Switch Voltage with Respect to Ground Pin (Vsw Negative) 

LT1 074/76 (Note 6) 35V 

LT1074HW76HV (Note 6) 45V 

Feedback Pin Voltage -2 V, +10V 

Shutdown Pin Voltage (Not to Exceed V^) 40V 


Ilim Pin Voltage (Forced) 5.5V 

Maximum Operating Ambient Temperature Range 

LT1 074C/76C, LT1 074HVC/76HVC 0°C to 70°C 

LT1 0741/761 , LT1 074HVI/76HVI -40°C to 85°C 

LT1074M/76M, LT 1 074HVM/76HVM .... -55°C to 1 25°C 
Maximum Operating Junction Temperature Range 

LT1 074C/76C, LT1 074HVC/76HVC 0°C to 1 25°C 

LT1 0741/761, LT1 074HVI/76HVI -40°C to 1 25°C 

LT 1 074M/76M, LT 1 074HVM/76HVM ,...-55°Cto 150°C 

Maximum Storage Temperature -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmRHOn 


FRONT VIEW 


O 


5 ===□ Vin 

4 - 1 V S w 

3 Z =: I GND 

2 Z=Z V c 
i z ; i fb/sense 


order part 
number 


LT1076CQ 


Q PACKAGE 
5-LEAD PLASTIC DD 
LT1076: 9 JC = 4°C/W, 0 JA = 30°C/W* 


FRONT VIEW 


r 

7 

ZZZZ1 SHDN 


6 

"~'^1 \/q 


^ 5 

■" ~ 1 FB/SENSE 


O 4 

ZZIZZGND 


3 

i Ilim 


2 

- 1 Vsw 

L 

1 

=IV| N 


R PACKAGE 
7-LEAD PLASTIC DD 


LT1076CR 

LT1076HVCR 


LT1076: 0 JC = 4°C/W, 0 JA = 30°C/W* 


FRONT VIEW 



Y PACKAGE, 7-LEAD TO-220 
LT1074: 0 JC = 2.5°C/W, 0 JA = 50°C/W 
LT1 076: 0 JC = 4°C/W, 0j A = 50°C/W 


LT1074CY 

LT1 074HVCY 

LT1074IY 

LT1074HVIY 

LT1076CY 

LT1076HVCY 


BOTTOM VIEW 


ORDER PART 
NUMBER 



K PACKAGE, 4-LEAD TO-3 METAL CAN 
LT1074: 0 JC = 2.5°C/W, 0 JA = 35°C/W 
LT1076: 0 JC = 4°C/W, 0 JA = 35°C/W 


LT1074CK 

LT1074HVCK 

LT1074MK 

LT1 074HVMK 

LT1076CK 

LT1076HVCK 

LT1076MK 

LT1076HVMK 


FRONT VIEW 



T PACKAGE, 5-LEAD T0-220 
LEADS ARE FORMED STANDARD FOR 
STRAIGHT LEADS, ORDER FLOW 06 
LT1074: 0j C = 2.5°C/W, 0 JA = 50°C/W 
LT1076: 0 JC = 4°C/W, 0 JA = 50°C/W 


LT1074CT 

LT1074HVCT 

LT1074IT 

LT1074HVIT 

LT1076CT 

LT1076HVCT 

LT1076IT 


* Assumes package is soldered to 0.5 IN 2 of 1 oz. copper over internal ground 
plane or over back side plane. 


CL6CTRICRL CHRRRCT€RISTICS Tj = 25°C, V| N = 25V, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Switch “On” Voltage (Note 1) 

LT1074 l SW =1A,Tj>0 o C 


1.85 

V 


lsw = 1 A, Tj < 0°C 


2.1 

V 


Isw = 5A, Tj > 0°C 


2.3 

V 


Isw = 5A, Tj < 0°C 


2.5 

V 


LT1076 l SW = 0.5A 

• 

1.2 

V 


lsw = 2A 

• 

1.7 

V 
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€l€CTRICRl CHRRRCTCRISTICS Tj = 25 C. V, N = 25V, unless otherwise noted. 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Switch “Off” Leakage 

LT1074 V| N <25V,V SW = 0 



5 

300 

pA 


Vin = Vmax, V S w = 0 (Note 7) 



10 

500 

pA 


LT1076 V|M =25V,V SW = 0 




150 

pA 


Vin = Vmax, V$w = 0 (Note 7) 




250 

pA 

Supply Current (Note 2) 

Vp B = 2.5V, Vin < 40V 

• 


8.5 

11 

mA 


40V < V| N < 60V 

• 


9 

12 

mA 


Vshut = 0.1V (Device Shutdown) (Note 8) 

• 


140 

300 

pA 

Minimum Supply Voltage 

Normal Mode 

• 


7.3 

8 

V 


Startup Mode (Note 3) 

• 


3.5 

4.8 

V 

Switch Current Limit (Note 4) 

LT1074 Ilim Open 

• 

5.5 

6.5 

8.5 

A 


Rum = 10k (Note 5) 



4.5 


A 


Rum = 7k (Note 5) 



3 


A 


LT1076 Ilim Open 

• 

2 

2.6 

3.2 

A 


Rum = 10k (Note 5) 



1.8 


A 


Rum = 7k (Note 5) 



1.2 


A 

Maximum Duty Cycle 


• 

85 

90 


% 

Switching Frequency 



90 

100 

110 

kHz 


Tj<125°C 

• 

85 


120 

kHz 


Tj > 125°C 

• 

85 


125 

kHz 


Vfb = 0V through 2kQ (Note 4) 



20 


kHz 

Switching Frequency Line Regulation 

8V<V,n< Vmax (Note 7) 

• 


0.03 

0.1 

%/V 

Error Amplifier Voltage Gain (Note 6) 

1V< V c <4V 


2000 

V/V 

Error Amplifier Transconductance 



3700 

5000 

8000 

pmho 

Error Amplifier Source and Sink Current 

Source (V F b = 2 V) 


100 

140 

225 

pA 


Sink (V FB = 2.5V) 


0.7 

1 

1.6 

mA 

Feedback Pin Bias Current 

VpB = VreF 

• 


0.5 

2 

pA 

Reference Voltage 

V C = 2V 

• 

2.155 

2.21 

2.265 

V 

Reference Voltage Tolerance 

V REF (Nominal) = 2.21V 



±0.5 

±1.5 

% 


All Conditions of Input Voltage, Output 

Voltage, Temperature and Load Current 

• 


±1 

±2.5 

% 

Reference Voltage Line Regulation 

8V < Vin < Vmax (Note 7) 

• 


0.005 

0.02 

%/V 

Vc Voltage at 0% Duty Cycle 




1.5 


V 


Over Temperature 

• 


-4 


mV/°C 

Multiplier Reference Voltage 



1 24 ~ ^ 

V 

Shutdown Pin Current 

V sh = 5V 

• 

5 

10 

20 

pA 


Vsh ^ Vjhreshold (=2.5V) 

• 



50 

pA 

Shutdown Thresholds 

Switch Duty Cycle = 0 

• 

2.2 

2.45 

2.7 

V 


Fully Shut Down 

• 

0.1 

0.3 

0.5 

V 

Thermal Resistance Junction to Case 

LT1074 




2.5 

°C/W 


LT1076 




4.0 

°C/W 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: To calculate maximum switch “on” voltage at currents between 
low and high conditions, a linear interpolation may be used. 

Note 2: A feedback pin voltage (Vfb) of 2.5 V forces the Vc pin to its low 
clamp level and the switch duty cycle to zero. This approximates the zero 
load condition where duty cycle approaches zero. 

Note 3: Total voltage from V ^ pin to ground pin must be > 8 V after 
startup for proper regulation. 


Note 4: Switch frequency is internally scaled down when the feedback pin 
voltage is less than 1.3V to avoid extremely short switch on times. During 
testing, Vfb is adjusted to give a minimum switch on time of Ips. 

Note 5: Ilim = (LT1074), l LlM * (LT1076). 

2k 5.5k 

Note 6: Switch to input voltage limitation must also be observed. 

Note 7: V MAX = 40V for the LT1 074/76 and 60V for the LT1 074HV/76HV. 
Note 8: Does not include switch leakage. 
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BLOCK DIBGRflm DCSCMPTIOIl 

A switch cycle in the LT1074 is initiated by the oscillator 
setting the R/S latch. The pulse that sets the latch also 
locks out the switch via gate 61 . The effective width of this 
pulse is approximately 700ns, which sets the maximum 
switch duty cycle to approximately 93% at 1 00kHz switch- 
ing frequency. The switch is turned off by comparator Cl , 
which resets the latch. Cl has a sawtooth waveform as one 
input and the output of an analog multiplier as the other 
input. The multiplier output is the product of an internal 
reference voltage, and the output of the error amplifier, A1, 
divided by the regulator input voltage. In standard buck 
regulators, this means that the output voltage of A1 
required to keep a constant regulated output is indepen- 
dent of regulator input voltage. This greatly improves line 
transient response, and makes loop gain independent of 
input voltage. The error amplifier is a transconductance 
type with a Gm at null of approximately 5000|imho. Slew 
current going positive is 140pA, while negative slew cur- 
rent is about 1.1mA. This asymmetry helps prevent 
overshoot on start-up. Overall loop frequency compensa- 
tion is accomplished with a series RC network from Vc to 
ground. 

Switch current is continuously monitored by C2, which 
resets the R/S latch to turn the switch off if an overcurrent 
condition occurs. The time required for detection and 
switch turn off is approximately 600ns. So minimum 
switch “on” time in current limit is 600ns. Under dead 
shorted output conditions, switch duty cycle may have to 
be as low as 2% to maintain control of output current. This 
would require switch on time of 200ns at 1 00kHz switch- 
ing frequency, so frequency is reduced at very low output 


voltages by feeding the FB signal into the oscillator and 
creating a linear frequency downshift when the FB signal 
drops below 1 .3 V. Current trip level is set by the voltage on 
the Ium pin which is driven by an internal 320piA current 
source. When this pin is left open, it self-clamps at about 
4.5V and sets current limit at 6.5AfortheLT1074and2.6A 
for the LT1076. In the 7-pin package an external resistor 
can be connected from the Ium pin to ground to set a lower 
current limit. A capacitor in parallel with this resistor will 
soft start the current limit. A slight offset in C2 guarantees 
that when the Ium pin is pulled to within 200mV of ground, 
C2 output will stay high and force switch duty cycle to zero. 

The “Shutdown” pin is used to force switch duty cycle to 
zero by pulling the Ium pin low, orto completely shut down 
the regulator. Threshold for the former is approximately 
2.35V, and for complete shutdown, approximately 0.3V. 
Total supply current in shutdown is about 150pA. AlOpA 
pull-up current forces the shutdown pin high when left 
open. A capacitor can be used to generate delayed start- 
up. A resistor divider will program “undervoltage lockout” 
if the divider voltage is set at 2.35V when the input is at the 
desired trip point. 

The switch used in the LT 1 074 is a Darlington NPN (single 
NPN for LT1076) driven by a saturated PNP. Special 
patented circuitry is used to drive the PNP on and off very 
quickly even from the saturation state. This particular 
switch arrangement has no “isolation tubs” connected to 
the switch output, which can therefore swing to 40V below 
ground. 
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V c Pin Characteristics Vc Pin Characteristics 




Feedback Pin Characteristics 
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Shutdown Pin Characteristics 
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VOLTAGE (V) 

LT1074-TPCO4 


VOLTAGE (V) 

LT1074 • TPC05 


VOLTAGE (V) 

LT1074*TPC06 


Supply Current 



INPUT VOLTAGE (V) 

LT1074 # TPC11 
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Supply Current (Shutdown) 



O 10 20 30 40 50 60 

INPUT VOLTAGE (V) 

LT1074 •TPC13 


Reference Voltage vs 
Temperature 
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JUNCTION TEMPERATURE (°C) 
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SWITCH CURRENT (A) 

LT 1 074 • TPC28 


Reference Shift with Ripple 
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PEAK-TO-PEAK RIPPLE AT FB PIN (mV) 

LT1074 •TPC16 


Error Amplifier Phase and Gm 
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Switching Frequency vs 
Temperature 
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Feedback Pin Frequency Shift 
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pm DcscmPTions 

V| N PIN 

The Vin pin is both the supply voltage for internal control 
circuitry and one end of the high current switch. It is 
important, especially at low input voltages, that this pin be 
bypassed with a low ESR, and low inductance capacitor to 
prevent transient steps or spikes from causing erratic 
operation. At full switch current of 5A, the switching 
transients at the regulator input can get very large as 
shown in Figure 1 . Place the input capacitor very close to 
the regulator and connect it with wide traces to avoid extra 
inductance. Use radial lead capacitors. 



Figure 1. input Capacitor Ripple 


UUI 2.21 

To ensure good load regulation, the ground pin must be 
connected directly to the proper output node, so that no 
high currents flow in this path. The output divider resistor 
should also be connected to this low current connection 
line as shown in Figure 2. 


HIGH CURRENT NEGATIVE OUTPUT NODE 

RETURN PATH WHERE LOAD REGULATION 

WILL BE MEASURED 

LT1074 * PD02 

Figure 2. Proper Ground Pin Connection 




Lp = Total inductance in input bypass connections 
and capacitor. 

“Spike” height (dl/dt • L P ) is approximately 2 V per 
inchol lead length for LT1074 and 0.8V per inch for 
LT1076. 

“Step” for ESR = 0.05Q and Isw = 5A is 0.25V. 
“Ramp” for C = 200jxF, Ton = 5ps, and Isw = 5A, 
is 0.12V. 

Input current on the Vin Pin in shutdown mode is the sum 
of actual supply current (=140nA, with a maximum of 
300|j.A), and switch leakage current. Consult factory for 
special testing if shutdown mode input current is critical. 

GROUND PIN 

It might seem unusual to describe a ground pin, but in the 
case of regulators, the ground pin must be connected 
properly to ensure good load regulation. The internal 
reference voltage is referenced to the ground pin; so any 
error in ground pin voltage will be multiplied at the output; 


FEEDBACK PIN 

The feedback pin is the inverting input of an error amplifier 
which controls the regulator output by adjusting duty 
cycle. The non-inverting input is internally connected to a 
trimmed 2.21V reference. Input bias current is typically 
0.5pA when the error amplifier is balanced (Iout = 0). The 
error amplifier has asymmetrical Gm for large input sig- 
nals to reduce startup overshoot. This makes the amplifier 
more sensitive to large ripple voltages at the feedback pin. 
lOOmVp-p ripple at the feedback pin will create a 14mV 
offset in the amplifier, equivalent to a 0.7% output voltage 
shift. To avoid output errors, output ripple (P-P) should be 
less than 4% of DC output voltage at the point where the 
output divider is connected. 

See the “Error Amplifier” section for more details. 

Frequency Shifting at the Feedback Pin 

The error amplifier feedback pin (FB) is used to downshift 
the oscillator frequency when the regulator output voltage 
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is low. This is done to guarantee that output short circuit 
current is well controlled even when switch duty cycle 
must be extremely low. Theoretical switch “on” time for a 
buck converter in continuous mode is; 

V 0 ut+V d 

^"VT 

Vo = Catch diode forward voltage ( = 0.5V) 
f = Switching frequency 

At f = 1 00kHz, tow must drop to 0.2jxs when Vin = 25V and 
the output is shorted (Vout = 0V). In current limit, the 
LT1074 can reduce to a minimum value of = 0.6ps, 
much too long to control current correctly for Vout = 0. To 
correctthis problem, switching frequency is lowered from 
100kHz to 20kHz as the FB pin drops from 1 .3 V to 0.5V. 
This is accomplished by the circuitry shown in Figure 3. 

TO 



Figure 3. Frequency Shifting 


Q1 is off when the output is regulating (Vfb = 2.21V). As 
the output is pulled down by an overload, Vfb will even- 
tually reach 1 .3 V, turning on Q1 . As the output continues 
to drop, Q1 current increases proportionately and lowers 
the frequency of the oscillator. Frequency shifting starts 
when the output is = 60% of normal value, and is down to 
its minimum value of 2 20kHz when the output is = 20% 
of normal value. The rate at which frequency is shifted is 
determined by both the internal 3k resistor R3 and the 
external divider resistors. For this reason, R2 should not 
be increased to more than 4kO, if the LT1074 will be sub- 
jected to the simultaneous conditions of high input voltage 
and output short circuit. 


SHUTDOWN PIN 

The shutdown pin is used for undervoltage lockout, 
micropower shutdown, soft start, delayed start, or as a 
general purpose on/off control of the regulator output. It 
controls switching action by pulling the Ium pin low, which 
forces the switch to a continuous “off” state. Full 
micropower shutdown is initiated when the shutdown pin 
drops below 0.3V. 

The V/l characteristics of the shutdown pin are shown in 
Figure 4. For voltages between 2.5V and =V| N , a current 
of 10piA flows out of the shutdown pin. This current in- 
creases to «25(xAas the shutdown pin moves through the 
2.35V threshold. The current increases further to = 30|xA 
at the 0.3V threshold, then drops to =15|aA as the shut- 
down voltage falls below 0.3V. The 1 0 |tA current source is 
included to p ull the shutdown pin to its hig h or default state 
when left open. It also provides a convenient pullup for 
delayed start applications with a capacitor on the shut- 
down pin. 

When activated, the typical collector current of Q1 in 
Figure 5, is = 2mA. A soft start capacitor on the Ilim Pin will 
delay regulator shutdown in response to Cl, by 
“(5V)(Clim)/2itiA. Soft start after full micropower shut- 
down is ensured by coupling C2 to Q1 . 



VOLTAGE (V) 

LT1074 • TPC05 

Figure 4. Shutdown Pin Characteristics 
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Hysteresis in undervoltage lockout may be accomplished 
by connecting a resistor (R3) from the Ium pin to the 
shutdown pin as shown in Figure 7. D1 prevents the 
shutdown divider from altering current limit. 


■ EXTERNAL 
" Cum 


Figure 5. Shutdown Circuitry 
Undervoltage Lockout 

Undervoltage lockout point is set by R1 and R2 in Figure 
6. To avoid errors due to the 1 OpA shutdown pin current, 
R2 is usually set at 5k, and R1 is found from: 

r1=r2 (Wpi%i) 

V SH 

Vjp = Desired undervoltage lockout voltage. 

Vsh = Threshold for lockout on the shutdown 
pin = 2.45V. 

If quiescent supply current is critical, R2 may be increased 
up to 15kO, but the denominator in the formula for R2 
should replace Vsh with Vsh - (10pA)(R2). 



S R1 

'V|N %% 

. 

SHUT 

LT1074 

! lim 


?R2 ^ 



„ OPTIONAL CURRENT 
LIMIT RESISTOR 


Figure 7. Adding Hysteresis 


( 


Trip Point = Vyp = 2.35V 


1 + 


m 

R2 


If R3 is added, the lowertrip point (Vim descending) will be 
the same. The upper trip point (Vjtp) will be; 


V UTP = V SH 


' R1 R1 a 

1 H 1 

v R2 R3 


-0.8V 


^R1 a 

V R3y 


If R1 and R2 are chosen, R3 is given by 
, (Vsh-0.8V)(R1) 

R1 


R3 = 


Vutp-Vsh 1 + 


R2 


Example: An undervoltage lockout is required such that 
the output will not start until Vim = 20V, but will continue 
to operate until Vjm drops to 1 5 V. Let R2 = 2.32k. 


, , 15V -2.35V 

R1 = (2.32kP 

' > 2.35 V 

(2.35 -0.8)(l 2.5) 


= 12.5k 


R3 = 


20-2.35 1 + 


12.5 

2.32 


= 3.9k 


LT1074 • PD08 


Figure 6. Undervoltage Lockout 
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Ilim PIN 

The Ilim pin is used to reduce current limit below the 
preset value of 6.5A. The equivalent circuit for this pin is 
shown in Figure 8. 



klM 


Figure 8. Ium Pin Circuit 

When Ilim is left open, the voltage at Q1 base clamps at 5 V 
through D2. Internal current limit is determined by the 
current through Q1. If an external resistor is connected 
between Ilim and ground, the voltage at Q1 base can be 
reduced for lower current limit. The resistor will have a 
voltage across it equal to (320|aA) (R), limited to = 5 V 
when clamped by D2. Resistance required for a given 
current limit is 

Rum = Ium (2kO) + 1ki2 (LT1074) 

Rum = Ilim (5.5k£2) + Ikfl (LT1076) 

As an example, a 3A current limit would require 3A (2k) + 
1 k = 7kL2 for the LT1 074. The accuracy of these formulas 
is ±25% for 2A < I L im < 5A (LT1 074) and 0.7A< l UM < 1 ,8A 
(LT1076), so Ilim should be set at least 25% above the 
peak switch current required. 

Foldback current limiting can be easily implemented by 
adding a resistorfrom the output to the Ilim pin as shown 
in Figure 9. This allows full desired current limit (with or 
without Rum) when the output is regulating, but reduces 
current limit under short circuit conditions. A typical value 
for Rfb is 5kn, but this may be adjusted up or down to set 
the amount of foldback. D2 prevents the output voltage 


from forcing current back into the Ilim pin. To calculate a 
value for Rfb, first calculate Rum, then Rfb ; 


r fb = 


(lsc-0.44*' 

M , 

0.5*| 

(r l - iko; 

Hsc 


(r l in k£i) 


’Change 0.44 to 0.16, and 0.5 to 0.18 for LT1076. 
Example: I L im = 4A, Isc = 1 -5A, Rum = (4)(2k) + Ik = 9k 


r fb = 


(l.5-0.44)(9kQ) 
0.5(9k — Ik) — 1.5 



Figure 9. Foldback Current Limit 
ERROR AMPLIFIER 

The error amplifier in Figure 10 is a single stage design 
with added inverters to allow the output to swing above 
and below the common mode input voltage. One side of 
the amplifier is tied to a trimmed internal reference voltage 
of 2.21V. The other input is brought out as the FB (feed- 
back) pin. This amplifier has a Gm (voltage “in” to current 
“out”) transfer function of =5000|imho. Voltage gain is 
determined by multiplying Gm times the total equivalent 
output loading, consisting of the output resistance of Q4 
and Q6 in parallel with the series RC external frequency 
compensation network. At DC, the external RC is ignored, 
and with a parallel output impedance for Q4 and Q6 of 
400kO, voltage gain is = 2000. At frequencies above a few 
hertz, voltage gain is determined by the external compen- 
sation, Rc and Cp. 
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EXTERNAL 

FREQUENCY 

COMPENSATION 


LT1074 • P01 1 


A v = „ , ^ at midfrequencies 

2n • f • Cq 

Ay = G)n» Rq at highfrequencies 

Phase shift from the FB pin to the Vc pin is 90° at mid- 
frequencies where the external Cc is controlling gain, then 
drops back to 0° (actually 180° since FB is an inverting 
input) when the reactance of Cc is small compared to Rq. 
The low frequency “pole” where the reactance of Cc is 
equal to the output impedance of Q4 and Q6 (rg), is 


The error amplifier has asymmetrical peak output current. 
Q3 and Q4 current mirrors are unity gain, but the Q6 mirror 
has a gain of 1 .8 at output null and a gain of 8 when the FB 
pin is high (Q1 current = 0). This results in a maximum 
positive output current of 1 40^A and a maximum negative 
(sink) output current of = 1.1mA. The asymmetry is 
deliberate— it results in much less regulator output over- 
shoot during rapid start-up or following the release of an 
output overload. Amplifier offset is kept low by area scaling 
Q1 and Q2 at 1.8:1. 


f POLE = 


_1 

2tc * r 0 * C 


r 0 » 400kQ 


Although fpoLE varies as much as 3:1 due to ro variations, 
mid-frequency gain is dependent only on Gm, which is 
specified much tighter on the data sheet. The higher 
frequency “zero” is determined solely by Rc and Cc. 


f ZERO = 


1 

27t»R c *Cc 


Amplifier swing is limited by the internal 5.8V supply for 
positive outputs and by D1 and D2 when the output goes 
low. Low clamp voltage is approximately one diode drop 
(=0.7V-2mV/°C). 

Note that both the FB pin and the Vc pin have other internal 
connections. Refer to the frequency shifting and 
sychronizing discussions. 
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Tapped-lnductor Buck Converter 



. V OUT + 
5V, 10A f 


C4 

I 390nF 
16V 


MAXIMUM OUTPUT CURRENT WILL BE REDUCED. SEE AN44 


LT1074 • TA02 


Positive-to-Negative Converter with 5V Output 



* =1% FILM RESISTORS 
D1 = M0T0R0LA-MBR745 
Cl = NICHIC0N-UPL1C221MRH6 
C2 = NICHIC0N-UPL1 A1 02MRH6 
LI = COILTRONICS-CTX25-5-52 


+ LOWER REVERSE VOLTAGE RATING MAY BE USED FOR LOWER INPUT VOLTAGES. 

LOWER CURRENT RATING IS ALLOWED FOR LOWER OUTPUT CURRENT. SEE AN44. 

++ LOWER CURRENT RATING MAY BE USED FOR LOWER OUTPUT CURRENT. SEE AN44. 

** R1, R2, AND C4 ARE USED FOR LOOP FREQUENCY COMPENSATION WITH LOW INPUT VOLTAGE, 

BUT R1 AND R2 MUST BE INCLUDED IN THE CALCULATION FOR OUTPUT VOLTAGE DIVIDER VALUES. 
FOR HIGHER OUTPUT VOLTAGES, INCREASE R1, R2, AND R3 PROPORTIONATELY. 

FOR INPUT VOLTAGE > 10V, R1, R2, AND C4 CAN BE ELIMINATED, AND COMPENSATION IS 
DONE TOTALLY ON THE V C PIN. 

R3 = V out -2.37 (KQ) 

R1 = (R3) (1.86) 

R2 = (R3) (3.65) 

** MAXIMUM OUTPUT CURRENT OF 1A IS DETERMINED BY MINIMUM INPUT 
VOLTAGE OF 4.5V. HIGHER MINIMUM INPUT VOLTAGE WILL ALLOW MUCH HIGHER 
OUTPUT CURRENTS. SEE AN44. 
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Negative Boost Converter 
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TECHNOLOGY l A High Voltage, Efficiency 
Switching Voltage Regulator 


F€flTUR€S 

■ Wide Input Voltage Range: 3V to 75 V 

■ High Switch Voltage: 100V 

■ Low Quiescent Current: 4.5mA 

■ Internal 1A Switch 

■ Shutdown Mode Draws Only 120pA Supply Current 

■ Isolated Flyback Regulation Mode for Fully Floating 
Outputs 

■ Can Be Externally Synchronized 

■ Available in MiniDIP and TO-220 Packages 

■ Same Pinout as LT1 072 

Rppucmions 

■ Telecom 5V Supply at OJA from -48V 

■ 90V Supply at 120mA from 15V 

■ All Applications Using LT1072 (See Below for 
Specification Differences) 


LT1082 and LT1072 Major Specification Differences 



LT1082C 

LT1072HV 

V|N 

3V to 75V 

3V to 60V 

Vsw 

100V 

75V 

Switch Current Limit 

1A 

1.25A 

Quiescent Current 

4.5mA 

6mA 

Operating Frequency 

60kHz 

40kHz 

Flyback Reference Voltage 

16.2 + 0.6 (35kQ/R FB ) 

16 + 0.35 (7kQ/R FB ) 


USER NOTE: This data sheet is only intended to provide specifications, graphs, and a general 
functional description of the LT1082. Application circuits are included to show the capability of the 
LT1 082. A complete design manual (AN1 9) and Switcher CAD (LTC Switching Power Supply Design 
Program) should be obtained to assist in developing new designs. This manual contains a 
comprehensive discussion of both the LT1 070 and the external components used with it, as well as 
complete formulas for calculating the values of these components. The manual can also be used for 
the LT1082 by factoring in the lower switch current rating. 


DttCftlPTIOn 

The LT1082 is a monolithic high voltage switching 
regulator. It can be operated in all standard switching 
configurations including buck, boost, flyback, forward, 
and inverting. A 1A high efficiency switch is included on 
the die along with all oscillator, control, and protection 
circuitry. 

The LT1 082 operates with supply voltages from 3 V to 75 V, 
switch voltage up to 100V and draws only 4.5mA quies- 
cent current. It can deliver load power up to 20W with no 
external power devices. By utilizing current-mode switch- 
ing techniques, it provides excellent AC and DC load and 
line regulation. 

An externally activated shutdown mode reduces total 
supply current to 120pA typical for standby operation. 
Totally isolated and regulated outputs can be generated by 
using the optional “isolated flyback regulation mode” built 
into the LT1082, without the need for optocouplers or 
extra transformer windings. 

The LT1082 has a unique feature to provide high voltage 
short-circuit protection. When the FB pin is pulled down to 
0.6V and the current out of the pin reaches approximately 
350pA, the switching frequency will shift down from 
60kHz to 12kHz. 

The LT 1 082 is nearly identical to the lower voltage LT 1 072. 
Forthe major differences in specifications, seethe table on 
the left. 



Negative-to-Positive Telecom 5V Supply 


r 


**250jxH 




V|N 

Vsw 

33|j.F 




80V U 

_ 

LT1082 


CHEMI-CON 

SXE SERIES 

"' N 

mo v c 

FB 


*D1 

-M- 


Q1 

2N5401 . 



, V(DUT 

5V, OJA 


. 470piF 
s 10V 
CHEMI-CON 
SXE SERIES 


NOTE: MAXIMUM OUTPUT 
CURRENT IS A FUNCTION 
OF INPUT VOLTAGE. SEE 
THE GRAPH ON THE RIGHT. 


* MOTOROLA MUR110 (100V, 1A) 
k 69 TURNS OF #28 AWG WIRE ON A 
MICROMETALS T60 TYPE 52 CORE. 

NOTE: THIS CORE IS LOW COST, BUT 
HAS HIGHER CORE LOSS AND IS LARGER 
THAN NECESSARY FOR LOWER CURRENT 
APPLICATIONS. FOR SMALLER INDUCTORS 
OR HIGHER EFFICIENCY, USE A LOW LOSS 
CORE SUCH AS MAGNETICS INC. KOOL Mpi 
OR MOLYPERMALLOY. 


Telecom 5V Supply Maximum Output 
Current vs Input Voltage 



0 -10 -20 -30 -40 -50 -60 -70 -80 -90 
INPUT VOLTAGE (V) 

1082TA02 


rrunm 

TECHNOLOGY 


4-257 





LT1082 


absolute mnximum rrtirgs 


Supply Voltage 75 V 

Switch Output Voltage 100V 

Feedback Pin Voltage (Transient, 1ms) ±15V 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Operating Junction Temperature Range 


LT1082M -55°C to 150°C 

LT1082I -40°C to 125°C 

LT1082C 0°C to 100°C 


PRCKRG€/ORD€R IRFORfflRTIOn 



TOP VIEW 


GND |T 

U 

T\ E2 

VcE 


~l\ V SW 

FB |T 


H El 

NC |T 


1] V IN 

J8 PACKAGE N8 PACKAGE 


8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

Tjmax = 150°C, 0 JA = 1OO°C/W (MJ8) 
Tj MA x = 100 o C i e J A = 90°C/W (CN8) 
T jmax = 125°C, e JA = 90°C/W (IN8) 


FRONT VIEW 



Tjmax = 100°C, 0 JA = 40°C/W (CQ) 
Tjmax = 125°C, 0 JA = 40°C/W (IQ) 

NOTE: 0 JA VARIES FROM 25°C/W TO 50°C/W 
DEPENDING ON BOARD COMPOSITION. 


o 


5 

4 

3 

2 

Ol 


5 V IN 

1 V SW 

□ GND 

=m fb 

□ Vc 


T PACKAGE 
5-LEAD TO-220 


Tjmax = 100°C, 0 JA = 75°C/W, 0 JC = 8°C/W (CT) 
Tjmax = 125°C, 0 JA = 75°C/W, 0 JC = 8°C/W (IT) 


ORDER PART NUMBER 


ORDER PART NUMBER 


ORDER PART NUMBER 


LT1082MJ8 

LT1082CN8 

LT1082IN8 


LT1082CQ 

LT1082IQ 


LT1082CT 

LT1082IT 


ELECTRICAL CHRRRCT€RISTICS V| N = 15V, Vc = 0.5V, Vpb = Vref, output pin open, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 


1.224 

1.244 

1.264 

V 



V c = 0.8V 

• 

1.214 

1.244 

1.274 

V 

Ib 

Feedback Input Current 

Vfb = Vref 



350 

750 

nA 




• 



1100 

nA 

9m 

Error Amplifier 

Ale = ±25jaA 


3000 

4400 

6000 

limho 


Transconductance 


• 

2400 


7000 

iumho 


Error Amplifier Source or 

V C = 1.5V 


150 

200 

400 

pA 


Sink Current 


• 

120 


400 

pA 


Error Amplifier Clamp 

Hi Clamp, V FB = IV 


1.8 


2.3 

V 


Voltage 

Lo Clamp, V re = 1.5V 


0.12 

0.22 

CO 

CO 

o 

V 


Reference Voltage Line Regulation 

3V < V| N < V MA x» V C = 0.8V 


0.03 

%/V 

Av 

Error Amplifier Voltage Gain 

0.9V <V C < 1.4V 


350 

650 


V/V 


Minimum Input Voltage 


• 


2.6 

3.0 

V 
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€l€CTRICRl CHRRRCT€RISTICS V| N = 15V, Vq = 0.5V, Vpg = V REF , output pin open, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Supply Current 

3V < V|n < V MA x. V C = 0.6V 



4.5 

7.0 

mA 


Control Pin Threshold 

Duty Cycle = 0 


0.7 

0.9 

1.1 

V 




• 

0.5 


1.25 

V 


Normal/Flyback Threshold 



0.58 

0.67 

0.8 

V 


on Feedback Pin 







f 

Switching Frequency 



50 

60 

70 

kHz 




• 

45 


75 

kHz 



800pA > Ifb ^ 450pA 


12 

kHz 

BV 

Output Switch Breakdown Voltage 

3V < Vin < V MAX , lsw = 1-5mA 

• 

100 

115 


V 


Control Voltage to Switch 




1.5 


A/V 


Current Transconductance 







Vfb 

Flyback Reference Voltage 

•fb = OOpA 


17 

18.6 

20.5 

V 




• 

16 


21.5 

V 


Change in Flyback Reference Voltage 

60pA < Ifb < 200pA 


3.5 

4.6 

6.5 

V 


Flyback Reference Voltage Line Regulation 

Ifb = 60(oA, 3 V < V| N < V M ax 



0.01 

0.03 

%/V 


Flyback Amplifier Transconductance (g m ) 

AIq = ±10pA 


150 

300 

850 

pm ho 


Flyback Amplifier Source 

Vc = 0.6V Source 

• 

15 

32 

70 

pA 


and Sink Current 

Ifb = 60pA Sink 

• 

30 

50 

90 

pA 

Vsat 

Output Switch “On” Resistance (Note 1) 

Isw = 0.7A (LT1082C), l S w = 0.5A (LT1082M) 

• 


0.8 

1.2 

Q 

Ilim 

Switch Current Limit 

Duty Cycle = 20% 


1.07 


2.6 

A 


(LT1082C) 

Duty Cycle < 50% 

• 

1.0 


2.6 

A 



Duty Cycle = 80% (Note 2) 


0.8 


2.4 

A 


Switch Current Limit 

Duty Cycle = 20% 


0.85 


2.8 

A 


(LT1082I) 

Duty Cycle < 50% 

• 

0.8 


2.8 

A 



Duty Cycle = 80% (Note 2) 

• 

0.65 


2.6 

A 


Switch Current Limit 

Duty Cycle = 20% 

• 

0.75 


3.0 

A 


(LT1082M) 

Duty Cycle < 50% 

• 

0.7 


3.0 

A 



Duty Cycle = 80% (Note 2) 

• 

0.6 


2.8 

A 

AIin 

Supply Current Increase 




35 

45 

mA/A 

Alsw 

During Switch-On Time 







DCmax 

Maximum Switch Duty Cycle 



85 

92 

97 

% 


Flyback Sense Delay Time 



1.5 

ps 


Shutdown Mode Supply Current 

3V<V| N <V max ,Vc = 0.05V 



120 

350 

pA 


Shutdown Mode 

3 V < Vin < Vmax 


70 

150 

250 

mV 


Threshold Voltage 


• 

50 


300 

mV 


The • denotes the specifications which apply over the operating Note 2: For duty cycles (DC) between 50% and 80%, minimum 

temperature range. guaranteed switch current decreases linearly. 

Note 1: Measured with Vc in hi clamp, Vfb = 0.8V. 
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Suggested Core Size and 
Inductance for Telecom 
5V Supply 


LOAD 

CURRENT 

TYPE 52 

POWDERED 

IRON 

KOOL IVIn 

OR MOLY- 
PERMALLOY 

100mA 

T38 250nH 

T38 200|aH 

200mA 

T50 250nH 

T38 150|aH 

400mA 

T60 250nH 

T50 150nH 

600mA 

T60 250nH 

T50 200nH 

800mA 

T80 350|iH 

T80 350nH 


1082 GA 


Short-Circuit Frequency 
Shift-Down vs Feedback Current 



o i i i i i i i i i 

0 100 200 300 400 500 600 700 800 

FEEDBACK CURRENT fojA) 


1082 G03 


Flyback Blanking Time 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 

1082 G06 


Telecom 5V Supply Efficiency 



PERMALLOY INDUCTOR. IF POWDERED IRON CORE 
INDUCTOR IS USED, THE CORE LOSS IS TYPICALLY 
lOOmW HIGHER. 1082 G01 


Switch Current Limit 



o i i i i i i i i i i i 

0 10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 


1082 G04 


Minimum Input Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


1082 G07 


80 

70 

60 

50 

40 

30 

20 

10 

0 


97 

96 

95 


3 94 
o 



91 

90 


2.00 

>1.75 

| 1.50 

0 

> 1.25 

| 100 

§ 0.75 

CO 

1 0.50 
s: 

w 0.25 
0 
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Telecom 5V Supply Short-Circuit 
Frequency Shift-Down 


T a = 25°C 



6 5 4 3 2 1 0 

OUTPUT VOLTAGE (V) 


Maximum Duty Cycle 



■75 -50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 


Switch Saturation Voltage 



0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 
SWITCH CURRENT (A) 
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TYPICAL P€RFOflmnnC€ CHflRflCTCRISTICS 


Isolated Mode Flyback 
Reference Voltage 


Reference Voltage and Switching 
















Rfb 

= 3k 





■ 




— 





















= 6k 











1 









n FB 















































160 










/ 



= 50 

nVj 





\ 

r 

f c = o 

r 

L_l 








n 













0 10 20 30 40 50 60 70 80 

SUPPLY VOLTAGE (V) 

1082 G1 5 


-75 -50-25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 

1082 G09 

Feedback Bias Current vs 
Temperature 



Normal/Feedback Mode 
Threshold on Feedback Pin 


-75 -50-25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 


Supply Current vs Supply Voltage 
(Shutdown Mode) 



-75 -50-25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 

1082 G16 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
SWITCH CURRENT (A) 

* AVERAGE SUPPLY CURRENT 
= Iq+DC(2.9 + 10- 2 I S w+10' 5 IsW 2 ) 

Iq = QUIESCENT CURRENT, DC = DUTY CYCLE, 
l SW = SWITCH CURRENT 1082 G 13 


INPUT VOLTAGE (V) 


Shutdown Mode Supply Current 


-24 
-22 
-20 
-18 o 

TJ 

- 16 s 
- 14 1 
-12 5 

-io 1 
-8 
-6 
-4 


200 
180 
160 
: 140 
120 
100 







| | 







-55° 

C<' 

j<125° 


2 













1 



Tj 


°c 


■ 

■ 




























































10 20 30 40 50 60 70 80 90 100 
V c PIN VOLTAGE (mV) 

1082 G17 


Supply Current vs Input Voltage* ** 



INPUT VOLTAGE (V) 

‘UNDER VERY LOW OUTPUT CURRENT CONDITIONS, 
DUTY CYCLE FOR MOST CIRCUITS WILL APPROACH 
10% OR LESS. 1082 G14 
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LT1082 


typical p€RFOftmnncc charactcristics 


Error Amplifier Transconductance Shutdown Thresholds 



TEMPERATURE (°C) TEMPERATURE (°C) 

1082 G18 1082 G19 


Idle Supply Current vs 
Temperature 



TEMPERATURE (°C) 


1082 G20 


Feedback Pin Clamp Voltage 



Switch “Off” Characteristics 



Vq Pin Characteristics 



0 0.5 1.0 1.5 2.0 2.5 

V c PIN VOLTAGE (V) 

1082 G23 


Transconductance of Error 
Amplifier 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

>' 1082 G24 
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LT1082 


BLOCK DlflGRnm 


V| N 16.2V SWITCH OUT 




OPCRATIOR 

The LT1082 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block 
diagram, the switch is turned “on” at the start of each 
oscillator cycle. It is turned “off” when switch current 
reaches a predetermined level. Control of output voltage is 
obtained by using the output of a voltage sensing error 
amplifier to set current trip level. This technique has 
several advantages. First, it has immediate response to 
input voltage variations, unlike ordinary switchers which 
have notoriously poor line transient response. Second, it 
reduces the 90° phase shift at mid-frequencies in the 
energy storage inductor. This greatly simplifies closed- 
loop frequency compensation under widely varying input 
voltage or output load conditions. Finally, it allows simple 
pulse-by-pulse current limiting to provide maximum switch 
protection under output overload or short conditions. A 


low dropout internal regulator provides a 2.3 V supply for 
all internal circuitry on the LT1082. This low dropout 
design allows input voltage to vary from 3 V to 75 V with 
virtually no change in device performance. A 60kHz 
oscillator is the basic clock for all internal timing. It turns 
“on” the output switch via the logic and driver circuitry. 
Special adaptive anti-sat circuitry detects onset of 
saturation in the power switch and adjusts driver current 
instantaneously to limit switch saturation. This minimizes 
driver dissipation and provides very rapid turn-off of the 
switch. 

A 1 .2 V bandgap reference biases the positive input of the 
error amplifier. The negative input is brought out for 
output voltage sensing. This feedback pin has a second 
function: when pulled low with an external resistor and 
with l FB of 60pA to 200pA, it programs the LT1082 to 


jjvm 
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disconnect the main error amplifier output and connects 
the output of the flyback amplifier to the comparator input. 
The LT 1 082 will then regulate the value of the flyback pulse 
with respect to the supply voltage. This flyback pulse is 
directly proportional to output voltage in the traditional 
transformer coupled flyback topology regulator. By 
regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the 
breakdown voltage of the transformer windings. Multiple 
floating outputs are easily obtained with additional 
windings. A special delay network inside the LT1082 
ignores the leakage inductance spike atthe leading edge of 
the flyback pulse to improve output regulation. 

When IpB drawn out of the FB pin reaches 350pA, the 
LT1082 shifts the switching frequency down to 12kHz. 
This unique feature provides high voltage short-circuit 
protection in systems like the telecom 5V supplies with 
input voltages down to -70 V; lower frequency is needed 
under short-circuit conditions with current mode switchers 
because minimum “on” time cannot be forced below the 
internally set blanking time. Referring to the telecom 5V 
supply circuit on the front page, with output shorted to 
ground, the Vfb stays at 0.6V when sourcing Ifb up to 
1 mA. If the FB pin is forced to source more than 1 mA, the 
frequency shifting function may be defeated. Therefore, 
the minimum suggested value for Rfb is Ik and the 
maximum suggested value is 1.2k. Also, no capacitance 
more than InF should be used on the FB pin, because it 
may cause unstable switching frequency in this low 
frequency mode. 

The error signal developed at the comparator input is 
brought out externally. This pin (Vc) has four different 
functions. It is used for frequency compensation, current 
limitadjustment, soft starting, and total regulatorshutdown. 
During normal regulator operation this pin sits at a voltage 
between 0.9V (low output current) and 2 V (high output 
current). The error amplifiers are current output (g m ) 
types, so this voltage can be externally clamped for 
adjusting current limit. Likewise, a capacitor-coupled 
external clamp will provide soft start. Switch duty cycle 
goes to zero if the Vc pin is pulled to ground through a 
diode, placing the LT1082 in an idle mode. Pulling the Vc 
pin below 0.15V causes total regulator shutdown, with 


only 1 20pA supply current for shutdown circuitry biasing. 
See AN1 9 for full application details. 

Extra Pins on the MiniDIP Packages 

The miniDIP LT1082 has the emitters of the power 
transistor brought out separately from the ground pin. 
This eliminates errors due to ground pin voltage drops and 
allows the user to reduce switch current limit by a factor 
of 2:1 by leaving the second emitter (E2) disconnected. 
The first emitter (El) should always be connected to the 
ground pin. Note that switch “on” resistance doubles 
when E2 is left open, so efficiency will suffer somewhat 
when switch currents exceed 1 00mA. Also, note that chip 
dissipation will actually increase with E2 open during 
normal load operation, even though dissipation in current 
limit mode will decrease. See “Thermal Considerations.” 

Thermal Considerations When Using the 
MiniDIP Packages 

The low supply current and high switch efficiency of the 
LT1082 allow it to be used without a heat sink in most 
applications when the TO-220 package is selected. 

This package is rated at 50°C/W. The miniDIPs, however, 
are rated at 100°C/W in ceramic (J) and 90°/W in plastic 
(N). 

Care should be taken for miniDIP applications to ensure 
thatthe worst case input voltage and load current conditions 
do not cause excessive die temperatures. The following 
formulas can be used as a rough guide to calculate LT 1 082 
power dissipation. For more details, the reader is referred 
to Application Note 19 (AN19), “Efficiency Calculations” 
section. 

Average supply current (including driver current) is: 

I IN- 4.5mA + l sw (0.004 + DC/28) 

Isw = switch current 
DC = switch duty cycle 

Switch power dissipation is given by: 

Psw = (Isw ) 2 * Rsw * DC 

Rsw = LT1082 switch “on” resistance (1.2Q maximum) 
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Total power dissipation is the sum of supply current times 
input voltage plus switch power: 

Ptot = (IinKVin) + p sw 

In atypical example, using negative-to-positive converter 
to generate 5 V at 0.5A from a -45V input, duty cycle is 
approximately 12%, and switch current is about 0.5A, 
yielding: 

l| N = 4.5mA + 0.5(0.004 + DC/28) = 8.7mA 

P SW = (0.5) 2 • 1 ,2Q • (0.12) = 0.036W 

Ptot = (45V)(8.7mA) + 0.036 = 0.43W 

Temperature rise in a plastic miniDIP would be 90°C/W 
times 0.43W, or approximately 39°C. The maximum am- 
bient temperature would be limited to 1 00°C (commercial 
temperature limit) minus 39°C, or 61 °C. 

In most applications, full load current is used to calculate 
die temperature. However, if overload conditions must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1082 will 
protect the die in most applications by shutting off switch 
current. Thermal limitis not a tested parameter, however, 
and should be considered only for noncritical applications 
with temporary overloads. A second approach is to use the 
larger T0-220 (T) package which, even without a heat sink, 
may limit die temperatures to safe levels under overload 
conditions. In critical situations, heat sinking of these 
packages is required; especially if overload conditions 
must be tolerated for extended periods of time. 

The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch “on” resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 
reduction in l 2 Ft switch dissipation under current limit 
conditions. 

The fourth approach is to clamp the Vc pin to a voltage less 
than its internal clamp level of 2 V. The LT1082 switch 
current limit is zero at approximately 1 V on the Vc pin and 
1.6A at 2 V on the Vc pin. Peak switch current can be 
externally clamped between these two levels with a diode. 
See AN1 9 for details. 


LT1082 Synchronizing 

The LT1082 can be externally synchronized in the fre- 
quency range of 75kHz to 90kHz. This is accomplished as 
shown in the accompanying figures. Synchronizing oc- 
curs when the Vc pin is pulled to ground with an external 
transistor. To avoid disturbing the DC characteristics of 
the internal error amplifier, the width of the synchronizing 
pulse should be under Ips. C2 sets the pulse width at = 
0.6ps. The effect of a synchronizing pulse on the LT1082 
amplifier offset can be calculated from: 



KT/q = 26mV at 25°C 
ts = pulse width 
f$ = pulse frequency 

lc = LT1082 Vc source current (~ 200pA) 

Vc = LT1082 operating Vc voltage (IV to 2V) 

R3 = resistor used to set mid-frequency “zero” in LT1082 
frequency compensation network. 

With t s = 0.6ps, f s = 80kHz, V c = 1 .5V, and R3 = 2k, offset 
voltage shift is = 5mV. This is not particularly bothersome, 
but note that high offset could result if R3 were reduced to 
a much lower value. Also, the synchronizing transistor 
must sink higher currents with low values of R3, so larger 
drives may have to be used. The transistor must be 
capable of pulling the Vc pin to within 1 0OmV of ground to 
ensure synchronizing. 


Synchronizing the LT1082 
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Totally Isolated Converter 



Boost Converter 



15V 

AT0.3A 


COM 


-15V 
AT 0.3A 
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iTwm. LT1103/LT1105 

TECHNOLOGY offline Switching Regulator 


F€ATUR€S 

■ ±1% Line and Load Regulation with No Opto-Coupler 

■ Switch Frequency up to 200kHz 

■ Internal 2A Switch and Current Sense (LT1103) 

■ Internal 1A Totem Pole Driver (LT1105) 

■ Start-Up Mode Draws Only 200uA 

■ Fully Protected Against Overloads 

■ Overvoltage Lockout of Main Supply 

■ Protected Against Underdrive or Overdrive to FET 

■ Operates in Continuous or Discontinuous Mode 

■ Ideal for Flyback and Forward Topologies 

■ Isolated Flyback Mode Has Fully Floating Outputs 

APPIICATIOAS 

■ Up to 250W Isolated Mains Converter 

■ Up to 50W Isolated Telecom Converter 

■ Fully Isolated Multiple Outputs 

■ Distributed Power Conversion Networks 


DCSCRIPTIOA 

The LT1103 Offline Switching Regulator is designed for 
high input voltage applications using an external FET 
switch whose source is driven by the open collector output 
of the LT1103. The LT1103 is optimized for 15W-100W 
applications. For higher power applications or additional 
switch current flexibility, the LT1105 is available and its 
totem pole output drives the gate of an external FET. 
Unique design of the LT1103/LT1 105 eliminates the need 
for an opto-coupler while still providing ±1 % load and line 
regulation in a magnetic flux-sensed converter. This sig- 
nificantly simplifies the design of offline power supplies 
and reduces the number of components which must cross 
the isolation barrier to one, the transformer. 

The LT1103/LT1105 current mode switching techniques 
are well suited to transformer-isolated flyback and for- 
ward topologies while providing ease of frequency com- 
pensation with a minimum of external components. Low 
external part count for a typical application combines with 


TVPICAl APPUCATIOA 


Fully-Isolated Flyback 100kHz 50W Converter with Load Regulation Compensation 


OPTIONAL OUTPUT FILTER 




‘OUTPUT CAPACITOR IS THREE 1200nF, 
50V CAPACITORS IN PARALLEL TO 
ACHIEVE REQUIRED RIPPLE CURRENT 
’ RATING AND LOW ESR. 


WINDINGS FOR 
. OPTIONAL 
±12Vq C OUTPUTS 


TRANSFORMER DATA: 
p COILTRONICS - CTX1 10228-3 
j L(PRI) = 1-6mH 
T Npri.Nsec = 1:0.05 
■ j N B ias:Nsec = 1:0.27 


5.25 
5.20 
5.15 
5.10 
r 5.05 
1 5.00 
’ 4.95 


Load Regulation 


85 i A - 


Danger! I Lethal Voltages Present - See Text 


0123456789 10 
l0UT (A) 
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a 200kHz maximum switching frequency to achieve high 
power density. Performance at switching frequencies 
above 100kHz may be degraded due to internal timing 
constraints associated with fully-isolated flyback mode. 

Included are the oscillator, control, and protection cir- 
cuitry such as current limit and overvoltage lockout. 
Switch frequency and maximum duty cycle are adjustable. 
Bootstrap circuitry draws 200pA for startup of isolated 
topologies. A 5V reference as well as a 15V gate bias are 
available to power external primary-side circuitry. No 
external current sense resistor is necessary with LT1 103 
because it is integrated with the high current switch. The 
LT1105 brings out the input to the current limit amplifier 
and requires the use of an external sense resistor. 

The LT1 1 03/LT 1105 have unique features not found on 
other offline switching regulators. Adaptive anti-sat switch 
drive allows wide-ranging load currents while maintaining 
high efficiency. The external FET is protected from insuf- 
ficient or excessive gate drive voltage with a drive detec- 
tion circuit. An externally activated shutdown mode re- 
duces total supply current to less than 200pA, typical for 
standby operation. Fully isolated and regulated outputs 
can be generated in the optional isolated flyback mode 
without the need for opto-couplers or other isolated feed- 
back paths. 



SEROUS AND 
SENT IN OFFLI 

)RE PROCEEI 
READER IS WAR 

BE USED IN THE 
iHi USE OF OFI 

VOLTAGE, AC LINE 
ARE PRESENTIN' 

CAUTION MUST BE 
AND MAKING C r 




iTENTIALS ARE 
TS! 

FURTHER, THE 

CAUTION MUST 
ION, TESTING 
CIRCUITS. HIGH 
©POTENTIALS 
CUITS. EXTREME 
WORKING WITH 
NS TO THESE 


SmCUITS. REPEAT: OFFLINE CIRCUITS 
CONTAIN DANGEROUS, AC LINE-CONNECTED 

USE CAUTION. 


HIGH VOLTAGE 

ALL TESTING PER 

CIRCUIT MUST BE 
TRANSFORMER tt 
OFFLINE CIRCUIT'S I 

USERS AND 



ON AN OFFLINE 
HAN ISOLATION 
BETWEEN THE 
AND THE AC LINE. 
OF OFFLINE 


CIRCUITS MUST OBSERVE THIS PRECAUTION 
WHEN CONNECTING TEST EQUIPMENT TO 
THE CIRCUIT TO AVOID ELECTRIC SHOCK. 
REPEAT: AN ISOLATION TRANSFORMER 
MUST BE CONNECTED BETWEEN THE CIRCUIT 
INPUT AND THE AC LINE IF ANY TEST 
EQUIPMENT IS TO BE CONNECTED. 


absolute mnximum nnnnGs 


V| N 30V 

Vsw Output Voltage (LT1103) 50V 

Vsw Output Current (200ns)(LT1 1 05) ±1.5A 

V c , FB, OSC, SS 6 V 

■lim (LT1105) 3 V 

OVLO Input Current 1mA 

Lead Temperature (Soldering, 10 sec.) 300°C 


Maximum Operating Ambient Temperature Range 

LT1103C 0°C to 70°C 

LT1105C 0°C to 70°C 

Maximum Operating Junction Temperature Range 

LT1103C 0°C to +100°C 

LT1105C 0 C to +100 C 

Storage Temperature Range -65°C to +150°C 
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TOP VIEW 


PWRGND \T 


33 v sw 

OVLO \T 


T] NC 

FB [T 


T] NC 

v c GE 


iU 15V 

5V Q[ 


33 V| N 

ss IT 


U osc 

GND \T 


X Ilim 

N PACKAGE, 14-LEAD PLASTIC DIP 


PINS 1 AND 7 MUST BE TIED TOGETHER 


Tjmax = 100°C, 0 ja = 1OO°C/W 


ORDER PART 
NUMBER 


LT1105CN 



S PACKAGE, 20-LEAD (FUSED) PLASTIC SOL 
Tjmax = 100°C, 0 JA = 45°C/W 


ORDER PART 
NUMBER 


LT1105CS 



LT1103CY 


Y PACKAGE 
7-LEAD TO-220 


CASE IS CONNECTED TO GROUND. LEADS ARE FORMED. 
Tjmax = 1OO°C,0j A = 5O°C/W 


GND |T 

— — 

XI Vsw 

Ilim [X 


T] 15V 

FB [T 


X V|N 

V C [T 


T| osc 

N8 PACKAGE, 8-LEAD PLASTIC DIP 


Tjmax = 100°C, 0ja = 13O°C/W 


LT1105CN8 


Consult factory for Industrial and Military grade parts. 


CL6CTRICRL CHARACTERISTICS 


Vim = 20V, Vc = 0.85V, OVLO = 0V, V$w Open, Ta= 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Supply Current 

8 V < V| N < 30V, After device has started 

• 

10 

20 

30 

mA 

■start 

Start-Up Current 

Vin < Vin Start Threshold 

• 


200 

400 

pA 


Vii\i Start Threshold 


• 

14.5 

16.0 

17.5 

V 


Vii\i Shutdown Threshold 

Note: Switching stops when Vsw < 10V (LT1103) 

Note: Switching stops when Vqate < 10V (LT1105) 

• 

5.0 

7.0 

8.0 

V 

Vref 

5 V Reference Voltage 


• 

4.80 

4.95 

5.20 

V 


V REF Line Regulation 

1 0V < Vim < 30V 

• 


0.025 

0.075 

%/V 


Vref Load Regulation 

0mA < l L < 20mA 

• 


0.025 

0.05 

%/mA 


Vref Short Circuit Current 


• 

25 

60 

110 

mA 

Vgate 

15V Gate Bias Reference 

17 < Vin < 30V, 0mA < l|_ < 30mA 


13.8 

15.0 

16.2 

V 


15V Dropout Voltage 

V, N = 15V, l L = 30mA 

• 


2.0 

2.5 

V 


15V Short Circuit Current 


• 

30 

70 

130 

mA 

SF 

Oscillator Scaling Factor 

FB = 4V, Vc = Open, Measured at Vsw- isw = 25mA, 

• 

36 

40 

44 

Hz • jllF 



OVLO = 5V, Fqsc = SF/Cqsc, 40kHz < F 0S c < 200kHz 


32 

40 

48 

Hz • jliF 


Oscillator Valley Voltage 



2.0 

V 


Oscillator Peak Voltage 



4.5 

V 
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€l€CTRICRl CHIMIKTCRISTICS 

Vim = 20V, Vq = 0.85V, OVLO = OV, V S w Open, T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITONS 

MIN 

TYP 

MAX 

UNIT 

DC 

Preset Max. Switch Duty Cycle 

FB = 4 V, Vq = Open, Fosc = 40kHz, l$w = 25mA, 

• 

58 

65 

72 

% 


(LT1103) 

Note: Maximum Duty Cycle can be altered at OSC pin 







Preset Max. Switch Duty Cycle 

FB = 4V, Vq = Open, F 0 sc = 40kHz, Isw = 25mA, 

• 

56 

63 

70 

% 


(LT1105) 

Note: Maximum Duty Cycle can be altered at OSC pin 







OVLO Threshold 

Overvoltage Lockout Threshold at which 
switching is inhibited 

• 

2.3 

2.5 

2.7 

V 


OVLO Input Bias Current 

OVLO = 2 V, Measured out of pin (Note 1) 

• 


1.0 

3.0 

mA 

Vfb 

FB Threshold Voltage 

l(V c ) = OmA 


4.425 

4.50 

4.575 

V 




• 

4.400 

4.50 

4.600 

V 


FB Input Bias Current 

FB = V FB (Note 2) 

• 

5 

10 

20 

,iA 


Change in FB Input 

FB = V FB , V c = IV to 4V (Note 2) 


8 

11 

13 

jliA/V 


Bias Current with Change in Vc 


• 

7 

11 

14 

p.A/V 


FB Threshold Line Regulation 

10V < V| N < 30V 

• 


0.025 

0.05 

%/V 

gm 

Error Amp Transconductance 

Al(V c ) = ±50fiA 


9k 

12k 

16k 

p.mho 




• 

6k 

12k 

18k 

(imho 

Av 

Error Amp Voltage Gain 

IV < V c < 3V 

• 

500 

1250 


V/V 


Vq Switching Threshold 

Switch Duty Cycle = 0% 

• 

0.85 

1.25 

1.4 

V 


Shutdown Threshold Voltage 


• 

50 

150 

250 

mV 


Error Amp Source Current 


• 

150 

275 


liA 


Error Amp Sink Current 


• 

1.5 

3 

4.5 

mA 


Error Amp Clamp Voltage 

FB = 4.75V 

• 

0.3 

0.7 

0.9 

V 



FB = 4.0V 

• 

4.2 

4.4 

4.6 

V 


Soft-Start Charging Current 

SS = 0V 

• 

25 

40 

60 

pA 


Soft-Start Reset Current 

V [N = 6V, SS = 0.3V 

• 

1 2 

mA 


Output Switch Leakage 

V SW = 45V 

• 



500 

pA 


(LT1103) 

V S w = 1 5V 

• 



200 

HA 

BV 

Switch Breakdown Voltage 
(LT1103) 

l B w = 5mA 

• 

50 

70 


V 


Vsw Current Limit (LT1 103) 

Duty Cycle = 25% (Note 3) 

• 

2.0 

2.5 

3.0 

A 


Output Switch ON 

Resistance (LT1103) 


• 


0.4 

0.75 

Q 

AIin 

Iq Increase During Switch ON Time 

lsw = 0.5A to 1.5A 

• 


30 

50 

mA/A 

Alsw 

(LT1103) 








Switch Output High Level 

Isw -200mA, V GAT E = 15V 

• 

13.0 

13.5 


V 


(LT1105) 

l SW = 750mA, V GA te = 15V 

• 

12.5 

13.2 


V 


Switch Output Low Level 

Isw = 200mA 

• 


0.25 

0.50 

V 


(LT1105) 

Isw = 750mA 

• 


0.75 

1.50 

V 


Rise Time (LT1105) 

CL = lOOOpF 


50 

ns 


Fall Time (LT1105) 

CL = lOOOpF 


20 

ns 


4-270 


xru m 





LT1103/LT1105 


€L€CTRICRl CHARACTERISTICS 

Vim = 20V, Vc = 0.85V, OVLO = OV, V S w Open, T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITONS 

MIN 

TYP 

MAX 

UNIT 


Ilim Threshold Voltage (LT1105) 

Duty Cycle = 25% (Note 4) 

• 

300 

375 

450 

mV 


Low Switch Drive Lockout 

Threshold 

Measured at Vsw (LT1 103) 

Measured at 15V Gate Bias Reference (LT1105) 

• 

9.0 

9.5 

10.5 

V 


High Switch Drive Lockout 

Threshold 

Measured at Vsw (LT1103) 

Measured at 15V Gate Bias Reference (LT1105) 

• 

17.0 

18.5 

20.0 

V 


The • denotes specifications which apply over the full operating Note 3: Current limit on Vsw is constant for DC < 35% and decreases for 

temperature range. DC > 35% due to internal slope compensation circuity. The LT1 1 03 switch 

Note 1: The OVLO pin is clamped with a 5.5V Zener and can sink a current limit is given by l UM = 1 .76 (1 .536 - DC) above 35% duty cycle, 

maximum input current of 1 mA. Note 4: The current limit threshold voltage is constant for DC < 35% and 

Note 2: FB input bias current changes as a function of the V c pin voltage. decreases for DC > 35% due to internal slope compensation circuitry. The 
Rate of change of FB input bias current is 1 1juAA/ of change on V c . By LT1105 switch current limit threshold voltage is given by V UM = 0.225 

including a resistor in series with the FB pin, load regulation can be set 0 ~ DC) a &ove 35% duty cycle, 

to zero. 
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OVLO INPUT BIAS CURRENT (pA) PRESET SWITCH DUTY CYCLE (%) V|n STARTUP THRESHOLD (V) 


LT 1 1 03/LT 1 1 05 


TVPICfll PCRFORfllRRCC chrrrctcristics 


V| N Start-Up Threshold vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 175 
TEMPERATURE (°C) 

LT1103G07 


Vin Shutdown Threshold vs 
Temperature 
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TEMPERATURE (°C) 


Output Switch Frequency vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LT1103G0B 


LT1103 G09 


Preset Switch Maximum Duty 



-75-50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 


Switch Oscillator Frequency vs 
Capacitance 



100 1000 10000 
CAPACITANCE (pF) 


Overvoltage Lockout Threshold vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 175 
TEMPERATURE (°C) 


LT1103G10 


LT1103G11 


LT1103G12 


OVLO Input Bias Current vs 
Temperature 
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TEMPERATURE (°C) 


Soft-Start Charging Current vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 175 
TEMPERATURE (°C) 


Soft-Start Reset Current vs 
Temperature 



0 I I I I I I I I I l_ I 

-75 -50 -25 0 25 50 75 100 125 150 175 
TEMPERATURE (°C) 


LT1103G14 


LT1103 G15 
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15V GATE BIAS SHORT CIRCUIT CURRENT (mA) 


LT 1103 /LT 1105 


TVPICRl P€RFORmnnC€ CHRRflCT€MSTICS 


5V Reference Voltage vs 
Temperature 



4_ 80 I 1 1 1 1 1 1 1 1 1 1 

-75 -50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 


5V Load Regulation vs 
Temperature 



0 I I I I I I I I , ^T— 1 I 

-75 -50 -25 0 25 50 75 100 125 150 175 


TEMPERATURE (°C) 


LT1103G16 


LT1103G17 


5V Line Regulation vs 
Temperature 



o i i i i i i i i I I I 

-75 -50 -25 0 25 50 75 100 125 150 175 
TEMPERATURE (°C) 


LT 1103 G18 


5V Reference Short Circuit 



-75 -50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 


15V Gate Bias Reference vs 
Temperature 



13.8 1 L_J l—l LJ LJ 1 1 

-75 -50 -25 0 25 50 75 100 125 150 175 


TEMPERATURE (°C) 


15V Gate Bias Dropout Voltage vs 
Temperature 



o i i i i I i i I I I I 

-75 -50 -25 0 25 50 75 100 125 150 175 
TEMPERATURE (°C) 


LT1103 G19 


LT1103 G21 



15V Gate Bias Short Circuit 
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TEMPERATURE (°C) 


Low Switch Drive Lockout 
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Error Amplifier Source Current vs 
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Error Amplifier Low Clamp 
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LT1103 Output Switch Leakage 
Current vs Temperature 
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LT1105 Current Limit Threshold 
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LT1103 

FB: The Feedback pin is the inverting input to the sampling 
error amplifier. The noninverting input is tied to a 4.5V 
reference. The FB pin is used for output voltage sensing. 
The input bias current is a function of the control pin Vc 
voltage and can be used for load regulation compensation 
by including a resistor in series with the FB pin. The 
sampling error amplifier has atypical gm of 0.012 mhos 
and the output of the sampling error amplifier has asym- 
metrical slew rate to reduce overshoot during startup 
conditions or following the release of an output overload. 

V<;: The Vc control pin is used for frequency compensa- 
tion, current limiting and shutdown. It is the high imped- 
ance output of the sampling error amplifier and the input 
of the current limit comparator. 

GND: The Ground pin acts as both the negative sense point 
for the internal sampling error amplifier feedback signal 
and as the high current path for the 2A switch. Also, the 
case of the 7-lead TO-220 is connected to ground. Proper 
connections to ground for signal paths and high current 
paths must be made in order to insure good load regula- 
tion. 

OSC: The Oscillator pin sets the operating frequency of the 
regulator with one external capacitorto ground. Maximum 


duty cycle can also be adjusted by using an external 
resistor to alter the charge/discharge ratio. 

V| N : The Input Supply pin is designed to operate with 
voltages of 12V to 30V. The supply current is typically 
200|iA up to the startup threshold of 1 6 V. Normal operat- 
ing supply current is fairly flat at 18mA down to the 
shutdown threshold of 7 V. Switching is inhibited for Vim 
less than 12 V due to the gate drive detection circuit. 

15V: A 1 5 V reference is used to bias the gate of an external 
power FET. The voltage temperature coefficient is typically 
3mV/°C and the output can source 30mA. Typical dropout 
voltage is 1.5V for Vin less than 17V and 30mA of load 
current. 

V$w: The Switch Output pin is the collector of the internal 
NPN power switch. This pin has a typical ON resistance of 
0.4Q and a minimum breakdown voltage of 50V. This pin 
also ties to the FET gate drive detection circuit. 

LT1105 

All functions on the LT1105 are equivalent to the LT1103 
with the exception of the Vsw P' 11 and the Ium pin and the 
availability of the OVLO, 5V, and SS functions. 

OVLO: The Overvoltage Lockout pin inhibits switching 
when the pin is pulled above its threshold voltage of 2.5V. 
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OVLO is implemented with a resistor divider network from 
the rectified DC line and is used to protect the external FET 
from an overvoltage condition in the off state. This func- 
tion is only available on the 14-lead DIP. 

5V: A 5 V reference is available to power primary-side 
circuitry. The temperature coefficient is typically 50ppm/ 
°C and the output can source 25mA. This function is avail- 
able on the 14-lead DIP and the 20-pin fused SO. 

SS: The Soft-start pin is used to either program start-up 
time with a capacitor to ground or to set external current 
limit with a resistor divider. The SS pin has a 40pA pullup 
current and is reset to OV by a 1mA pulldown current 


during startup and shutdown. This function is only avail- 
able on the 14-lead DIP. 

V$w: The Switch Output pin is the output of a 1A NPN 
totem pole stage. The Vsw pin turns the external FET on by 
pulling its gate high. Break-Before-Make action of 200ns 
on each switch edge is built in to eliminate cross-conduc- 
tion currents. 

•lim : The Ium pin is the input to the current limit amplifier 
and requires the use of a non-inductive, power sense 
resistorfrom Ium to ground to set current limit. The typical 
current limit threshold voltage is 350mV. The typical input 
bias current is 1 OOpA out of the pin. 
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LT1103 

The LT1 1 03 is a current-mode switcher. Switch duty cycle 
is controlled by switch current rather than directly by the 
output voltage. Referring to the block diagram, the switch 
is turned on at the start of each oscillator cycle. It is turned 
off when switch current reaches a pre-determined level. 
Control of output voltage is obtained by using the output 
of a voltage sensing error amplifier to set current trip level. 
This technique has several advantages. First, it has imme- 
diate response to input voltage variations, unlike ordinary 
switchers which have notoriously poor line transient re- 
sponse. Second, it reduces the 90° phase shift at mid- 


frequencies in the transformer. This greatly simplifies 
closed loop frequency compensation under widely vary- 
ing input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide 
maximum switch protection under output overload or 
short-circuit conditions. 

A start-up loop with hysteresis allows the 1C supply 
voltage to be bootstrapped from an extra primary-side 
winding on the powertransformer. From OVto 1 6V on Vim, 
the LT1 1 03 is in a pre-start mode and total input current 
is typically 200p.A. Above 16V, up to 30V, the 6 V regulator 
that biases the internal circuitry and the externally avail- 
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able 15V regulator is turned on. The internal circuitry 
remains biased on until Vin drops below 7V and the part 
returns to the pre-start mode. Output switching stops 
when the Vsw drive is less than 1 0V corresponding to Vin 
of about 12V. 

The oscillator provides the basic clock for all internal 
timing. Frequency is adjustable to 200kHz with one exter- 
nal capacitor from OSC to ground. The oscillator turns on 
the output switch via the logic and driver circuitry. Adap- 
tive anti-sat circuitry detects the onset of saturation in the 
power switch and adjusts driver current instantaneously 
to limit switch saturation. This minimizes driver dissipa- 
tion and provides very rapid turn-off of the switch. 

The LT1 1 03 is designed to drive the source of an external 
power FET in common-gate configuration. The 1 5 V regu- 
lator biases the gate to guarantee the FET is on when the 
switch is on. Special drive detection circuitry senses the 
gate bias voltage and prevents the output switch from 
turning on if the gate voltage is less than 10V or greater 
than 20V, the industry standards for power MOSFET 
operation. 

The switch current is sensed internally and amplified to 
trip the comparator and turn off the switch according to 
the Vq pin control voltage. A blanking circuit suppresses 
the output of the current limit comparator for 500ns at the 
beginning of each switch cycle. This prevents false trip- 
ping of the comparator due to current spikes caused by 
external parasitic capacitance and diode stored charge. 

The 4.5V Zener-based reference biases the positive input 
of the sampling error amplifier. The negative input (FB) is 
used for output voltage sensing. The sampling error 
amplifier allows the LT1103 to operate in fully-isolated 
flyback mode by regulating from the flyback voltage of the 
bootstrap winding. The leakage inductance spike at the 
leading edge of the flyback waveform is ignored with a 
blanking circuit. The flyback waveform is directly propor- 
tional to the output voltage in a transformer-coupled 
flyback topology. Output voltages are fully floating up to 
the breakdown voltage of the transformer windings. Mul- 
tiple floating outputs are easily obtained with additional 
windings. 


The error signal developed at the comparator input is 
brought out externally. This Vc pin has three functions 
including frequency compensation, current limit adjust- 
ment, and total regulator shutdown. During normal opera- 
tion, this pin sits at a voltage between 1.2V (low output 
current) and 4.4V (high output current). The error ampli- 
fier is a current output (gm) type, so this voltage can be 
externally clamped for adjusting current limit. Switch duty 
cycle goes to zero if the V c pin is pulled to ground through 
a diode, placing the LT1 1 03 in an idle mode. Pulling the Vc 
pin below 0.15V causes total regulator shutdown and 
places the LT1103 in a pre-start mode. 

LT1105 

The LT1 1 05 is a current-mode switcher. Switch duty cycle 
is controlled by switch current rather than directly by 
output voltage. Referring to the block diagram, the switch 
is turned on at the start of each oscillator cycle. It is turned 
off when switch current reaches a pre-determined level. 
Control of output voltage is obtained by using the output 
of a voltage sensing error amplifierto set current trip level. 
This technique has several advantages. First, it has imme- 
diate response to input voltage variations, unlike ordinary 
switchers which have notoriously poor line transient re- 
sponse. Second, it reduces the 90° phase shift at mid- 
frequencies in the transformer. This greatly simplifies 
closed loop frequency compensation under widely vary- 
ing input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide 
maximum switch protection under output overload or 
short-circuit conditions. 

A start-up loop with hysteresis allows the 1C supply 
voltage to be bootstrapped from an extra primary-side 
winding on the powertransformer. From 0V to 1 6 V on V| N , 
the LT1 1 05 is in pre-start mode and total input current is 
typically 200|xA. Above 16V, up to 30V, the 6V regulator 
that biases the internal circuitry and the externally avail- 
able 5 V and 15V regulators are turned on. The internal 
circuitry remains biased on until Vin drops below 7 V and 
the part returns to pre-start mode. Output switching stops 
when the 15V gate bias reference is less than 10V corre- 
sponding to Vin of about 1 2 V. 
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The oscillator provides the basic clock for all internal 
timing. Frequency is adjustable to 200kHz with one exter- 
nal capacitor from OSC to ground. The oscillator turns on 
the output switch via the logic and driver circuitry. 

The LT1105 is designed to drive the gate of an external 
power FET in common-source configuration. The drivers 
and the 1 A maximum totem-pole output stage are biased 
from the 15V gate bias reference. Special drive detection 
circuity senses the gate bias reference voltage and pre- 
vents the output switch from turning on if this voltage is 
less than 10V or greater than 20V. Break-Before-Make 
action of 200ns is built into each switch edge to eliminate 
cross conduction currents. 

Switch current is sensed externally through a precision, 
power resistor. This allows for greater flexibility in switch 
current and output power than allowed by the LT1 1 03. The 
voltage across the sense resistor is fed into the Ium pin and 
amplified to trip the comparator and turn off the switch 
according to the Vc pin control voltage. A blanking circuit 
suppresses the output of the current limit comparator for 
500ns at the beginning of each switch cycle. This prevents 
false tripping of the comparator due to current spikes 
caused by external parasitic capacitance and diode stored 
charge. 

A 4.5V Zener-based reference biases the positive input of 
the sampling error amplifier. The negative input (FB) is 
used for output voltage sensing. The sampling error 
amplifier allows the LT1105 to operate in fully-isolated 
flyback mode by regulating the flyback voltage of the 
bootstrap winding. The leakage inductance spike at the 


leading edge of the flyback waveform is ignored with a 
blanking circuit. The flyback waveform is directly propor- 
tional to the output voltage in the transformer-coupled 
flyback topology. Output voltages are fully floating up to 
the breakdown voltage of the transformer windings. Mul- 
tiple floating outputs are easily obtained with additional 
windings. 

The error signal developed at the comparator input is 
brought out externally. The Vc pin has three functions 
including frequency compensation, current limit adjust- 
ment, andtotal regulator shutdown. During normal opera- 
tion, this pin sits at a voltage between 1.2V (low output 
current) and 4.4V (high output current). The error ampli- 
fier is a current output (gm) type, so this voltage can be 
externally clamped for adjusting current limit. Switch duty 
cycle goes to zero if the Vc pin is pulled to ground through 
a diode, placing the LT1 105 in an idle mode. Pulling the Vc 
pin below 0.15V causes total regulator shutdown and 
places the LT1105 in pre-start mode. 

The SS pin implements soft-start with one external capaci- 
tor to ground. The internal pullup current and clamp 
transistor limit the voltage at Vc to one diode drop above 
the voltage at the SS pin, thereby controlling the rate of rise 
of switch current in the regulator. The SS pin is reset to 0V 
when the LT1 105 is in pre-start mode. 

A final protection feature includes overvoltage lockout 
monitoring of the main supply voltage on the OVLO pin. If 
the OVLO pin is greater than 2.5V, the output switch is 
prevented from turning on. This function can be disabled 
by grounding the OVLO pin. 
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Bootstrap Start 

It is inefficient as well as impractical to power a switching 
regulator control 1C from the rectified DC input as this 
voltage is several hundred volts. Self-biased switching 
regulator topologies take advantage of a lower voltage 
auxiliary winding on the powertransformerorinductorto 
power the regulator, but require a startup cycle to begin 
regulation. 


Start-up circuitry with hysteresis built into the LT1103/ 
LT1105 allows the input voltage to increase from 0V to 
16V before the regulator tries to start. During this time the 
startup current of the switching regulator is typically 
200p.A and all internal voltage regulators are off. The low 
quiescent current allows the input voltage to be trickled up 
with only 500pA of current from the rectified DC line 
voltage, thereby minimizing power dissipation in the startup 
resistor. At 1 6V, the internal voltage regulators are turned 
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on and switching begins. If enough power feeds back 
through the auxiliary winding to keep the input voltage to 
the switching regulator above 12V, then switching 
continues and a bootstrap start is accomplished. If the 
input voltage drops below 1 2 V, then the FET drive detection 
circuit locks out switching. The input voltage continues to 
fall as the V| N bypass capacitor is discharged by the 
normal quiescent current of the LT1 103/LT1 105. Once the 
inputvoltagefalls below 7V, the internal voltage regulators 
are turned off and the switching regulator returns to the 
low startup current state. A continuous “burp start” mode 
indicates a fault condition or an incomplete power loop. 

The trickle current required to bootstrap the regulator 
input voltage is typically generated with a resistorfrom the 
rectified DC input voltage. When combined with the 
regulator input bypass capacitor, the startup resistor 
creates a ramp whose slope governs the turn-on time of 
the regulator as well as the period of the “burp start” mode. 
The design trade-offs are power dissipated in the trickle 
resistor, the turn-on time of the regulator, and the hold-up 
time of the regulator input bypass capacitor. The value of 
the startup resistor is set by the minimum rectified DC 
input voltage to guarantee sufficient startup current. The 
recommended minimum trickle current is 500pA. The 
power rating of the startup resistor is set by the maximum 
rectified DC input voltage. A final consideration for the 
startup resistor is to insure that the maximum voltage 
rating of the resistor is not exceeded. Typical carbon film 
resistors have a voltage rating of 250V. The most reliable 
and economical solution forthe startup resistor is generally 
provided by placing several 0.25W resistor in series. 

The LT1103/LT1105 is designed to operate with supply 
pin voltages up to 30V. Flowever, the auxiliary bias winding 
should be designed for a typical output voltage of 1 7 V to 
minimize 1C power dissipation and efficiency loss. 
Allowances must also be made for cross regulation of the 
bias voltage due to variations in the rectified DC line 
voltage and output load current. 

Soft-Start 

Soft-start refers to the controlled increase of switch current 
from a startup or shutdown state. This allows the power 


supply to come up to voltage in a controlled manner and 
charge the output capacitor without activating current 
limit. In general, soft-start is not required on the LT1105 
due to the design of the sampling error amplifier gm stage 
which generates asymmetrical slew capability on the Vq 
pin. 

This feature exhibits itself as a typical 3mA sink current 
capability on the Vc pin whereas source current is only 
275pA. The low gm of the error amplifier allows small- 
valued compensation capacitors to be used on V c . This 
allows the sink current to slewthe compensation capacitor 
quickly. Therefore, overshoot of the output voltage on 
startup sequences and recovery from overload or short 
circuit conditions is prevented. Flowever, if alongerstartup 
period is required, the soft-start function can be used. 

Soft-start is implemented with an internal 40pA pullup and 
a transistor clamp on the Vc pin so that a single external 
capacitor from SS ground can define the linear ramp 
function. The voltage at Vc is limited to one Vbe above the 
Soft-start pin (SS). The time to maximum switch current 
is defined as the capacitance on SS multiplied by the active 
range in volts of the Vc pin divided by the pullup current: 

C*(3.2V) 

40piA 

SS is reset to OV whenever Vin is less than 7 V (pre-start 
mode) or when shutdown is activated by pulling Vc below 
0.15V. The SS pin has a guaranteed reset sink current of 
1 mA when either the regulator supply voltage V| N falls 
below 7 V or the regulator is placed in shutdown. 

Shutdown 

The LT1 1 03/LT11 05 can be put in a low quiescent current 
shutdown mode by pulling Vc below 150mV. In the 
shutdown mode the internal voltage regulators are turned 
off, SS is reset to OV and the part draws less than 200nA. 
To initiate shutdown, about 400pA must be pulled out of 
Vc until the internal voltage regulators turn off. Then, less 
than 50pA pulldown current is required to maintain 
shutdown. The shutdown function has about 60mV of 
hysteresis on the Vc pin before the part returns to normal 


XT UKflB 


4-281 





LT 1 1 03/LT 1 1 05 


nppiicfmons mFORmnnon 

operation. Soft-start, if used, controls the recovery from 
shutdown. 

5V Reference 

A5V reference output is availableforthe user’s convenience 
to power primary-side circuitry or to generate a clamp 
voltage for switch current limiting. The output will source 
25mA and the voltage temperature coefficient is typically 
50ppm/°C. If bypassing of the 5 V reference is required, a 
O.lpF is recommended. Values of capacitance greater 
than IpF may be susceptible to ringing due to decreased 
phase margin. In such cases, the capacitive load can be 
isolated from the reference output with a small series 
resistor at the expense of load regulation performance. 

Overvoltage Lockout 

The switching supply and primarily the external power 
MOSFET can be protected from an extreme surge of the 
input line voltage with the overvoltage lockout feature 
implemented on the OVLO pin. If the voltage on OVLO rises 
above its typical threshold voltage of 2.5V, output switching 
is inhibited. This feature can be implemented with a 
resistive divider off of the rectified DC input voltage. This 
feature is only available on the LT1105 in the 14-lead DIP 
and must be tied to ground if left unused. 

Ground (LT1103) 

The ground pin of the LT1 1 03 is important because it acts 
as the negative sense point for the internal error amplifier 
feedback signal, the negative sense point for the current 
limit amplifier and as the high current path for the 2A 
switch. The tab of the 7-lead TO-220 is internally connected 
to ground (pin 4). 

To avoid degradation of load regulation, the feedback 
resistor divider string and the reference side of the bias 
winding should be directly connected to the ground pin on 
the package. These ground connections should not be 
mixed with high current carrying ground return paths. The 
length of the switch current ground path should be as 
short as possible to the input supply bypass capacitor and 
low resistance for best performance. The case of the 


LT1103 package is desirable to use as the high current 
ground return path as this isalower resistive and inductive 
path than that of the actual package pin and will help 
minimize voltage spikes associated with the high dl/dt 
switch current. 

Avoiding long wire runs to the ground pin minimizes load 
regulation effects and inductive voltages created by the 
high dl/dt switch current. Ground plane techniques should 
also be used and will help keep EMI to a minimum. 
Grounding techniques are illustrated in the Typical 
Applications section. 

Ground (LT1105) 

The ground pin of the LT1105 is important because it acts 
as the negative sense point for the internal error amplifier 
feedback signal and as the negative sense point for the 
current limit amplifier. The LT 1 1 05 8-pin MiniDIP has pin 
1 as its ground. The LT1 105 14-pin DIP has pin 1 and pin 
7 as grounds and must be tied togetherfor proper operation. 

To avoid degradation of load regulation, the feedback 
resistor divider should be directly connected to the package 
ground pin. These ground connections should not be 
mixed with high current carrying ground return paths. The 
length of the switch current ground path should be as 
short as possible to the input supply bypass capacitor and 
low resistance for best performance. This will help minimize 
voltage spikes associated with the high dl/dt switch current. 

Avoiding long wire runs to the ground pin minimizes load 
regulation effects and inductive voltages created by the 
high dl/dt switch current. Ground plane techniques should 
also be used and will help keep EMI to a minimum. 
Grounding techniques are illustrated in the Typical 
Applications section. 

Oscillator 

The oscillator of the LT 1 1 03/LT1 1 05 is a linear ramp type 
powered from the internal 6 V bias line. The charging 
currents and voltage thresholds are generated internally 
so that only one external capacitor is required to set the 
frequency. The 150pA pullup current, which is on all the 
time, sets the preset maximum on-time of the switch and 
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the 450pA pulldown current which is turned on and off, 
sets the dead time. The threshold voltages are typically 2 V 
and 4.5V, so for a 400pF capacitorthe ramp-up time of the 
voltage on the OSC pin is 6.67|xs and the ramp-down time 
is 3.3ps, resulting in an operating frequency of 100kHz. 
Although the oscillator, as well as the rest of the switching 
regulator, will function at higher frequencies, 200kHz is 
the practical upper limit that will allow control range for 
line and load regulation. The lowest operating frequency is 
limited by the sampling error amplifier to about 10kHz. 

The frequency temperature coefficient is typically— 80ppm/ 
°C with a good low T.C. capacitor. This means that with a 
low temperature coefficient capacitor, the temperature 
coefficient of the currents and the temperature coefficient 
of the thresholds sum to -80ppm/°C over the commercial 
temperature range. Bowing in the temperature coefficient 
of the currents affects the frequency about ±3% at the 
extremes of the military temperature range. The capacitor 
type chosen will have a direct effect on the frequency 
tempco. 

Maximum duty cycle is set internally by the pullup and 
pulldown currents, independent of frequency. It can be 
adjusted externally by modifying the fixed pullup current 
with an additional resistor. In practice, one resistor from 
the OSC pin to the 5 V reference or to ground does the job. 
Note that the capacitor value must change to maintain the 
same frequency. For example, a 24k resistor from 5 V to 
OSC and a 440pF capacitor from OSC to ground will yield 
1 00kHz with 50% maximum duty cycle. A 56k resistor and 
a 280pF capacitor from OSC to ground will yield 100 kHz 
with 80% maximum duty cycle. 

The oscillator can be synchronized to an external clock by 
coupling a sync pulse into the OSC pin. The width of this 
pulse should be a minimum of 500ns. The oscillator can 
only be synchronized upinfrequency and the synchronizing 
frequency must be greater than the maximum possible 
unsynchronized frequency (for the chosen oscillator 
capacitor value). The amplitude of the sync pulse m ust be 
chosen so that the sum of the oscillator voltage amplitude 
plus the sync pulse amplitude does not exceed the 6V bias 
reference. Otherwise, the oscillator pullup current source 
will saturate and erroneous operation will result. If the 


LT1 1 03/LT 1105 is positioned on the primary side of the 
transformerand the external clock on the isolated secondary 
output side, the sync signal must be coupled into the OSC 
pin using a pulse transformer. The pulse transformer must 
meet all safety/isolation requirements as it also crosses 
the isolation boundary. An example of externally 
synchronizing the oscillator is shown in the Typical 
Applications section. 

Gate Biasing (LT1103) 

The LT1 1 03 is designed to drive an external power MOSFET 
in the common-gate or cascode connection with the Vsw 
pin. The advantage is that the switch current can be sensed 
internally, eliminating a low-value, power sense resistor. 
The gate needs to be biased at a voltage high enough to 
guarantee that the FET is saturated when the open-collector 
source drive is on. This means 1 0Vas specified in FET data 
sheets, plus IV for the typical switch saturation voltage, 
plus a couple of volts for temperature variations and 
processing tolerances. This leads to 15V for a practical 
gate bias voltage. 

Power MOSFETs are well suited to switching power supplies 
because their high speed switching characteristics promote 
high switching efficiency. To achieve high switching speed, 
the gate capacitance must be charged and discharged 
quickly with high peak currents. In particular, the turn-off 
current can be as high as the peak switch current. The 
switching speed is controlled by the impedance seen by 
the gate capacitance. Practically speaking, zero impedance 
is not desirable because of the high frequency noise spikes 
introduced to the system. The gate bias should be bypassed 
with a 1[xF low ESR capacitor to ground and should have 
a 5Q resistor or larger in series with the gate to define the 
source impedance. 

The LT1 1 03 provides a 1 5V output intended for biasing the 
gate of the MOSFET. It will source 30mA into a capacitive 
load with no stability problems. The voltage temperature 
coefficient is +3mV/°C. If Vjn drops below 17V, the 15V 
output follows about 2.0V below Vin until the part shuts 
down. If the 1 5V output is pulled above 1 7.5V, it will sink 
5mA. 
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A special circuit in the LT1103 senses the voltage at Vgw 
prior to turning on the switch. Vsw is tied to the source of 
the FET and should represent the bias voltage on the gate 
when the switch is off. When the switch first turns off, the 
drain flies back until it is clamped by a snubber network. 
The source also flies high due to parasitic capacitive 
coupling on the FET and parasitic inductance of the leads. 
An extra diode from the source to the gate or Vin will 
provide insurance against fault conditions that might 
otherwise damage the FET. The diode clamps the source 
to one diode drop above the gate or Vug, thereby limiting 
the gate-source reverse bias. Once the energy in the 
leakage inductance spike is dissipated and the primary is 
being regulated to its flyback voltage, the diode shuts off. 
The source is then floating and its voltage will be close to 
the gate voltage. If the sensed voltage on Vsw is less than 
10V or greater than 20V, the circuit prevents the switch 
from turning on. This protects the FET from dissipating 
high power in a non-saturated state or from excessive 
gate-source voltage. The oscillator continues to run and 
the net effect is to skip switching cycles until the gate bias 
voltage is corrected. One consequence of the gate bias 
detection circuit is thatthe startup window is 6V if the gate 
is biased from Vug and to 4V if the gate is biased from the 
1 5 V output. This influences the size of the bypass capacitor 
on V|fj. 

Vsw Output (LT1 103) 

The Vsw pin of the LT1 103 is the collector of an internal 
NPN power switch. This NPN has a typical on resistance of 
0.4fland atypical breakdown voltage (BVcbo) of 75V. Fast 
switching times and high efficiency are obtained by using 
a special driver loop which automatically adapts base drive 
current to the minimum required to keep the switch in a 
quasi-saturated state. The key element in the loop is an 
extra emitter on the output power transistor as seen in the 
block diagram. This emitter carries no current when the 
NPN output transistor collector is high (unsaturated). In 
this condition, the driver circuit can deliver very high base 
drive to the switch for fast turn-on. When the switch 
saturates, the extra emitter acts as a collector of an NPN 


operating in inverted mode and pulls base current away 
from the driver. This linear feedback loop serves itself to 
keep the switch just at the edge of saturation. Very low 
switch current results in nearly zero driver current and 
high switch currents automatically increase driver current 
as necessary. The ratio of switch current to driver current 
is approximately 30:1 . This ratio is determined by the 
sizing of the extra emitter and the value of the current 
source feeding the driver circuitry. The quasi-saturation 
state of the switch permits rapid turn-off without the need 
for reverse base-emitter voltage drive. 

Gate Biasing (LT1105) 

The LT1 1 05 is designed to drive an external power MOSFET 
in the common-source configuration with the totem-pole 
output Vsw Pi n - The advantage is added switch current 
flexibility (limited only by the choice of external power 
FET) and higher output power applications than allowed by 
LT1 1 03. An external, non-inductive, power sense resistor 
must be used in series with the source of the FET to detect 
switch current and must be tied to the input of the current 
limit amplifier. The gate needs to be biased at a voltage 
high enough to guarantee that the FET is saturated when 
the totem-pole gate drive is on. This means 10V as 
specified in FET datasheets, plus the totem-pole high side 
saturation voltage plus a couple of volts for temperature 
variations and processing tolerances. This leads to 1 5 V for 
a practical gate bias voltage. 

PowerMOSFETsare well suitedto switching powersupplies 
because their high speed switching characteristics promote 
high switching efficiency. To achieve high switching speed, 
the gate capacitance must be charged and discharged 
quickly with high peak currents. In particular, the turn-off 
current can be as high as the peak switch current. The 
switching speed is controlled by the impedance seen by 
the gate capacitance. Practically speaking, zero impedance 
isnotdesirable because ofthehighfrequency noise spikes 
introduced to the system. The gate bias supply which 
drives the totem-pole output stage should be bypassed 
with a 1 jxF low ESR capacitor to ground. This capacitor 
supplies the energy to charge the gate capacitance during 
gate drive turn-on. The power MOSFET should have a 5Q 
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resistor or larger in series with its gate from the Vsw pin 
to define the source impedance. 

The LT1 1 05 provides a 1 5 V regulated output intended for 
driving the totem-pole output stage. It will source 30mA 
into a capacitive load with no stability problems. The 
output voltage temperature coefficient is +3mV/°C. If V| N 
drops below 1 7V, the 15V outputfollows about 2.0V below 
Vjm until the part shuts down. If the 15V output is pulled 
above 17.5V, it will sink 5mA. 

A special circuit in the LT1 1 05 senses the voltage at the 
15V regulated output prior to turning on the switch. The 
15V regulator drives the totem-pole output stage and the 
Vsw pin will pull the gate of the FET very close to the value 
of the 1 5 V output when Vsw turns on. Therefore, the 1 5 V 
output represents what the gate bias voltage on the FET 
will be when the FET is turned on. If the sensed voltage on 
the 15V output is less than 10V or greater than 20V, the 
circuit prevents the switch from turning on. This protects 
the FET from dissipating high power in a non-saturated 
state or from excessive gate-source voltage. The oscillator 
continues to run and the net effect is to skip switching 
cycles until the gate bias voltage is corrected. One 
consequence of the gate bias detection circuit is that the 
startup window is 4V. This influences the size of the 
bypass capacitor on V|«. 

V sw Output (LT1 105) 

The Vsw pin of the LT1 1 05 is the output of a 1 A totem-pole 
driver stage. This output stage turns an external power 
MOSFET on by pulling its gate high. Break-Before-Make 
action of 200ns is built into each switch edge to eliminate 
cross-conduction currents. Fast switching times and high 
efficiency are obtained by using a low loss output stage 
and a special driver loop which automatically adapts base 
drive current to the totem-pole low-side drive. The key 
element in the loop is an extra emitter on the output pull- 
down transistor as seen in the block diagram. This emitter 
carries no current when the low-side transistor collector 
is high (unsaturated). In this condition, the driver can 
deliververy high base drive to the outputtransistorforfast 
turn-off. When the low-side transistor saturates, the extra 
emitter acts as a collector of an NPN operating in inverted 


mode and pulls base current away from the driver. This 
linear feedback loop serves itself to keep the switch just at 
the edge of saturation. This results in nearly zero driver 
current. The quasi-saturation state of the low-side switch 
permits rapid turn-on of the external FET when Vsw pulls 
high. 

Fully-Isolated Flyback Mode 

A unique sampling error amplifier included in the control 
loop of the LT1 1 03/LT 1105 eliminates the need for an 
opto-isolator while providing+1% line and load regulation 
in a magnetic flux-sensed flyback converter. In this mode, 
the flyback voltage on the primary during “switch off” time 
is sensed and regulated. It is difficult to derive a feedback 
signal directly from the primary flyback voltage as this 
voltage is typically several hundred volts. A dedicated 
winding is not required because the bias winding for the 
regulator lends itself to flux-sensing. Flux-sensing made 
practical simplifies the design of offline power supplies by 
minimizing the total number of external components and 
reduces the components which must cross the isolation 
barrier to one, the transformer. This inherently implies 
greater safety and reliability. The transformer must be 
optimized for coupling between the bias winding and the 
secondary output winding(s) while maintaining the required 
isolation and minimizing the parasitic leakage inductances. 

Although magnetic flux-sensing has been used in the past, 
the technique has exhibited poor output voltage regulation 
due to the parasitics present in a transformer-coupled 
design. Transformers which provide the safety and isolation 
as required by various international safety/regulatory 
agenciesalso providethe poorestoutputvoltage regulation. 
Solutions to these parasitic elements have been achieved 
with the novel sampling error amplifier of the LT1103/ 
LT1 1 05. A brief review of flyback converter operation and 
the problems which create a poorly regulated output will 
provide insight on how the sampling error amplifier of the 
LT 1 1 03/LT 1 1 05 addresses the regulation issue of magnetic 
flux-sensed converters. 

The following figure shows a simplified diagram of a 
flyback converter using magnetic flux-sensing. The major 
parasitic elements present in the transformer-coupled 
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design are indicated. The relationships between the primary 
voltage, the secondary voltage, the bias voltage and the 
winding currents are indicated in the figures found on the 
following page for both continuous and discontinuous 
modes of operation. 


Simplified Flyback Converter 



Vbias 



N = TURNS RATIO FROM SECONDARY TO PRIMARY. 
N1 = TURNS RATIO FROM SECONDARY TO BIAS. 

N2 = N/N1 

L(lkp R |) = PRIMARY LEAKAGE INDUCTANCE. 

L(lksEC) = SECONDARY LEAKAGE INDUCTANCE. 

R = PARASITIC WINDING, DIODE AND OUTPUT 
CAPACITOR RESISTANCE. 


When the switch “turns on,” the primary winding sees the 
input voltage and the secondary and bias windings go to 
negative voltages as a function of the turns ratio. Current 
builds in the primary winding as the transformer stores 
energy. When the switch “turns off,” the voltage across 
the switch flies back to a clamp level as defined by a 
snubber network until the energy in the leakage induc- 
tance of the primary dissipates. Leakage inductance is one 
of the main parasitic elements in a flux-sensed converter 
and is modeled as an inductor in series with the primary 
and secondary of the transformer. These parasitic induc- 
tances contribute to changes in the bias winding voltage 
and thus the output voltage with increasing load current. 

The energy stored in thetransformertransfers through the 
secondary and bias windings during “switch off” time. 
Ideally, the voltage across the bias winding is set by the DC 
output voltage, the forward voltage of the output diode, 
and the turns ratio of the transformer after the energy in 
the leakage inductance spike of the primary is dissipated. 

This relationship holds until the energy in the transformer 
drops to zero (discontinuous mode) or the switch turns on 
again (continuous mode). Either case results in the volt- 


age across the secondary and bias windings decreasing 
to zero or changing polarity. Therefore, the voltage on the 
bias winding is only valid as a representation of the output 
voltage while the secondary is delivering current. 

Although the bias winding flyback voltage is a representa- 
tion of the output voltage, its voltage is not constant. For 
a brief period following the leakage inductance spike, the 
bias winding flyback voltage decreases due to nonlinearities 
and parasitics present in the transformer. Following this 
nonlinear behavior is a period where the bias winding 
flyback voltage decreases linearly. This behavior is easily 
explained. Current flow in the secondary decreases lin- 
early at a rate determined by the voltage across the 
secondary and the inductance of the secondary. The 
parasitic secondary leakage inductance appears as an 
impedance in series with the secondary winding. In addi- 
tion, parasitic resistances exist in the secondary winding, 
the output diode and the output capacitor. These imped- 
ances can be combined to form a lumped sum equivalent 
and which cause a voltage drop as secondary current 
flows. This voltage drop is coupled from the secondary to 
the bias winding flyback voltage and becomes more sig- 
nificant as the output is loaded more heavily. This voltage 
drop is largest at the beginning of “switch off” time and 
smallest just prior to either all transformer energy being 
depleted or the switch turning on again. 

The best representation of the output voltage is just prior 
to either all transformer energy being used up and the bias 
winding voltage collapsing to zero or just prior to the 
switch turning on again and the bias winding going 
negative. This point in time also represents the smallest 
forward voltage for the output diode. It is possible to 
redefine the relationship between the secondary winding 
voltage and the bias winding voltage as: 

(Vour+Vf + I-Rp) 

BIAS N1 

where Vf is the forward voltage of the output diode, I is the 
current flowing in the secondary, Ftp is the lumped sum 
equivalent secondary parasitic impedance and N1 is 
thetransformer turns ratio from the secondary to the bias 
winding. It is apparent that even though the above point in 
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Flyback Waveform for Continuous Mode Operation Flyback Waveform for Discontinuous Mode Operation 



VZENER 

PRIMARY SWITCH VOLTAGE 
[Vout + Vf + (l S EC • Rp)]/N 
V|N 

AREA “a” = AREA “b” TO MAINTAIN 
ZERO VOLTS ACROSS PRIMARY 
OV 



VZENER 

PRIMARY SWITCH VOLTAGE 
[V 0U T + Vf + (Isec- Rp)]/N 
V|N 

AREA “a” = AREA “b” TO MAINTAIN 
ZERO VOLTS ACROSS PRIMARY 

OV 



SECONDARY WINDING VOLTAGE 
[Vout + V f + (Isec • Rp)] 

OV 

AREA “C” = AREA “d” TO MAINTAIN 
ZERO VOLTS ACROSS SECONDARY 
N- Vin 



SECONDARY WINDING VOLTAGE 

[VouT + Vf+ (Isec • Rp)] 

OV 

AREA “c” = AREA “d” TO MAINTAIN 
ZERO VOLTS ACROSS SECONDARY 
N-V,n 



BIAS WINDING VOLTAGE 

[Vout + Vf + (Isec *Rp)]/Ni 
OV 

AREA “e” = AREA “f” TO MAINTAIN 
ZERO VOLTS ACROSS BIAS WINDING 
N2-V|n 
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time is the most accurate representation of the output 
voltage, the answer given by the bias winding voltage is 
still off from the “true” answer by the amount l*Rp/N1 . 

The sampling error amplifier of the LT1 1 03/LT 1 1 05 pro- 
vides solutions to the errors associated with the bias 
winding flyback voltage. The error amplifier is comprised 
of a leakage inductance spike blanking circuit, a slew rate 
limited tracking amplifier, a level detector, a sample and 
hold, an output gm stage and load regulation compensa- 
tion circuitry. This all seems complicated at first glance, 
but its operation is straightforward and transparent to the 
user of the 1C. When viewed from a system or block level, 
the sampling error amplifier behaves like a simple 
transconductance amplifier. Here’s how it works. 

The sampling error amplifier takes advantage of the fact 
that the voltage across the bias winding during at least a 
portion of switch-off time is proportional to the DC output 
voltage of the secondary winding. The feedback network 
used to sense the bias winding voltage is no longer 
comprised of a traditional peak detector in conjunction 
with a resistor divider network. The feedback network 
consists of a diode in series with the bias winding feeding 
the resistor divider network directly. The resultant error 
signal is then fed into the input of the error amplifier. The 
purpose of the diode in series with the bias winding is now 
not to peak detect, but to prevent the FB pin (input of the 
error amplifier) from being pulled negative and forward 
biasing the substrate of the 1C when the bias winding 
changes polarity with “switch turn-on.” 

The primary winding leakage inductance spike effects are 
first eliminated with an internal blanking circuit in the 
LT1 1 03/LT 1 1 05 which suppresses the input of the FB pin 
for 1 .5(is at the start of “switch off” time. This prevents the 
primary leakage inductance spike from being propagated 
through the error amplifier and affecting the regulated 
output voltage. 

With the effects of the leakage inductance spike elimi- 
nated, the effects of decreasing bias winding flyback 
voltage can be addressed. With the traditional diode/ 
capacitor peak detector circuitry eliminated from the feed- 
back network, the tracking amplifier of the LT 1 1 03/LT 1 1 05 
follows the flyback waveform as it changes with time and 


amplifies the difference between the flyback signal and the 
internal 4.5V reference. Tracking is maintained until the 
point in time where the bias winding voltage collapses as 
a result of all transformer energy being depleted (discon- 
tinuous mode) or the switch turning on again (continuous 
mode). The level detector circuit senses the fact that the 
bias winding flyback voltage is no longer a representation 
of the output voltage and activates an internal peak detec- 
tor. This effectively saves the most accurate representa- 
tion of the output voltage which is then buffered to the 
second stage of the error amplifier. 

The second stage of the error amplifier consists of a 
sample and hold. When the switch turns on, the sample 
and hold samples the buffered error voltage for Ijxs and 
then holds for the remainder of the switch cycle. This held 
voltage is then processed by the output gm stage and 
converted into a control signal at the output of the error 
amplifier, the Vc pin. 

The final adjustment in regulation is provided by the load 
regulation compensation circuitry. As stated earlier, out- 
put regulation degrades with increasing load current (out- 
put power). The effect is traced to secondary leakage 
inductance and parasitic secondary winding, diode and 
output capacitor resistances. Even though the tracking 
amplifier has obtained the most accurate representation of 
the output voltage, its answer is still flawed by the amount 
of the voltage drop across the secondary parasitic lumped 
sum equivalent impedance which is coupled to the bias 
winding voltage. This error increases with increasing load 
current. Therefore, a technique for sensing load current 
conditions has been added to the LT1103/LT1105. The 
switch current is proportional to the load current by the 
turns ratio of the transformer. A small current proportional 
to switch current is generated in the LT1 1 03/LT 1105 and 
fed back to the FB pin. This allows the input bias current of 
the sampling error amplifier to be a function of load 
current. A resistor in series with the FB pin generates a 
linear increase in the effective reference voltage with 
increasing load current. This translates to a linear increase 
in output voltage with increasing load current. By adjust- 
ing the value of the series resistor, the slope of the load 
compensation can be set to cancel the effects of these 
parasitic voltage drops. The feature can be ignored by 
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eliminating the series resistor and lowering the equivalent 
divider impedance to swamp out the effects of the input 
bias current. 

Frequency Compensation 

In order to prevent a regulator loop using the LT1103/ 
LT1105 from oscillating, frequency compensation is 
required. Although the architecture of the LT 1 1 03/LT 1 1 05 
is simple enough to lend itself to a mathematical approach 
to frequency compensation, the added complication of 
input/or output filters, unknown capacitor ESR, and gross 
operating point changes with input voltage and load current 
variations all suggest a more practical empirical approach. 
Many hours spent on breadboards have shown that the 
simplest way to optimize the frequency compensation of 
the LT 1 1 03/LT 1 1 05 is to use transient response techniques 
and an “R-C” box to quickly iterate toward the final 
compensation network. Additional information on this 
technique of frequency compensation can be found in 
Linear Technology’s Application Note 19. 

In general, frequency compensation is accomplished with 
an R-C series network on the Vc pin. The error amplifier 
has a Gm (voltage “in” to current “out”) of « 12000 
(xmhos. Voltage gain is determined by multiplying Gm 
times the total equivalent error amplifier output loading, 
consisting of the error amplifier output impedance in 
parallel with the series R-C external frequency 
compensation network. At DC, the external R-C can be 
ignored. The output impedance of the error amplifier is 
typically lOOkQ resulting in a voltage gain of = 1200. At 
frequencies just above DC, the voltage gain is determined 
by the external compensation, Rc and Cc. The gain at mid 
frequencies is given by: 


The gain at high frequencies is given by: 

A y = Gm • Rq 

Phase shift from the FB pin to the Vc pin is 90° at mid 
frequencies where the external Cc is controlling gain, then 
drops back to 0° (actually 180° since FB is an inverting 


input) when the reactance of Cc is small compared to Rc- 
Thus, this R-C series network forms a pole-zero pair. The 
pole is set by the high impedance output of the error 
amplifier and the value of Cc on the Vc pin. The zero is 
formed by the value of Cc and the value of Rc in series with 
Cc on the Vc pin. The R-C series network will have 
capacitor values in the range of O.ljxF — 1 .OjxF and series 
resistor values in the range of 100L2 - 1000L2. 

It is noted that the R-C network on the Vc pin forms the 
main compensation network for the regulator loop. How- 
ever, if the load regulation compensation feature is used as 
explained in the section on fully-isolated flyback mode, 
additional frequency compensation components are re- 
quired. The load regulation compensation feature involves 
the use of local positive feedback from the Vc pin to the FB 
pin. Thus, it is possible to add enough load regulation 
compensation to make the loop oscillate. In order to 
prevent oscillation, it is necessary to roll off this local 
positive feedback at high frequencies. This is accom- 
plished by placing a capacitor in parallel with the compen- 
sation resistor which is in series with the FB pin. A value 
for this capacitor in the range of O.OIjxF to 0.1p.F is 
recommended. The time constant associated with this R / 
C combination will be longer than that associated with the 
loop bandwidth. Thus, transient response will be affected 
in that settling time will be increased. However, this is 
typically not as important as controlling the absolute 
under or overshoot amplitude of the system in response to 
load current changes which could cause deleterious sys- 
tem operation. 

Switching Regulator Topologies 

Two basic switching regulator topologies are pertinent to 
the LT1103/LT1 105, the flyback and forward converter. 
The flyback converter employs a transformer to convert 
one voltage to either a higher or lower output voltage. Vqut 
in continuous mode is defined as: 

V 0 UT=V| N *N‘^y 
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where N is the transformer turns ratio of secondary to 
primary and DC is the duty cycle. This formula can be 
rewritten in terms of duty cycle as: 


DC = 


V OUT 

(V 0U T + N •Vj N ) 


It is important to define the full range of input voltage, the 
range of output loading conditions and the regulation 
requirements fora design. Duty cycle should be calculated 
for both minimum and maximum input voltage. 

In many applications, N can vary over a wide range without 
degrading performance. If maximum output power is 
desired, N can be optimized: 

Vout + Vf 

V M _V IN(MAX) ~ V SNUB 

where Vf = Forward voltage of the output diode 
Vm = Maximum switch voltage 
Vsnub = Snubber clamp level - primary flyback 
voltage. 

In the isolated flyback mode, the LT1 1 03/LT 1105 sense 
and regulate the transformer primary voltage Vpri during 
“switch off” time. The secondary output voltage will be 
regulated if Vpri is regulated. Vpri is related to Vout by: 

w _ ( v out + Vf ) 

Vrr,= u 

This allows duty cycle for an isolated flyback converter to 
be rewritten as: 

DC = Duty Cycle = 7 — — 

( v PRl + 

An important transformer parameter to be determined is 
the primary inductance Lpri. The value of this inductance 
is a trade-off between core size, regulation requirements, 
leakage inductance effects and magnetizing current Al. 
Magnetizing current is the difference between the primary 
current at the start of “switch on” time and the current at 
the end of “switch on” time. If maximum output power is 
needed, a reasonable starting value is found by assigning 
Al a value of 20% of the peak switch current (2A for the 



N (OPT) “ 


LT1103 and set by the external FET rating used with the 
LT1105). With this design approach, Lpri is defined as: 


l pri =' 


“IN 


mi 


i+ 


"IN 

VpRI ) 


If maximum output power is not required, then Al can be 
increased which results in lower primary inductance and 
smallermagnetics.Maximumoutputpowerwith an isolated 
flyback converter is defined by the primary flyback voltage 
and the peak allowed switch current and is limited to: 


^OUT (MAX) “ 


( V PRl) 
( V PRI +V In) 


V|N 




where R = Total “switch” ON resistance 
Ip = Maximum switch current 
E = Overall efficiency = 75% 

Peak primary current is used to determine core size forthe 
transformer and is found from: 

I _ (MjUT )QoUT )(VpRI + V|N ) , Al 
PRI E(V P r,)(V in ) 2 

A second consideration on primary inductance is the 
transition point from continuous mode to discontinuous 
mode. At light loads, the flyback pulse across the primary 
will drop to zero before the end of switch “off” time. The 
load current at which this starts to occur can be calculated 
from: 

. _ ( v pri* v in) 2 

■OUT(TRANSITION) = — J— 7777, 7 

( v pri +v in) ( 2V out)(0( l pri) 

The forward converter as shown below is another 
transformer-based topology that converts one voltage to 
either a higher or a lower voltage. 

Vqut in continuous mode is defined as: 

Vout = Vin • N • DC 
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Simplified Forward Converter 

LI 



The secondary voltage charges up LI through D1 when SI 
is on. When SI is off, energy in LI is transferred through 
free-wheeling diode D2 to Cl. The extra transformer 
winding and diode D3 are needed in a single switch 
forward converter to define the switch voltage when SI is 
off. This “reset” winding limits the maximum duty cycle 


allowed for the switch. This topology trades off reduced 
transformer size for increased complexity and parts count. 
A separate isolated feedback path is required for full 
isolation from input to output because voltages on the 
primary are no longer related to the DC output voltage 
during switch off time. 

The isolated feedback path can take several forms. A 
second transformer in a modulator/demodulator scheme 
provides the isolation, but with significant complexity. An 
opto-isolator can be substituted for the transformer with 
a savings in volume to be traded off with component 
variations and possible aging problems with the opto- 
isolatortransferfunction. Finally, an extra winding closely 
coupled to the output inductor LI can sense the flux in this 
element and give a representation of the output voltage 
when SI is off. 
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LT1103 FET Connection 



Setting Oscillator Frequency 



CHOOSE 20kHz < F 0S c < 200kHz 

c osc = -SL. = — ! = ...IQQe a .- 

F 0 SC (AV)(Fosc) (2.5V) (Fqsc) 

DC s 0.66 => 66% 


LT1105 FET Connection 



Setting Overvoltage Lockout 

OVLOth 



CHOOSE OVLOth 
LET R1 = 5k 




R1 


uvm 
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Decreasing Oscillator 
Maximum Duty Cycle 


Increasing Oscillator 
Maximum Duty Cycle 


Synchronizing Oscillator Frequency 
to an External Clock 



CHOOSE 0 < DC < 0.66 
SOLVE FOR X => X = ™ 


0 <X <3 



CHOOSE 0.66 < DC < 1.0 
SOLVE FOR X => X = « 
0 < X < 1.5 



ISOLATION 

BOUNDARY 


=»I 1 =X-I = X- 100 mA 
=> R = 


1 . 75 V 

II 


„ 100 |xA 

° 0SC= ( 2 . 5 V)(F 0SC ) 


( 3 X- 2 X 2 ^ 

9 


=>11 = X • I = X • IOOjliA 


Cqsc = 


3 . 25 V 

II 

IQOuA 

(2.5V)(Fosc) < 


( 3 X + 2 X 2 ) 
9 


LT1103 Ground Connections 



15 V 

" 1 _ 



V|N 

1 swnon uuMhitiMi ram 

r\ 

osc 

1 KttK KtbISIAIMUt LUW 


Vc 

FB 

•~r zr rs 


LT 1 103 TA 1 la 

v sw 

1 

< 

< 

1 

► 

► 



TO BIAS ■ 


WINDING OUTPUT GND 


SEPARATE 



TO BIAS GND 

WINDING OUTPUT 


1105 Ground Connections 



GND ^ 

w_... 

_ Ilim 

V SW J 

] 

C fb 

V|N ] 

[ Vc 

] 


TO BIAS 
WINDING 
OUTPUT 
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TYPICAL APPUCATIOnS 


Minimum Parts Count Fully-Isolated Flyback 100kHz 50W Converter 


OPTIONAL OUTPUT FILTER 
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TECHNOLOGY 


Micropower 
DG/DC Converter 
Adjustable and Fixed 5V 12V 


FCflTUfttS 

■ Operates at Supply Voltages from 2V to 30V 

■ Consumes Only 320pA Supply Current 

■ Works in Step-Up or Step-Down Mode 

■ Only Three External Components Required 

■ Low-Battery Detector Comparator On-Chip 

■ User Adjustable Current Limit 

■ Internal 1 A Power Switch 

■ Fixed or Adjustable Output Voltage Versions 

■ Space Saving 8-Pin MiniDIP or SO-8 Package 

RPPUCflTIOnS 

■ Palmtop Computers 

■ 3V to 5V, 5V to 12 V Converters 

■ 24V to 5 V, 12V to 5V Converters 

■ LCD Bias Generators 

■ Peripherals and Add-On Cards 

■ Battery Backup Supplies 

■ Cellular Telephones 

■ Portable Instruments 


DCSCRIPTIOn 

The LT1107 is a versatile micropower DC/DC converter. 
The device requires only three external components to 
deliver a fixed output of 5V or 1 2V. Supply voltage ranges 
from 2 V to 1 2V in step-up mode and to 30V in step-down 
mode. The LT1 1 07 functions equally well in step-up, step- 
down, or inverting applications. 

The LT1 1 07 is pin-for-pin compatible with the LT1 1 1 1 , but 
has a duty cycle of 70%, resulting in increased output 
current in many applications. The LT1107 can deliver 
1 50mA at 5 V from a 2AA cell input and 5V at 300mA from 
24V in step-down mode. Quiescent current is just 320pA, 
making the LT1107 ideal for power-conscious battery- 
operated systems. The 63kHz oscillator is optimized to 
work with surface mount inductors and capacitors. 

Switch current limit can be programmed with a single 
resistor. An auxiliary gain block can be configured as a 
low-battery detector, linear post regulator, undervoltage 
lock-out circuit, or error amplifier. 


TYPICAL flPPUCOTIOn 


Palmtop Computer Logic Supply 


Efficiency 




1 10 100 400 

LOAD CURRENT (mA) 

1107TA02 
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rbsolutc mnximum RRTinGs 


Supply Voltage (Vin) 36V 

SW1 Pin Voltage (V S wi) 50V 

SW2 Pin Voltage (V SW 2) -0.5V to V, N 

Feedback Pin Voltage (LT1 107) 5 V 

Sense Pin Voltage (LT1 107-5, LT1107-12) 36V 

Maximum Power Dissipation 500mW 

Set Pin Voltage 5.5 V 


Maximum Switch Current 1.5A 

Operating Temperature Range 

LT1107C 0°C to 70°C 

LT1107M -55°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmRTIOR 


Ilim [T 
VinE 

SW1 U 
SW2 [T 


TOP VIEW 

C7 


J8 PACKAGE 


T\ FB (SENSE)* 
T\ SET 
j] AO 
J] GND 


N8 PACKAGE 


8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 
* FIXED VERSIONS 


TjMAX = 150°C,ej A =120 o C/W(J) 
Tjmax = 90°C, 0ja = 130°C/W (N) 


Consult factory for Industrial grade parts. 


ORDER PART 
NUMBER 


TOP VIEW 

T| FB(SENSE)* 

T|set 

T]ao 

X]GND 

ORDER PART 
NUMBER 

LT1107CN8 

LT1107CN8-5 

LT1107CN8-12 

LT1107MJ8 

LT1 1 07MJ8-5 
LT1107MJ8-12 

'limE 

VinE 
swi [J 

SW2 (T 

I 

LT1107CS8 

LT1107CS8-5 

LT1107CS8-12 


S8 PACKAGE 

S8 PART MARKING 

8-LEAD PLASTIC SO 

‘FIXED VERSIONS 

Tjmax = 90°C, 0 ja = 150°C/W 

1107 

11075 

110712 



€ieCTRICRl CHARACTERISTICS 

Vin = 3V, military or commercial version, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Switch OFF 



320 

450 

pA 


Quiescent Current, Step-Up Mode Configuration 

No Load LT1 107-5 



360 


mA 



LT1107-12 



550 


mA 

^IN 

Input Voltage 

Step-Up Mode 

• 

2 


12.6 

V 



Step-Down Mode 

• 



30.0 

V 


Comparator Trip Point Voltage 

LT1107 (Note 1) 

• 

1.2 

1.25 

1.3 

V 

^OUT 

Output Sense Voltage 

LT1 107-5 (Note 2) 

• 

4.75 

5 

5.25 

V 



LT1107-12 (Note 2) 

• 

11.40 

12 

12.60 

V 


Comparator Hysteresis 

LT1107 

• 


8 

12.5 

mV 


Output Hysteresis 

LT1 107-5 

• 


32 

50 

mV 



LT1107-12 

• 


75 

120 

mV 

fosc 

Oscillator Frequency 



50 

63 

77 

kHz 


Duty Cycle, Step-Up Mode 

Full Load 


64 

70 

76 

% 

tON 

Switch ON Time, Step-Up Mode 

Ium Tied to Vin 


8.8 

11 

12.7 

ps 


Feedback Pin Bias Current 

LT1107, V FB = 0V 

• 


70 

120 

nA 


Set Pin Bias Current 

Vset = Vref 

• 


70 

300 

nA 

% 

Gain Block Output Low 

Isink = 300|oA, Vset=1V 

• 


0.15 

0.4 

V 


Reference Line Regulation 

5V < V| N < 30V 

• 


0.02 

0.075 

%/V 


xt um 
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V| N = 3V, military or commercial version, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

A v 

Gain Block Gain 

R L = 100k (Note 3) 

• 

1000 

6000 


v/v 


Current Limit 

220Q to I|jm to V||\| 


400 

mA 


Current Limit Temperature Coefficient 


• 

-0.3 

%/°C 


Switch OFF Leakage Current 

Measured at SW1 Pin, Vswi = 12V 



1 

10 

MA 

V SW2 

Maximum Excursion Below GND 

Iswi^lOpA, Switch OFF 



-400 

-350 

mV 

V,n = 3V,- 

- 55°C < T A < 125°C, unless otherwise noted. 
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SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Switch OFF 

• 

500 

mA 

fosc 

Oscillator Frequency 


• 

40 

63 

95 

kHz 

DC 

Duty Cycle 

Step-Up Mode 

• 

56 

69 

81 

% 



Step-Down Mode, V|n = 12V 

• 

45 

60 

73 

% 

tON 

Switch ON Time 

Step-Up Mode 

• 

7 

11 

15 

MS 



Step-Down Mode, Vin = 12V 

• 

5 

9 

13 

MS 


Reference Line Regulation 

2V<V| N <5V, 0°C<T a <125°C 



0.2 

0.4 

%/V 



2.4V <V|n <5V, T A = -55°C 




0.8 

%/V 

V SAT 

Switch Saturation Voltage, Step-Up Mode 

0°C < T A < 1 25°C, Isw = 500mA 



0.5 

0.65 

V 



T a = -55°C, Isw = 400mA 



0.5 

0.65 

V 


Switch Saturation Voltage, Step-Down Mode 

Vim = 12V, l sw = 500mA 








0°C<T a <125°C 




1.5 

V 



T a = -55°C 




2.0 

V 

V| N = 3V, 0°C < Ta< 70°C, unless otherwise noted. 
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SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Switch OFF 

• 

450 

mA 

fosc 

Oscillator Frequency 


• 

50 

63 

88 

kHz 

DC 

Duty Cycle 

Step-Up Mode 

• 

62 

69 

78 

% 



Step-Down Mode, V|m = 12V 

• 

50 

60 

70 

% 

tON 

Switch ON Time 

Step-Up Mode 

• 

8 

11 

13.5 

MS 



Step-Down Mode, V|n = 12V 

• 

6 

9 

12.0 

MS 


Reference Line Regulation 

2V < Vin < 5V 

• 


0.2 

0.7 

%/V 

VSAT 

Switch Saturation Voltage, Step-Up Mode 

Vin = 3V, Isw = 650mA 

• 


0.5 

0.65 

V 


Switch Saturation Voltage, Step-Down Mode 

V| N = 12V, l S w = 650mA 

• 


1.1 

1.5 

V 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: This specification guarantees that both the high and low trip 
points of the comparator fall within the 1 .2V to 1 .3V range. 


Note 2: The output voltage waveform will exhibit a sawtooth shape due to 
the comparator hysteresis. The output voltage on the fixed-output 
versions will always be within the specified range. 

Note 3: 100k resistor connected between a 5V source and the AO pin. 
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Saturation Voltage, Step-Up Mode 



SWITCH CURRENT (A) 


1107 G01 


Switch ON Voltage, Step-Down 
Mode (SW1 Pin Connected to V| N ) 



SWITCH CURRENT (A) 

1107 G02 


1.5 

1.4 

1.3 

1.2 


' 1.1 
1.0 
0.9 
0.8 
0.7 
0.6 


0.4 

0.3 

0.2 

0.1 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 

1107 G05 


Quiescent Current 

400 
380 
~ 360 
JT 340 
I 320 
E 300 
g 280 
| 260 
° 240 
220 
200 

0 3 6 9 12 15 18 21 24 27 30 

INPUT VOLTAGE (V) 


1 1 

Ta = 25°C 












































_ 




- — 

— 

- 






















z 


















! 













100 

90 



60 

50 


40 


30 


20 


Switch ON Time 
Step-Up Mode 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Duty Cycle 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


13 

12 



u 10 


5 


1107 G08 


1107G09 


rrnneAB 

TECHNOLOGY 


Maximum Switch Current vs Rum 



10 100 1000 
Rum (Q) 


1107 G03 


Oscillator Frequency 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


1107 G07 


Switch ON Time 
Step-Down Mode 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


1107 G10 
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pin Funcnons 

•lim (Pin 1 ): Connect this pin to V ( m for normal use. Where 
lower current limit is desired, connect a resistor between 
Ilim and V|n. A 2200 resistor will limit the switch current 
to approximately 400mA. 

V|n (Pin 2): Input Supply Voltage. 

SW1 (Pin 3): Collector of Power Transistor. For step-up 
mode connect to inductor/diode. For step-down mode 
connect to % 

SW2 (Pin 4): Emitter of Power Transistor. For step-up 
mode connect to ground. For step-down mode connect to 
inductor/diode. This pin must never be allowed to go more 
than a Schottky diode drop below ground. 


GND (Pin 5): Ground. 

AO (Pin 6): Auxiliary Gain Block (GB) Output. Open collector, 
can sink 300jxA. 

SET (Pin 7): GB Input. GB is an op amp with positive input 
connected to SET pin and negative input connected to 
1.25V reference. 

FB/SENSE (Pin 8): On the LT1107 (adjustable), this pin 
goes to the comparator input. On the LT1 107-5 and 
LT 1107-1 2, this pin goes to the internal application resistor 
that sets output voltage. 
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BLOCK DlflGRflmS 


LT1107 


LT1 1 07-5/LT1 1 07-1 2 




OP6RRTIOR 

The LT1107 is a gated oscillator switcher. This type 
architecture has very low supply current because the 
switch is cycled when the feedback pin voltage drops 
below the reference voltage. Circuit operation can best be 
understood by referring to the LT1107 block diagram. 
Comparator A1 compares the feedback (FB) pin voltage 
with the 1.25V reference signal. When FB drops below 
1.25V, A1 switches on the 63kHz oscillator. The driver 
amplifier boosts the signal level to drive the output NPN 
power switch. The switch cycling action raises the output 
voltage and FB pin voltage. When the FB voltage is suffi- 
cient to trip A1 , the oscillator is gated off. A small amount 
of hysteresis built into A1 ensures loop stability without 
external frequency compensation. When the comparator 
output is low, the oscillator and all high current circuitry is 
turned off, lowering device quiescent current to just 300pA. 

The oscillator is set internally for lips ON time and 5ps 
OFF time in step-up mode, optimizing the device for 
converters where Vout ® 3Vng. The combination of high 
duty cycle and the current limitfeature enables continuous 
mode operation in many applications, increasing available 
output power. 


Gain block A2 can serve as a low-battery detector. The 
negative input of A2 is the 1.25V reference. A resistor 
divider from Vin to GND, with the mid-point connected to 
the SET pin provides the trip voltage in a low-battery 
detector application. AO can sink 300pA (use a 22k 
resistor pull-up to 5V). 

A resistor connected between the Ilim pin and Vug sets 
maximum switch current. When the switch current ex- 
ceeds the set value, the switch cycle is prematurely 
terminated. If current limit is not used, Ilim should be tied 
directly to Vim. Propagation delay through the current limit 
circuitry is approximately 1p.s. 

In step-up mode the switch emitter (SW2) is connected to 
ground and the switch collector (SW1) drives the induc- 
tor; in step-down mode the collector is connected to Vug 
and the emitter drives the inductor. 

The LT1 1 07-5 and LT1 1 07-1 2 are functionally identical to 
the LT1 1 07. The -5 and -1 2 versions have on-chip voltage 
setting resistors for fixed 5 V or 1 2 V outputs. Pin 8 on the 
fixed versions should be connected to the output. No 
external resistors are needed. 
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Inductor Selection — Step-Up Converter 

In a step-up, or boost converter (Figure 1), power gener- 
ated by the inductor makes up the difference between 
input and output. Power required from the inductor is 
determined by: 

Pl = (v 0 ut +V d -V| N ( M in) j(loirr) (01) 

where Vp is the diode drop (0.5V for a 1 N581 8 Schottky). 
Energy required by the inductor per cycle must be equal or 
greater than: 

Pl^osc (02) 


in order for the converter to regulate the output. 


When the switch is closed, current in the inductor builds 
according to: 


lL(,,= * 


1-e“ 


-R't 


(03) 


where FT is the sum of the switch equivalent resistance 
(0.8Q typical at 25°C) and the inductor DC resistance. 
When the drop across the switch is small compared to Vin, 
the simple lossless equation: 

‘l(*)=T*i <m> 

can be used. These equations assume that at t = 0, 
inductor current is zero. This situation is called “discon- 
tinuous mode operation” in switching regulator parlance. 
Setting “t” to the switch ON time from the LT1 1 07 speci- 
fication table (typically 1 1 ps) will yield Ipeak for a specific 
“L” and V^. Once Ipeak is known, energy in the inductor 
at the end of the switch ON time can be calculated as: 

e l = | li peak (° 5 ) 

El must be greater than P L /f 0 scforthe converter to deliver 
the required power. For best efficiency Ipeak should be 
kept to 1 A or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
low a value as possible in order to keep switch, diode and 
inductor losses at a minimum. 


As an example, suppose 12V at 60mA is to be generated 
from a 3 V to 6 V input. Recalling equation (01), 

P L = (l 2V + 0.5V - 3V)(60mA) = 570mW (06) 


Energy required from the inductor is: 

_ 570mW _ g q 5 jxJ 
f 0SC 63kHz 


(07) 


Picking an inductor value of 33pH with 0.20 DCR results 
in a peak switch current of: 


PEAK - 


3V 

lO 


-10x1 IjjlS 
1 - e 33pH 


= 850mA 


Substituting Ipeak into Equation 04 results in: 
E L = -(33pH)(0.85A) 2 = 11.91pJ 


(08) 


(09) 


Since 1 1 .9pJ > 9.05pJ, the 33pH inductor will work. This 
trial-and-error approach can be used to select the opti- 
mum inductor. 


A resistor can be added in series with the Ilim pinto invoke 
switch current limit. The resistor should be picked so the 
calculated Ipeak at minimum V|pj is equal to the Maximum 
Switch Current (from Typical Performance Characteristic 
curves). Then, as V^ increases, peak switch current is 
held constant, resulting in increasing efficiency. 

Inductor Selection — Step-Down Converter 


The step-down case (Figure 2) differs from the step-up in 
that the inductor current flows through the load during 
both the charge and discharge periods of the inductor. 
Current through the switch should be limited to ~650mA 
in this mode. Higher current can be obtained by using an 
external switch (see LT1 1 1 1 and LT1 1 1 0 data sheets). The 
Ilim pin is the key to successful operation over varying 
inputs. 


After establishing output voltage, output current and input 
voltage range, peak switch current can be calculated by the 
formula: 


l PEAK = 


2 1 OUT 

DC 


V 0UT +V D 

V II\|- V SW+ V D 


( 10 ) 
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where DC = duty cycle (0.50 in step-down mode) 

Vsw = switch drop in step-down mode 
V D = diode drop (0.5V fora 1N5818) 

Iout = output current 
Vqut = output voltage 
V|n = minimum input voltage 

V$w is actually a function of switch current which is in turn 
a function of Vin, L, time, and Vout- To simplify, 1 ,5V can 
be used for Vsw as a very conservative value. 

Once Ipeak is known, inductor value can be derived from: 


Vin(min) _ V S w-Vout 

L = : xt 0 N (11) 

'peak 

where tow = switch ON time (7ps). 

Next, the current limit resistor Rum is selected to give 
Ipeak from the Maximum Switch Current vs Rlim curve. 
The addition of this resistor keeps maximum switch cur- 
rent constant as the input voltage is increased. 


As an example, suppose 5 V at 300mA is to be generated 
from a 12V to 24V input. Recalling Equation (10): 


'peak = 


2(300mA) 

0.50 


5 + 0.5 
12-1.5 + 0.5 


= 600mA (12) 


Next, inductor value is calculated using Equation (11): 


12-1.5-5 

600mA 


7ps = 64pH 


(13) 


Use the next lowest standard value (56pH). 

Then pick Rum from the curve. For Ipeak = 600mA, Rlim 
= 56n. 


Inductor Selection — Positive-to-Negative Converter 

Figure 4 shows hookup for positive-to-negative conver- 
sion. All of the output power must come from the inductor. 
In this case, 

= (|Vout| + V d )(| 0 ut) (14) 


In this mode the switch is arranged in common collector 
or step-down mode. The switch drop can be modeled as 
a 0.75V source in series with a 0.65Q resistor. When the 
switch closes, current in the inductor builds according to: 



v J 


where R' = 0.650 + DCRl 
V L = V| N - 0.75V 

As an example, suppose -5V at 50mA is to be generated 
from a 4.5V to 5.5V input. Recalling Equation (14), 

P L = (j— 5Vj + 0.5V)(50mA) = 275mW (16) 

Energy required from the inductor is: 


P L 275mW , , . 

— ^ = = 4.4pJ 

f 0SC 63kHz 


(17) 


Picking an inductor value of 1 OOpH with 0.20 DCR results 
in a peak switch current of: 


'peak : 


(4.5V-0.75V) 


1-e 


-0.85Q x 9|as 
100 (liH 


(0.650 + 0.2Q) 

= 325mA 

Substituting Ipeak into Equation (04) results in: 
E L = - (l OOpH) (0.325A) 2 = 5.28pJ 


(18) 


( 19 ) 


Since 5.28pJ > 3.82pJ, the lOOpH inductor will work. 


With this relatively small input range, Rum is not usually 
necessary and the Ium pin can be tied directly to Vin. As in 
the step-down case, peak switch current should be limited 
to ~650mA. 


Step-Up (Boost Mode) Operation 

A step-up DC/DC converter delivers an output voltage 
higher than the input voltage. Step-up converters are not 
short-circuit protected since there is a DC path from input 
to output. 
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The usual step-up configuration for the LT1107 is shown 
in Figure 1. The LT1 107 first pulls SW1 low causing % - 
Vcesat 1° appear across LI . A current then builds up in LI . 
At the end of the switch ON time the current in LI is 1 : 

l PEAK=-j^ t ON (20) 


LI D1 



Figure 1. Step-Up Mode Hookup 

Immediately after switch turn-off, the SW1 voltage pin 
starts to rise because current cannot instantaneously stop 
flowing in LI. When the voltage reaches Vout + Vp, the 
inductor current flows through D1 into Cl, increasing 
Vout- This action is repeated as needed by the LT1107 to 
keep Vfb at the internal reference voltage of 1 ,25V. R1 and 
R2 set the output voltage according to the formula: 


V OUT = 


/ 

V 



(l.25V) 


(21) 


Step-Down (Buck Mode) Operation 

A step-down DC/DC converter converts a higher voltage to 
a lower voltage. The usual hookup for an LT1107 based 
step-down converter is shown in Figure 2. 

When the switch turns on, SW2 pulls up to V|fj- V sw- This 
puts a voltage across LI equal to Vim - Vsw - Vout, 
causing a current to build up in LI . At the end of the switch 
ON time, the current in LI is equal to: 


, V| N -V sw -V 0 ut t 
'peak= ; l ON 


( 22 ) 


Note 1: This simple expression neglects the effects of switch and coil 
resistance. This is taken into account in the “Inductor Selection” section. 



Figure 2. Step-Down Mode Hookup 


When the switch turns off, the SW2 pin falls rapidly and 
actually goes below ground. D1 turns on when SW2 
reaches 0.4V below ground. D1 MUST BE A SCHOTTKY 
DIODE. The voltage at SW2 must never be allowed to go 
below-0.5V. Asilicon diode such as the 1 N4933 will allow 
SW2 to go to -0.8V, causing potentially destructive power 
dissipation inside the LT1107. Output voltage is deter- 
mined by: 


Vout = 


1 + 


R2 

R1 


(l.25V) 


(23) 


R3 programs switch current limit. This is especially im- 
portant in applications where the input varies over a wide 
range. Without R3, the switch stays on for a fixed time 
each cycle. Under certain conditions the current in LI can 
build up to excessive levels, exceeding the switch rating 
and/or saturating the inductor. The 1000 resistor pro- 
grams the switch to turn off when the current reaches 
approximately 700mA. When using the LT1107 in step- 
down mode, output voltage should be limited to 6.2V or 
less. Higher output voltages can be accommodated by 
inserting a 1N5818 diode in series with the SW2 pin 
(anode connected to SW2). 


Inverting Configurations 

The LT 1107 can be configured as a positive-to-negative 
converter (Figure 3), or a negative-to-positive converter 
(Figure 4). In Figure 3, the arrangement is very similar to 
a step-down, except that the high side of the feedback is 
referred to ground. This level shifts the output negative. As 
in the step-down mode, D1 must be a Schottky diode, 


4-302 


rj uum 

technology 






LT1107 


nppucflTions mFORmnnon 

and | Vout I should be less than 6.2V. More negative output 
voltages can be accommodated as in the prior section. 

In Figure 4, the input is negative while the output is 
positive. In this configuration, the magnitude of the input 
voltage can be higher or lower than the output voltage. A 
level shift, provided bythe PIMP transistor, supplies proper 
polarity feedback information to the regulator. 



Figure 3. Positive-to-Negative Converter 



Figure 4. Negative-to-Positive Converter 


Using the Ium Pin 

The LT1107 switch can be programmed to turn off at a set 
switch current, a feature not found on competing devices. 
This enables the input to vary over a wide range without 
exceeding the maximum switch rating or saturating the 
inductor. Consider the case where analysis shows the 
LT1107 must operate at an 800mA peak switch current 
with a 2 V input. If V| N rises to 4V, the peak switch current 
will rise to 1.6A, exceeding the maximum switch current 
rating. With the proper resistor selected (see the “Maxi- 
mum Switch Current vs Rum” characteristic), the switch 


current will be limited to 800mA, even if the input voltage 
increases. 

Another situation where the Ium feature is useful occurs 
when the device goes into continuous mode operation. 
This occurs in step-up mode when: 

V OUT +V DIODE < 1 24 

V|N-V SW < 1-DC 

When the input and output voltages satisfy this relation- 
ship, inductor current does not go to zero during the 
switch OFF time. When the switch turns on again, the 
current ramp starts from the non-zero current level in the 
inductor just prior to switch turn-on. As shown in Figure 
5, the inductor current increases to a high level before the 
comparator turns off the oscillator. This high current can 
cause excessive output ripple and requires oversizing the 
output capacitor and inductor. With the Ium feature, the 
switch turns off at the programmed current as shown in 
Figure 6, keeping output ripple to a minimum. 



Figure 5. No Current Limit Causes Large Inductor 
Current Build-Up 



Figure 6. Current Limit Keeps Inductor Current Under Control 
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Figure 7 details current limit circuitry. Sense transistor A1, 
whose base and emitter are paralleled with power switch 
Q2, is ratioed such that approximately 0.5% of Q2’s 
collector current flows in Ql’s collector. This current is 
passed through internal 80£2 resistor R1 and out through 
the Ium pin. The value of the external resistor connected 
between Ium and Vin sets the current limit. When suffi- 
cient switch current flows to develop a across R1 + 
Rum, Q3 turns on and injects current into the oscillator, 
turning off the switch. Delay through this circuitry is 
approximately 800ns. The current trip point becomes less 
accurate for switch ON times less than 3ps. Resistor 
values programming switch ON time for 800ns or less will 
cause spurious response in the switch circuitry although 
the device will still maintain output regulation. 

Using the Gain Block 

The gain block (GB) on the LT1 1 07 can be used as an error 
amplifier, low-battery detector or linear post regulator. 
The gain block itself is a very simple PNPinputopampwith 
an open collector NPN output. The negative input of the 
gain block is tied internally to the 1.25V reference. The 
positive input comes out on the SET pin. 

Arrangement of the gain block as a low-battery detector is 
straightforward. Figure 8 shows hookup. R1 and R2 need 
only be low enough in value so that the bias current of the 
SET input does not cause large errors. 33k for R2 is 
adequate. R3 can be added to introduce a small amount of 
hysteresis. This will cause the gain block to “snap” when 
the trip point is reached. Values in the 1 M to 1 0M range are 
optimal. The addition of R3 will change the trip point, 
however. 

Output ripple of the LT 1 1 07, normally 50mV at 5Vout can 
be reduced significantly by placing the gain block in front 
of the FB input as shown in Figure 9. This effectively 
reduces the comparator hysteresis by the gain of the gain 
block. Output ripple can be reduced to just a few millivolts 
using this technique. Ripple reduction works with step- 
down or inverting modes as well. For this technique to be 
effective, output capacitor Cl must be large, so that each 
switching cycle increases Vout by only a few millivolts. 
lOOOpF is a good starting value. Cl should be a low ESR 
type as well. 



Figure 7. LT1107 Current Limit Circuitry 




V LB = BATTERY TRIP POINT 
R2 = 33k 

R3 = 1.6M " 07f ” 


Figure 8. Setting Low-Battery Detector Trip Point 
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Figure 9. Output Ripple Reduction Using Gain Block 
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24V-to-5V Step-Down Converter 
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Micropower 
DC/DC Converter 
Adjustable and Fixed 5V, 12V 


F€OTUR€S 

■ Operates at Supply Voltages from 2V to 30V 

■ Consumes Only 11 OpA Supply Current 

■ Works in Step-Up or Step-Down Mode 

■ Only Four External Components Required 

■ Low Battery Detector Comparator On-Chip 

■ User Adjustable Current Limit 

■ Internal 1A Power Switch 

■ Fixed or Adjustable Output Voltage Versions 

■ Space Saving 8-Pin MiniDIP or S8 Package 

nppucnnons 

■ Palmtop Computers 

■ 3V to 5 V, 5V to 12V Converters 

■ 9 V to 5V, 1 2 V to 5V Converters 

■ LCD Bias Generators 

■ Peripherals and Add-On Cards 

■ Battery Backup Supplies 

■ Cellular Telephones 

■ Portable Instruments 


DCSCRIPTIOn 

The LT1108 is a versatile micropower DC/DC converter. 
The device requires only four external components to 
deliver a fixed output of 5 V or 1 2 V. Supply voltage ranges 
from 2 V to 12V in step-up mode and to 30V in step-down 
mode. The LT1 1 08 functions equally well in step-up, step- 
down, or inverting applications. 

The LT1 1 08 is pin-for-pin compatible with the LT1 1 73, but 
has a duty cycle of 70%, resulting in increased output 
current in many applications. The LT1108 can deliver 
1 50mA at 5 V from a 2 AA cell input and 5V at 300mA from 
9V in step-down mode. Quiescent current is just 11 OpA, 
making the LT1108 ideal for power conscious battery- 
operated systems. 

Switch current limit can be programmed with a single 
resistor. An auxiliary gain block can be configured as a low 
battery detector, linear post regulator, undervoltage lock- 
out circuit, or error amplifier. 


TYPICAL APPLICATIOR 


Palmtop Computer Logic Supply 



SUMIDA CD105-101K 



1 10 100 


LOAD CURRENT (mA) 


LT1 108 *TA02 
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Supply Voltage (V| N ) 36V 

SW1 Pin Voltage (V S wi) 50V 

SW2 Pin Voltage (V SW 2 ) -0.5V to V, N 

Feedback Pin Voltage (LT1 1 08) 5.5V 

Sense Pin Voltage (LT1108, -5, -12) 36V 


Maximum Power Dissipation 500mW 

Maximum Switch Current 1 .5A 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IRFORmRIIOR 


TOP VIEW 



T] FB (SENSE*) 
T\ SET 
H AO 
T] GND 


N8 PACKAGE 
8-LEAD PLASTIC DIP 

*FIXED VERSIONS 


Tjmax = 90°C, 0ja = 130°C/W 


ORDER PART 
NUMBER 


LT1108CN8 
LT1 1 08CN8-5 
LT1 1 08CN8-1 2 


Ilim IX 
V|N IX 

SW1 U I 
SW2 |T| 


TOP VIEW 

”T7 


T| FB (SENSE*] 
7] SET 
X] AO 

X GND 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

‘FIXED VERSIONS 
Tjmax = 9O°C,0j A = 15O°C/W 


ORDER PART 
NUMBER 


LT1108CS8 
LT1108CS8-5 
LT1 1 08CS8-1 2 


S8 PART MARKING 


1108 

11085 

11081 


Consult factory for Industrial and Military grade parts. 



ELECTRICAL CHARACTERISTICS Ta = 25°C, V|n = 3V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Switch OFF 

• 


110 

150 

pA 


Quiescent Current, Boost Mode Configuration 

No Load LT1 108-5 



135 


pA 



LT1 108-12 



250 


pA 

V|N 

Input Voltage 

Step-Up Mode 


2 


12.6 

V 



Step-Down Mode 




30.0 

V 


Comparator Trip Point Voltage 

LT1108 (Note 1) 

• 

1.2 

1.245 

1.3 

V 

VoUT 

Output Sense Voltage 

LT1 108-5 (Note 2) 

• 

4.75 

5 

5.25 

V 



LT1 108-1 2 (Note 2) 

• 

11.4 

12 

12.6 

V 


Comparator Hysteresis 

LT1108 

• 


5 

10 

mV 


Output Hysteresis 

LT1 108-5 

• 


20 

40 

mV 



LT1108-12 

• 


50 

100 

mV 

fosc 

Oscillator Frequency 


• 

14 

19 

25 

kHz 


Duty Cycle 

Full Load, Step-Up Mode 

• 

63 

70 

78 

% 

t0N 

Switch-ON Time 

Ium Tied to Vin, Step-Up Mode 

• 

28 

36 

48 

ps 


Feedback Pin Bias Current 

LT1108, V FB -0V 

• 


10 

50 

nA 


Set Pin Bias Current 

Vset = Vref 

• 


20 

100 

nA 

V 0L 

Gain Block Output Low 

•sink = 100pA, V S et = IV 

• 


0.15 

0.4 

V 


Reference Line Regulation 

2V < Vin < 5V 



0.20 

0.400 

%/V 



5V < V| N < 30V 

• 


0.02 

0.075 

%/V 

V SAT 

SWsat Voltage, Step-Up Mode 

V||\| = 3V, Isw = 650mA 

• 


0.5 

0.65 

V 



Vin = 5V, l sw = 1A 



0.8 

1.00 

V 
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€l€CTRICRl CHARACTERISTICS Ta = 25°C, Vin = 3V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

VsAT 

SW S at Voltage, Step-Down Mode 

V,n = 12V, lsw = 650mA 

• 

1.1 1.5 

1.7 

V 

V 

Av 

Gain Block Gain 

R L = 100k (Note 3) 

• 

400 1000 

v/v 


Current Limit 

220ft from Ilm to Vin 


400 

mA 


Current Limit Temperature Coefficient 


• 

-0.3 

%/°C 


Switch OFF Leakage Current 

Measured at SW1 Pin 


1 10 

mA 

VSW2 

Maximum Excursion Below GND 

Iswi ^ 1 OpA, Switch OFF 


-400 -350 

mV 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: This specification guarantees that both the high and low trip 
points of the comparator fall within the 1 .2V to 1 .3 V range. 


Note 2: The output voltage waveform will exhibit a sawtooth shape due to 
the comparator hysteresis. The output voltage on the fixed output 
versions will always be within the specified range. 

Note 3: 100k resistor connected between a 5V source and the AO pin. 


TVPICRl P€RFORmnnC€ CHARACTERISTICS 


Saturation Voltage Step-Up Mode 



SWITCH CURRENT (A) 


LT1108.TPC01 


Switch ON Voltage 
Step-Down Mode 
(SW1 Pin Connected to Vin) 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

SWITCH CURRENT (A) 

LT1108-TPC02 


Maximum Switch Current 
vs Rum 



Saturation Voltage Step-Up Mode 
(SW2 Pin Grounded) 



100 1000 
Rum (Q) 

LT1108 • TPCQ4 


Supply Current vs Switch Current 



SWITCH CURRENT (mA) 


Quiescent Current 



TEMPERATURE (°C) 

LT1108.TPC06 
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TYPICAL PCRFOftmnnce CHARACTERISTICS 


Oscillator Frequency 



15 

14 

13 


-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 


Duty Cycle 



TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 


LT1 1 08 • TPC07 


LT1108 • TPC09 


Minimum/Maximum Frequency Switch Saturation Voltage 

vs ON-Time Step-Up Mode 


Switch Saturation Voltage 
Step-Down Mode 




pm FuncTions 

•lim (Pin 1 ): Connect this pin to Vin for normal use. Where 
lower current limit is desired, connect a resistor between 
Ium and \% A 220 a resistor will limit the switch current 
to approximately 400mA. 

Vin (Pin 2): Input supply voltage. 

SW1 (Pin 3): Collector of power transistor. For step-up 
mode connect to inductor/diode. For step-down mode 
connect to V|pj. 

SW2 (Pin 4): Emitter of power transistor. For step-up 
mode connect to ground. For step-down mode connect to 
inductor/diode. This pin must never be allowed to go more 
than a Schottky diode drop below ground. 


GND (Pin 5): Ground. 

AO (Pin 6): Auxiliary gain block (GB) output. Open collector, 
can sink 100|xA. 

SET (Pin 7): GB input. GB is an op amp with positive input 
connected to SET pin and negative input connected to 
1 ,245V reference. 

FB/SENSE (Pin 8): On the LT1108 (adjustable) this pin 
goes to the comparator input. On the LT1 108-5 and 
LT1 1 08-1 2, this pin goes to the internal application resistor 
that sets output voltage. 
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The LT1108 is a gated oscillator switcher. This type 
architecture has very low supply current because the 
switch is cycled when the feedback pin voltage drops 
below the reference voltage. Circuit operation can best be 
understood by referring to the LT1108 block diagram. 
Comparator A1 compares the feedback (FB) pin voltage 
with the 1.245V reference signal. When FB drops below 
1.245V, A1 switches on the 19kHz oscillator. The driver 
amplifier boosts the signal level to drive the output NPN 
power switch. The switch cycling action raises the output 
voltage and FB pin voltage. When the FB voltage is suffi- 
cient to trip A1 , the oscillator is gated off. A small amount 
of hysteresis built into A1 ensures loop stability without 
external frequency compensation. When the comparator 
output is low, the oscillator and all high current circuitry is 
turned off, lowering device quiescent current to just 1 1 OpA. 

The oscillator is set internally for 36ps ON-time and 17ps 
OFF-time, allowing continuous mode operation in many 
cases such as 2 V to 5 V converters. Continuous mode 
greatly increases available output power. 

Gain block A2 can serve as a low battery detector. The 
negative input of A2 is the 1.245V reference. A resistor 


divider from Vim to GND, with the mid-point connected to 
the SET pin provides the trip voltage in a low battery 
detector application. AO can sink 1 OOpA (use a 47k resis- 
tor pull-up to 5V). 

A resistor connected between the Ium pin and Vin sets 
maximum switch current. When the switch current ex- 
ceeds the set value, the switch cycle is prematurely 
terminated. If current limit is not used, Ium should be tied 
directlyto V| N . Propagation delaythrough the current-limit 
circuitry is approximately 2ps. 

In step-up mode the switch emitter (SW2) is connected to 
ground and the switch collector (SW1) drives the induc- 
tor; in step-down mode the collector is connected to Vim 
and the emitter drives the inductor. 

The LT 1 1 08-5 and LT1 1 08-1 2 are functionally identical to 
the LT1 1 08. The -5 and -1 2 versions have on-chip voltage 
setting resistors for fixed 5V or 1 2 V outputs. Pin 8 on the 
fixed versions should be connected to the output. No 
external resistors are needed. 


BLOCK DlflGRBmS 


LT1108 


LT1 1 08-5/LT1 108-12 
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INDUCTOR SELECTION where Vp is the diode drop (0.5V for a 1 N581 8 Schottky). 

Energy required by the inductor percycle must be equal or 
General greater than 


A DC/DC converter operates by storing energy as mag- 
netic flux in an inductor core, and then switching this 
energy into the load. Since it is flux, not charge, that is 
stored, the output voltage can be higher, lower, or opposite 
in polarity to the input voltage by choosing an appropriate 
switching topology. 

To operate as an efficient energy transfer element, the 
inductormustfulfillthree requirements. First, theinductance 
must be low enough for the inductor to store adequate 
energy under the worst case condition of minimum input 
voltage and switch-ON time. The inductance must also be 
high enough so maximum current ratings of the LT1 1 08 and 
inductor are not exceeded at the other worst case condition 
of maximum input voltage and ON-time. 

Additionally, the inductor core must be able to store the 
required flux; i.e., it must not saturate. At power levels 
generally encountered with LT1 108 based designs, small 
surface mount ferrite core units with saturation current 
ratings in the 300mA to 1A range and DCR less than 0.4Q 
(depending on application) are adequate. 

Lastly, the inductor must have sufficiently low DC resistance 
so excessive power is not lost as heat in the windings. An 
additional consideration is Electro-Magnetic Interference 
(EMI). Toroid and pot core type inductors are recommended 
in applications where EMI must be kept to a minimum; for 
example, where there are sensitive analog circuitry or trans- 
ducers nearby. Rod core types are a less expensive choice 
where EMI is not a problem. Minimum and maximum input 
voltage, output voltage and output current must be estab- 
lished before an inductor can be selected. 

Step-Up Converter 

In a step-up, or boost converter (Figure 1), power gener- 
ated by the inductor makes up the difference between 
input and output. Power required from the inductor is 
determined by 


P L = ( V OUT + V D~ V|N min) OoUt) ( 01 ) 


P L /fosc (02) 

in order for the converter to regulate the output. 

When the switch is closed, current in the inductor builds 
according to 




-R't 


1-e— 

v ) 


(03) 


where R 1 is the sum of the switch equivalent resistance 
(0.8£2 typical at 25°C) and the inductor DC resistance. 
When the drop across the switch is small compared to Vin, 
the simple lossless equation 


l L (t) = ^t (04) 

can be used. These equations assume that at t = 0, 
inductor current is zero. This situation is called “discon- 
tinuous mode operation” in switching regulator parlance. 
Setting “t” to the switch-ON time from the LT1 108 speci- 
fication table (typically 36p.s) will yield Ipeak for a specific 
“L” and Vin. Once Ipeak is known, energy in the inductor 
at the end of the switch-ON time can be calculated as 


E L = ^ L I PEAK (05) 

El must be greaterthan PL/fosc forthe converter to deliver 
the required power. For best efficiency Ipeak should be 
kept to 1A or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
low a value as possible in order to keep switch, diode and 
inductor losses at a minimum. 

As an example, suppose 1 2 V at 30mA is to be generated 
from a 2V to 3V input. Recalling equation (01), 

P L = (1 2V + 0.5V - 2 V) (30mA) = 31 5mW (06) 
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Energy required from the inductor is 


P L 315mW 
fosc 19kHz 


1 6.6(xJ 


(07) 


Picking an inductor value of 1 0OjxH with 0.2£2 DCR results 
in a peak switch current of 


2V 


'PEAK = 


1.0Q 


1-e” 


-1.0£2x36ps 

100nH 


= 605mA 


(08) 


Substituting Ipeak into Equation 04 results in 


where DC = duty cycle (0.60) 

Vsw = switch drop in step-down mode 
V D = diode drop (0.5V for a 1N5818) 

Iout = output current 
Vout = output voltage 
Vin = minimum input voltage 

Vsw is actually a function of switch current which is in turn 
a function of Vin, L, time, and Vout- To simplify, 1 ,5V can 
be used for Vsw as a very conservative value. 

Once Ipeak is known, inductor value can be derived from 


E L = | (1 00nH) (6.605 A) 2 = 1 8.3|aJ 


(09) 


Lrr VlNMIN - V SW- V OUT 
■peak 


xt ON 


( 11 ) 


Since 1 8.3^J > 1 6.6|aJ, the 1 00nH inductor will work. This 
trial-and-error approach can be used to select the opti- 
mum inductor. Keep in mind the switch current maximum 
rating of 1 ,5A. If the calculated peak current exceeds this, 
an external power transistor can be used. 

A resistor can be added in series with the Ilim pin to invoke 
switch current limit. The resistor should be picked so the 
calculated Ipeak at minimum Vin is equal to the Maximum 
Switch Current (from Typical Performance Characteristic 
curves). Then, as Vin increases, switch current is held 
constant, resulting in increasing efficiency. 


where toN = switch-ON time (36ns). 

Next, the current limit resistor Rum is selected to give 
Ipeak from the Rum Step-Down Mode curve. The addition 
of this resistor keeps maximum switch current constant as 
the input voltage is increased. 

As an example, suppose 5V at 300mA is to be generated 
from a 12V to 24V input. Recalling Equation (10), 


■peak = 


2 (300mA) 
0.60 


5 + 0.5 


12-1.5 + 0.5 


= 500mA (12) 


Step-Down Converter 

The step-down case (Figure 2) differs from the step-up in 
that the inductor current flows through the load during 
both the charge and discharge periods of the inductor. 
Current through the switch should be limited to ~650mA 
in this mode. Higher current can be obtained by using an 
external switch (see Figure 3). The Ilim pin is the key to 
successful operation over varying inputs. 


Next, inductor value is calculated using Equation (11) 

L = 36ns = 396nH (1 3) 

500mA ^ 

Use the next lowest standard value (330jxH). 

Then pick Rum from the curve. For Ipeak = 500mA, 
Rlim = 220£X 


Afterestablishing output voltage, output current and input 
voltage range, peak switch current can be calculated by the 
formula: 


■peak = 


2 ■out 
DC 


V OUT +V D 
V IN -V SW + V D 


( 10 ) 


Positive-to-Negative Converter 

Figure 4 shows hookup for positive-to-negative conver- 
sion. All of the output power must come from the inductor. 
In this case, 

Pl = (IVoutI + Vd)(Iout) ( 14 ) 
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In this mode the switch is arranged in common collector 
or step-down mode. The switch drop can be modeled as a 
0.75V source in series with a 0.65Q resistor. When the 
switch closes, current in the inductor builds according to 


The usual step-up configuration for the LT1108 is shown 
in Figure 1 . The LT1 1 08 first pulls SW1 low causing Vin - 
Vcesat to appear across LI . Acurrentthen builds up in LI . 
At the end of the switch-ON time the current in LI is 


V L 


■ 0-3 


f — R't 

1-e L 

v 


(15) 


where: R' = 0.65Q + DCR|_ 

Vl = V| N - 0.75V 

As an example, suppose — 5V at 1 00mA is to be generated 
from a 4.5V to 5.5V input. Recalling Equation (14), 

P L = (I -5V | + 0.5V) (l 00mA) = 550mW. (16) 

Energy required from the inductor is 


P L _ 550mW 
f osc 19kHz 


28.9p.J 


(17) 


l PEAK = -j^t 0 N* (20) 


LI 01 



Figure 1. Step-Up Mode Hookup 


Picking an inductor value of 220pH with 0.3D DCR results 
in a peak switch current of 


(4.5V -0.75V) 
,PEAK_ (0.650 + 0.3Q) 


' -0.95H x 36ps ’ 

1-e 220 |lH 

J 


= 568mA 


(18) 


Immediately after switch turn-off, the SW1 voltage pin 
starts to rise because current cannot instantaneously stop 
flowing in LI. When the voltage reaches Vout + Vp, the 
inductor current flows through D1 into Cl, increasing 
Vout- This action is repeated as needed by the LT1 1 08 to 
keep Vfb at the internal reference voltage of 1.245V. R1 
and R2 set the output voltage according to the formula 


Substituting Ipeak into Equation (04) results in 
E L = 1 (220piH) (0.568A) 2 = 35.5 |tJ (1 9) 

Since 35.5pJ > 28.9pJ, the 220pH inductor will work. 

Finally, Rum should be selected by looking at the Switch 
Current vs R L im curve. In this example, Rum = 150£2. 


V OUT = 


f 





(1.245V) 


( 21 ) 


STEP-DOWN (BUCK MODE) OPERATION 

A step-down DC/DC converter converts a higher voltage to 
a lower voltage. The usual hookup for an LT1108 based 
step-down converter is shown in Figure 2. 


STEP-UP (BOOST MODE) OPERATION 

A step-up DC/DC converter delivers an output voltage 
higher than the input voltage. Step-up converters are not 
short-circuit protected since there is a DC path from input 
to output. 


When the switch turns on, SW2 pulls up to Vim - Vsw- This 
puts a voltage across LI equal to V^ - Vsw - Vout, 
causing a current to build up in LI. Atthe end of the switch- 
ON time, the current in LI is equal to 


‘Expression 20 neglects the effect of switch and coil resistance. This is taken into account in the 
“Inductor Selection" section. 
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I V IN-V S w-V 0 ut t 
'PEAK = j l 0N 


( 22 ) 


When the switch turns off, the SW2 pin falls rapidly and 
actually goes below ground. D1 turns on when SW2 
reaches 0.4V below ground. D1 MUST BE A SCHOTTKY 
DIODE. The voltage at SW2 must never be allowed to go 
below— 0.5V. Asilicon diode such as the 1 N4933 will allow 
SW2 to go to -0.8V, causing potentially destructive power 
dissipation inside the LT1108. Output voltage is deter- 
mined by 


HIGHER CURRENT STEP-DOWN OPERATION 

Output current can be increased by using a discrete PNP 
pass transistor as shown in Figure 3. R1 serves as a 
current limit sense. When the voltage drop across R1 
equals 0.5V BE , the switch turns off. As shown, switch 
current is limited to 2A. Inductor value can be calculated 
based on formulas in the Inductor Selection Step-Down 
Converter section with the following conservative 
expression for Vsw: 


V SW = V R1 + V Q1SAT * 1 0V ( 24 ) 


V OUT = 



(23) 


R3 programs switch current limit. This is especially im- 
portant in applications where the input varies over a wide 
range. Without R3, the switch stays on for a fixed time 
each cycle. Under certain conditions the current in LI can 
build up to excessive levels, exceeding the switch rating 
and/or saturating the inductor. The 100Q resistor pro- 
grams the switch to turn off when the current reaches 
approximately 700mA. When using the LT1108 in step- 
down mode, output voltage should be limited to 6.2V or 
less. Higher output voltages can be accommodated by 
inserting a 1N5818 diode in series with the SW2 pin 
(anode connected to SW2). 


R2 provides a current path to turn off Q1 . R3 provides base 
drive to Q1 . R4 and R5 set output voltage. A PMOS FET can 
be used in place of Q1 when Vin is between 10V and 20V. 

R1 Q1 

Vin 0.15ft ZETEX ZTX749 LI 




Figure 3. Q1 Permits Higher Current Switching 
The LT1108 Functions as Controller 


INVERTING CONFIGURATIONS 

The LT1108 can be configured as a positive-to-negative 
converter (Figure 4), or a negative-to-positive converter 
(Figure 5). In Figure 4, the arrangement is very similar to a 
step-down, except that the high side of the feedback is 
referred to ground. This level shifts the output negative. As 
in the step-down mode, D1 must be a Schottky diode, 
and | VoutI should be less than 6.2V. More negative output 
voltages can be accommodated as in the prior section. 

In Figure 5, the input is negative while the output is 
positive. In this configuration, the magnitude of the input 
voltage can be higher or lower than the output voltage. A 
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level shift, provided by the PMPtransistor, supplies proper 
polarity feedback information to the regulator. 



Figure 4. Positive-to-Negative Converter 


LI 01 



Figure 5. Negative-to-Positive Converter 


USING THE l UM PIN 

The LT1 1 08 switch can be programmed to turn off at a 
set switch current, a feature not found on competing 
devices. This enables the inputto vary overa wide range 
without exceeding the maximum switch rating or satu- 
rating the inductor. Consider the case where analysis 
shows the LT1108 must operate at an 800mA peak 
switch current with a 2.0V input. If Vim rises to 4V, the 
peak switch current will rise to 1.6A, exceeding the 
maximum switch current rating. With the proper resis- 
tor selected (see the “Maximum Switch Current vs 
R um ” characteristic), the switch current will be limited 
to 800mA, even if the input voltage increases. 


Another situation where the Ium feature is useful occurs 
when the device goes into continuous mode operation. 
This occurs in step-up mode when 

v OUT + VpiODE 1 , 25 ^ 

V| N — v sw 1-DC 

When the input and output voltages satisfy this rela- 
tionship, inductor current does not go to zero during 
the switch-OFF time. When the switch turns on again, 
the current ramp starts from the non-zero current level 
in the inductor just prior to switch turn-on. As shown in 
Figure 6, the inductor current increases to a high level 
before the comparatorturns off the oscillator. This high 
current can cause excessive output ripple and requires 
oversizing the output capacitor and inductor. With the 
Ilim feature, however, the switch current turns off at a 
programmed level as shown in Figure 7, keeping output 
ripple to a minimum. 




Figure 7. Current Limit Keeps Inductor Current Under Control 
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Figure 8 details current limit circuitry. Sense transistor Q1, 
whose base and emitter are paralleled with power switch 
Q2, is ratioed such that approximately 0.5% of Q2's 
collector current flows in Ql’s collector. This current 
passed through internal 80Q resistor R1 and out through 
the I|_im pin. The value of the external resistor connected 
between I[_im and Vin sets the current limit. When suffi- 
cient switch current flows to develop a V BE across R1 + 
Rum. Q3 turns on and injects current into the oscillator, 
turning off the switch. Delay through this circuitry is 
approximately 2|is. The current trip point becomes less 
accurate for switch-ON times less than 5ps. Resistor 
values programming switch-ON time for 2pis or less will 
cause spurious response in the switch circuitry although 
the device will still maintain output regulation. 



Figure 8. LT1108 Current Limit Circuitry 


USING THE GAIN BLOCK 

The gain block (GB) on the LT1 1 08 can be used as an error 
amplifier, low battery detector or linear post regulator. The 
gain block itself is a very simple PNP input op amp with an 
open collector NPN output. The negative input of the gain 
block is tied internally to the 1 .245V reference. The posi- 
tive input comes out on the SET pin. 

Arrangement of the gain block as a low battery detector 
is straightforward. Figure 9 shows hookup. R1 and R2 
need only be low enough in value so that the bias 
current of the SET input does not cause large errors. 
33k for R2 is adequate. R3 can be added to introduce a 
small amount of hysteresis. This will cause the gain 
block to “snap” when the trip point is reached. Values 
in the 1M to 10M range are optimal. The addition 
however, of R3 will change the trip point. 



Figure 9. Setting Low Battery Detector Trip Point 


Table 1. Inductor Manufacturers 


MANUFACTURER 

PART NUMBERS 

Coiltronics International 

OCTA-PAC™ 

984 S.W. 13th Court 

Pompano Beach, FL 33069 

305-781-8900 

Series 

Sumida Electric Co. USA 

CD54 

708-956-0666 

CDR74 

CDR105 

Table 2. Capacitor Manufacturers 

MANUFACTURER 

PART NUMBERS 

Sanyo Video Components 

1201 Sanyo Avenue 

San Diego, CA 92073 

619-661-6322 

OS-CON Series 

Nichicon America Corporation 

927 East State Parkway 

Schaumberg, IL 60173 

708-843-7500 

PL Series 

AVX Corporation 

Myrtle Beach, SC 

803-946-0690 

TPS Series 

Table 3. Transistor Manufacturers 

MANUFACTURER 

PART NUMBERS 

Zetex Inc. 

ZTX749 (NPN) 

87 Modular Avenue 

ZTX 849 (NPN) 

Commack, NY 11725 

516-543-7100 

ZTX 949 (PNP) 


4-316 


rrunm 

TECHNOLOGY 





LT1108 



4-317 








FCATURCS 


DCSCRIPTIOA 


■ Uses Off-the-Shelf Inductors 

■ Only 33(iH Inductor Required 

■ Low Cost 

■ 3-Lead T0-92.S08, or 8-Pin DIP 

■ Adjustable or Fixed 5 V or 12V Output 

■ 120kHz Oscillator 

■ Only Three External Components Required 

■ 320|aA Iq 

■ 1 .6 V Minimum Start-Up Voltage 

■ Logic Controlled Shutdown 

application 

■ Flash Memory VPP Generators 

■ 3V to 5V Converters 

■ 5V to 12V Converters 

■ Disk Drives 

■ PC Plug-In Cards 

■ Peripherals 

■ Battery-Powered Equipment 


The LT1109 is a simple step-up DC/DC converter. Avail- 
able in 8-pin SO, 3-lead TO-92 (fixed output only) or 
miniDIP packages, the devices require only three external 
components to construct a complete DC/DC converter. 
Current drain is just 320pA at no load, making the device 
ideal for cost-sensitive applications where standby cur- 
rent must be kept to a minimum. 

The LT 1 1 09-5 can deliver 5 V at 1 00mA from a 3V input 
and the LT1 1 09-1 2 can deliver 1 2 V at 60mA from a 5V 
input. The 8- pin versions also feature a logic controlled 
SHUTDOWN pin that turns off the oscillator when taken 
low. The gated-oscillator design requires no frequency 
compensation components. The high frequency 120kHz 
oscillator permits the use of small surface mount induc- 
tors and capacitors. For a 5V to 1 2 V at 1 20mA converter, 
see the LT1109A. Foa a 5 V to 12V at 200mA converter 
with 20|oA shutdown current, see the LT1301. 


TYPICAL APPUCATIOA 


All Surface Mount 

Flash Memory VPP Generator Output Voltage Flash Memory Program Output 



t LI = SUMIDACD54-330LC(l OUT = 80mA) 

COILTRONICS CTX33-1 (80mA) OUTPUT CURRENT (mA) 

MURATA-ERIE LQH4N330K (l 0UT = 50mA) LT1109 ' 

ISI LCS2414-330K (l 0UT = 50mA) 

**C1 = MATSUO 267M1 602226 OR EQUIVALENT 
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(Voltages Referred to GND Pin) 


Supply Voltage (Vout) -0.4V to 20V 

SW Pin Volta ge -0.4V to 50V 

SHUTDOWN Pin Voltage 6.0V 

Maximum Power Dissipation 300mW 


PACKAGE/ORDER IRFORmATIOR 


Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Switch Current 1.2A 



TOP VIEW 


TOP VIEW 


VIN [T 

V-/ 

T] SENSE 

V|N Qj 1 

1] SENSE 

NC [T 


T\ SHUTDOWN 

nc nrfi 

T] SHUTDOWN 

SW [T 


U NC 

sw dfl 

T] NC 

GND jT 


J] NC 

GND [TH 

T] NC 


N8 PACKAGE 
8-LEAD PLASTIC DIP 


mi09'P0102 


TjMAX = 100 o C,e JA = 130°C/W 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax = 100°C, 0j A = 150°C/W 



Z PACKAGE 

3-LEAD TO-92 PLASTIC ithm-poioi 


Tjmax = 1 00°C, 0 ja = 1 60°C/W 


ORDER PART 
NUMBER 


ORDER PART 
NUMBER 


S8 PART 
MARKING 


ORDER PART 
NUMBER 


LT1109CN8 
LT1 1 09CN8-5 
LT1109CN8-12 


LT1109CS8 
LT1109CS8-5 
LT1 109CS8-1 2 


1109 

10905 

10912 


LT1109CZ-5 

LT1109CZ-12 


Consult factory for Industrial and Military grade parts. 



ELECTRICAL CHARACTERISTICS T a = 25 C, V m = 3V (LT1109CN8, LT1109CS8), unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Switch Off 

• 


320 

550 

|xA 


Minimum Start-Up Voltage 
at Vqut P< n (Z Package) 



1.6 

V 

V|N 

Input Voltage (N8, S8 Package) 


• 

3 

V 


Comparative Trip Point Voltage 

LT1109 

• 

1.20 

1.25 

1.30 

V 

V OUT 

Output Voltage 

LT1 109-5; 3V < V, N < 5V 

• 

4.75 

5.00 

5.25 

V 



LT1109-12; 3V<V iN <12V 

• 

11.52 

12.00 

12.55 

V 


Comparator Hysteresis 

LT1109 

• 


8 

12.5 

mV 


Output Voltage Ripple 

LT1 109-5 

• 


25 

50 

mV 



LT1 109-12 

• 


60 

120 

mV 

fosc 

Oscillator Frequency 



100 

120 

140 

kHz 




• 

90 


150 

kHz 

tON 

Switch ON Time 



3.3 

4.2 

5.3 

M-S 




• 

3.0 


5.5 

MS 

DC 

Duty Cycle 

Full Load 

• 

45 

50 

60 

% 

VCESAT 

Switch Saturation Voltage 

Isw = 500mA 



0.4 

0.7 

V 



LT1 1 09-5: V iN = 3V; LT1 1 09-1 2: V, N = 5V 

• 


0.5 

0.8 

V 


rrixmi 

TECHNOLOGY 


4-319 








LT1109 


ELECTRICAL CHARACTERISTICS T a = 25°C, V(N = 3V (LT1109CN8, LT1109CS8), unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 


Switch Leakage Current 

V S w = 12V 


1 10 

PA 

V| H 

SHUTDOWN Pin High 

N8, S8 Package 

• 

2.0 

V 

V|L 

SHUTDOWN Pin Low 

N8, S8 Package 

• 

0.8 

V 

IlH 

SHUTDOWN Pin Input Current 

N8, S8 Package, Vshutdown = 4V 

• 

10 

HA 

IlL 

SHUTDOWN Pin Input Current 

N8, S8 Package, Vshutdown = OV 

• 

20 

HA 


The • denotes the specifications which apply over the full operating 
temperature range. 


TYPICAL PCRFORAlAnCE CHARACTERISTICS 


Oscillator Frequency 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 

LT1 109 • TPC02 


Oscillator Frequency 



0 2 4 6 8 10 12 14 16 18 20 


INPUT VOLTAGE (V) 

LT1109.TPC03 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 

LT1109.TPC04 


Duty Cycle 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 

LT1109* TPC05 


Switch Saturation Voltage 

700 
600 
500 

E, 400 
3s 

S 300 
> 

200 
100 
0 

-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 



Switch Saturation Voltage 



SWITCH CURRENT (A) 

LT1109.TPC07 
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Minimum/Maximum 



2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
t()N (^ s ) 

LT1 109 • TPC08 


Quiescent Current 


T/ 

= 2E 

°C 





n 





















— 





— 




























0 2 4 6 8 10 12 14 16 18 20 

INPUT VOLTAGE (V) 

LT1 1 09 • TPC09 



RLOCK DIRGRRmS 

LT1109-5, -12 Z Package 


LT1109-5, -12 N8, S8 Package 




IT1109Z OPCRRTIOR 

The LT1109Z-5 and LT1109Z-12 are fixed output voltage 
step-up DC/DC converters in a 3-pin T0-92 package. 
Power for internal regulator circuitry is taken from the 
Vout pin, a technique known as “bootstrapping.” Circuit 
operation can be best understood by referring to the block 
diagram. Vout, attenuated by R1 and R2, is applied to the 
negative input of comparator A1 . When this voltage falls 
below the 1 .25 V reference voltage, the oscillator is tu rned 
on and the power switch Q1 cycles at the oscillator 


frequency of 120kHz. Switch cycling alternately builds 
current in the inductor, then dumps it into the output 
capacitor, increasing the output voltage. When A1 ’s nega- 
tive input rises above 1 ,25V, it turns off the oscillator. A 
small amount of hysteresis in A1 obviates the need for 
frequency compensation circuitry. When Q1 is off, current 
into the Vgui pin drops to just 320|xA. Quiescent current 
from the battery will be higher because the device oper- 
ates off the stepped-up voltage. 
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1 T 1109 S 8 nnD ns okimtioh 

The 8-pin versions of the LT1109 have separate pin s for 
Vim and SENSE or FB and also have a SHUTDOWN pin. 
Separating the device Vin pin from the SENSE pin allows 
the device to be powered from the (lower) input voltage 
rather than the (higher) output voltage. Although quies- 
cent current remains constant, quiescent power will be 


reduced by using the 8-pin version since the qui escen t 
current flows from a lower voltage source. The SHUT- 
DOWN pin disables the oscillator when taken to a logic “0.” 
If left floati ng or tied hig h, the converter operates nor- 
mally. With SHUTDOWN low, quiescent current remains 
at 320pA. 


flppucmions mFonmnnon 

Inductor Selection 

A DC/DC converter operates by storing energy as mag- 
netic flux in an inductor core, and then switching this 
energy into the load. To operate as an efficient energy 
transfer element, the inductor must fulfill three require- 
ments. First, the inductance must be low enough for the 
inductor to store adequate energy under the worst case 
condition of minimum input voltage and switch-ON time. 
The inductance must also be high enough so that maxi- 
mum current ratings of the LT1 109 and inductor are not 
exceeded at the other worst case condition of maximum 
input voltage and ON time. Additionally, the inductor core 
must be able to store the required flux; i.e., it must not 
saturate. At power levels generally encountered with 
LT1109 designs, small ferrite surface-mount inductors 
will function well. Lastly, the inductor must have suffi- 
ciently low DC resistance so that excessive power is not 
lost as heat in the windings. Look for DCR values in the 
inductors’ specification tables; values under 0.5L2 will give 
best efficiency. An additional consideration is Electro- 
Magnetic Interference (EMI). Toroid and pot core type 
inductors are recommended in applications where EMI 
must be kept to a minimum; for example, where there are 
sensitive analog circuitry or transducers nearby. Rod core 
types are a less expensive choice where EMI is not a 
problem. 

Specifying a proper inductor for an application requires 
first establishing minimum and maximum input voltage, 
outputvoltage, and output current. In a step-up converter, 
the inductive events add to the input voltage to produce the 
outputvoltage. Power required from the inductor is deter- 
mined by 

Pl = (Vout + V d -V| N ) (lout) (01) 


where V D is the diode drop (0.5V for a 1 N581 8 Schottky). 
Energy required by the inductor per cycle must be equal or 
greater than 

P L 

F osc 

in order for the converter to regulate the output. 

When the switch is closed, current in the inductor builds 
according to 




~ R '0 
1-e l 

y 


(03) 


where R' is the sum of the switch equivalent resistance 
(0.8 typical at 25°C) and the inductor DC resistance. When 
the drop across the switch is small compared to Vin, the 
simple lossless equation 



(04) 


can be used. These equations assume that at t = 0, 
inductor current is zero. This situation is called “discon- 
tinuous mode operation” in switching regulator parlance. 
Setting “t” to the switch-ON time from the LT1 1 09 speci- 
fication table (typically 4.2ns) will yield Ipeak fora specific 
“L” and V !N . Once I PEA k is known, energy in the inductor 
at the end of the switch-ON time can be calculated as 

e l = 2 LI peak ( 05 ) 

El must be greater than Pl/Fosc forthe converterto deliver 
the required power. For best efficiency Ipeak should be 
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kept to 600mA or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
low a value as possible in order to keep switch, diode and 
inductor losses at a minimum. 

As an example, suppose 12V at 60mA is to be generated 
from a 4.5V input. Recalling Equation 01 , 

P L = (1 2V + 0.5V - 4.5V) (60mA) = 480mW. (06) 

Energy required from the inductor is 


Pl _480mW 
Fqsc" 120kHz 


4.0[xJ. 


(07) 


Picking an inductor value of 33|xH with 0.2£2 DCR results 
in a peak switch current of 


peak = 


4.5V 


1.00 


1-e 


-1 .0 • 4.2jj.s 
33jxH 


= 538m A. (08) 


Substituting Ipeak into Equation 03 results in 

E L = | (33|xH)(0.538A) 2 = 4.77|xJ. (09) 

Since 4.77|xJ > 4pJ the 33|xH inductor will work. This trial- 
and-error approach can be used to select the optimum 
inductor. Keep in mind the switch current maximum rating 
of 1.2A. If the calculated peak current exceeds this, the 
input voltage must be increased or the load decreased. 


Capacitor Selection 

The output capacitor should be chosen on the basis of its 
equivalent series resistance (ESR). Surface-mount tanta- 
lum electrolytics can be used provided the ESR value is 
sufficiently low. An ESR of 0.1 Q will result in a 50mV step 
at the output of the converter when the peak inductor 
current is 500mA. Physically larger capacitors have lower 
ESR. 


Diode Selection 

Speed, forward drop, and leakage current are the three 
main considerations in selecting a catch diode for LT1 1 09 
converters. General purpose rectifiers such as the 1 N4001 


are unsuitable for use in any switching regulator applica- 
tion. Although they are rated at 1 A, the switching time of 
a 1 N4001 is in the 1 0ps-50ps range. At best, efficiency will 
be severely compromised when these diodes are used; at 
worst, thecircuit may not work at all. Most LT1 109 circuits 
will be well served by a 1N5818 Schottky diode. The 
combination of 500mV forward drop at 1A current, fast 
turn-ON and turn-OFF time, and 4/iA to 1 0jxA leakage 
current fit nicely with LT1109 requirements. At peak 
switch currents of 100mA or less, a 1N4148 signal diode 
may be used. This diode has leakage current in the 1 nA to 
5nA range at 25°C and lower cost than a 1N5818. 


Table 1. Inductor Manufacturers 


MANUFACTURER 

PART NUMBERS 

Caddell-Burns 

258 East Second Street 

Mineola, NY 11 501 

516-746-2310 

7120 Series 

Coiltronics Incorporated 

6000 Park of Commerce Blvd. 

Boca Raton, FL 33487 

407-241-7876 

Surface Mount 
CTX33-1 

Coilcraft 

1102 Silver Lake Road 

Cary, IL 60013 

708-639-6400 

DT331 6 Series 

Sumida Electric Co., Ltd. 

637 E. Golf Road, Suite 209 

Arlington Heights, IL 60005 

708-956-0666 

CD54 

CD105 

Surface Mount 

Table 2. Capacitor Manufacturers 

MANUFACTURER 

PART NUMBERS 

Sanyo Video Components 

2001 Sanyo Avenue 

San Diego, CA 92173 

619-661-6835 

OS-CON Series 

Matsuo Electronics 

2134 Main Street, Suite 200 

Huntington Beach, CA 92648 

714-969-2491 

267 Series 

Kemet Electronics Corporation 

Box 5928 

Greenville, SC 29606 

803-963-6621 

T491 Series 

Philips Components 

2001 W. Blue Heron Blvd. 

P.O.Box 10330 

Riviera Beach, FL 33404 

407-881-3200 

49MC Series 
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TYPICAL APPLICATION 


3-Pin Package Flash Memory VPP Generator 3V to 5V Converter 



QUIESCENT CURRENT = 0 IN SHUTDOWN 


3V to 1 2V Converter 3V to 5V Converter with Shutdown 



LT1109.TA07 SHUTDOWN *L1 = SUMIDA CD54-220LC 

LT1109-TA08 


4-324 






LT1109A 



urm 


TECHNOLOGY 


Micropower 
DC/DC Converter 
Flash Memory VPP Generator 
Adjustable and Fixed 5V, 12V 


FCATURCS 

■ Uses Off-the-Shelf Inductors 

■ Low Cost 

■ 8-Pin DIP or SO Package 

■ Fixed 5 V or 12V Output or Adjustable Version 

■ Only Four External Components Required 

■ 360pA Standby Current 

■ Logic-Controlled Shutdown 

APPUCATIORS 

■ Flash Memory VPP Generators 

■ 5V to 12V Converters 

■ 3.3V to 12V Converters 

■ Disk Drives 

■ PC Plug-In Cards 

■ Peripherals 

■ Battery-Powered Equipment 


DCSCRIPTIOn 

The LT1 1 09A is a simple step-up DC/DC converter. The 8- 
pin DIP or SOIC devices require only tour external compo- 
nents to construct a complete DC/DC converter. Current 
drain is just 360pA at no load, making the device ideal tor 
cost-sensitive applications where standby current must 
be kept to a minimum. 

The LT 1 1 09A-1 2 can deliver 1 2V at over 1 50mA from a 5 V 
supply, enough power to program four flash memory 
chips simultaneously. The LT1 1 09A-5 can deliver 5V at up 
to 1 1 0mA from a 2V input. The devices feature a shutdown 
pin that turns off the oscillator when taken low. The gated- 
oscillator design requires no frequency compensation 
components. High frequency 120kHz operation permits 
the use of small surface mount inductors and capacitors. 


TVPICRL APPUCATIOR 


All Surface Mount 
Flash Memory VPP Generator 


+V| N _ 
5 V 
Cl 

22(j.F‘ 

10V 





sw 

V| N SENS? 
LT1 1 D9ACS8-12 

SHUTDOWN 
f-'GND GND 

XT 


_ VouT 
12 V 

C2 

i 47piF 

-±r 20V 


COILTRONICS CTX33-2 
SUMIDA CD54-330LC 
1 = PROGRAM 
0 = SHUTDOWN 



OUTPUT CURRENT (mA) 


1109ATA02 



XT UDSQB 
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absolute mnximum ratirgs 


(Voltages Referred to GND Pin) 

Supply Voltage (Vin) -0.4V to 20V 

SW Pin Voltage -0.4V to 50V 

Feedback Pin Voltage (LT1 1 09A) 5.5V 

Shutdown Pin Voltage 5.5V 


Switch Current 2A 

Maximum Power Dissipation 300mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/OAD€R lAFOAmATIOn 



TOP VIEW 


VinU 


X] FB (SENSE)* 

NC [7 


J_\ SHUTDOWN 

sw [7 


7] NC 

PGND [7 


X] gnd 


ORDER PART 
NUMBER 

S8 PART 
MARKING 

LT1109ACS8 
LT1109ACS8-5 
LT1 1 09ACS8-1 2 

1109A 

1109A5 

1109A1 


N8 PACKAGE 
8-LEAD PLASTIC DIP 
'FIXED VERSIONS 

TjmAX = 90°C, 0ja = 130°C/W 


ORDER PART 
NUMBER 


LT1109ACN8 

LT1109ACN8-5 

LT1109ACN8-12 


Vm 3 

NC [E | 
swU^ 

PGND [7 § 


T] FB (SENSE)* 
7] SHUTDOWN 
T|NC 
X]gnd 


S8 PACKAGE 
8-LEAD PLASTIC SO 
‘FIXED VERSIONS 
Tjmax = 90°C, 0j A = 150°C/W 


Consult factory for Industrial and Military grade parts. 


€l€CTAICAl CHARACTERISTICS Ta = 25°C, Vin = 3V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

>q 

Quiescent Current 

Switch Off 

• 


360 

500 

pA 

Vin 

Input Voltage 


• 

2 


9 

V 


Comparator Trip Point Voltage 

LT1109A 

• 

1.20 

1.25 

1.30 

V 

VoUT 

Output Sense Voltage 

LT1 109A-5; 2V < V, N < 5 V 

• 

4.75 

5.00 

5.25 

V 



LT1109A-12; 2V<V (N <12V 


11.52 

12.00 

12.55 

V 


Comparator Hysteresis 

LT1109A 



8 

12.5 

mV 


Output Voltage Ripple 

LT1109A-5 

• 


25 

50 

mV 



LT1109A-12 

• 


60 

120 

mV 

fosc 

Oscillator Frequency 



105 

120 

135 

kHz 




• 

95 


155 

kHz 

Ton 

Switch On Time 



4.1 

5.5 

6.9 

ps 




• 

3.8 


7.4 

MS 

DC 

Duty Cycle 

Full Load 

• 

60 

68 

77 

% 

VCESAT 

Switch Saturation Voltage 

Vin = 3V,I S w = 650mA 



0.5 

0.65 

V 

' 


V,n = 5V,Isw = 1A 



0.7 

1.00 

V 


Switch Leakage Current 

V S w = 12V 



1 

10 

mA 

V|H 

SHUTDOWN Pin High 


• 

2.0 

V 

V|L 

SHUTDOWN Pin Low 


• 

0.8 

V 

IlH 

SHUTDOWN Pin Input Current 

^SHUTDOWN ^ 2.0V 

• 

10 

mA 

II 

SHUTDOWN Pin Input Current 

0 V < Vshutdown ^ 0-6V 

• 

20 

mA 


The • denotes specifications which apply over the full operating 
temperature range. 
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LT1109A 


TYPICAL P€RFOP*nnnC€ CHARACTCRISTICS 


Efficiency 


Oscillator Frequency 


Duty Cycle 


1 1 1 

V|N = 5V 

Vout = 12V 

LOAD = 120mA 





L = 

zyjaM 
























4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 

INPUT VOLTAGE (V) 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 


80 





mm 






mm 

^ /u 

$£> 


" 





S 65 
g 






q 60 





m 

55 

50 





mm 


-50 -25 0 25 50 

TEMPERATURE (°C) 


Switch Saturation Voltage 


Switch Saturation Voltage 


Switch On Time 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.1 

I SWITCH ( A ) 


isw = 

650mA 











































-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 



I 


0 25 50 

TEMPERATURE (°C) 


Quiescent Current 


Quiescent Current 


500 














4UU 






■ — 

350 







300 







250 

200 








-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 


Ta 

~=2i 

°C 
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TYPICAL P€RFORmnnC€ CHnftnCTCRISTICS 


LT1109A-12 
Output Voltage 



TEMPERATURE (°C) 


1109AG09 


Minimum/Maximum 
Oscillator Frequency vs toN 



o 


90 

80 LJ 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 
t0N (PS) 


BLOCK DIBGRnmS 


LT1109A-5, LT1109A-12 


LT1109A (Adjustable) 


V| N SENSE SW 



V| N FB SW 



*LT1 109A-5: R1 = 83k 
LT1109A-12: R1 = 29k 
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LT1109A 


OPCRflTIOn 

The LT1109A is a micropower step-up DC/DC converter. 
It uses Burst Mode™ operation to achieve micropower 
operation yet still deliver more than 2W of output power 
from a 5 V supply. Circuit operation can be best under- 
stood by ref erring to the LT1109A block diagram. With 
SHUTDOWN high, comparator A1 compares the feedback 
(FB) pin voltage with the 1 .25 V reference signal. When FB 


drops below 1 ,25V, A1 switches on the 120kHz oscillator. 
The driver amplifier boosts the signal level to drive the 
output NPN power switch. When the FB voltage is sufficient 
to trip A1 , the oscillator is turned off. A low signal on the 
shutdown pi n gates off the oscillator, overriding A1 . With 
SHUTDOWN low, quiescent current remains at 360pA. 

Burst Mode™ is a trademark of Linear Technology Corporation 


nppucOTions mFORmnnon 


Inductor Selection are unsuitable for use in any switching regulator applica- 

A DC/DC converter operates by storing energy as mag- tio "; they are rated at 1 A, the switching time of 

netic flux in an inductor core, and then switching this a n N J 001 's m the 10ps to 50^ range. At best, efficiency 

energy into the load. To operate as an efficient energy Wl11 be severely compromised if this diode is used; at 

transfer element, the inductor must fulfill three require- ‘ he Cl ^ u,t w ° rk a all. The 1N5818 is an 

merits: inductance value, saturation current and DC resis- ldeal . choice or LJH 09A circuits. Surface-mountable 
tance. Afourth requirement is physical size. The inductors versions ’ such as the MBRS130T3, are available as well, 
recommended with the LT1109A circuits are small, sur- . . 

faro-rrmiintahlo anrl 3 ro rlocinnoH for o\A/itrh-mnHo annli- Table 1 . Inductor Manufacturers 

cations. Avoid using RF chokes nr air core units sin ce they manufacturer 

PART NUMBERS 

have very low peak current ratings. The LT1 1 09A works coiitronics international 
best in situations where the input voltage does not vary 984 s w - 13,h Court 
much since the device has no internal switch current limit 305 ^ 78 i° 890 o Ch FL 33 ° 69 

Surface Mount 

OCTA-PAC™ Series 

Tunciion. ror situations wnere me input voltage vanes, 
such as battery inputs, the LT1 1 07 or LT1 1 1 1 is suggested 

mstead - Arlington Heights, IL 60005 

7 08-956-0666 

CD54 

CD105 

Surface Mount 

UdpdUlUl ocIctUUll OCTA-PAC™ is a trademark of Coiitronics International 

The output capacitor should be chosen on the basis of its 

eauivalent series resistance fESRI and caoacitance value. Table 2. Capacitor Manufacturers 

Low ESR tantalum surface-mountable capacitors such as manufacturer 

PART NUMBERS 

those made by AVX are well-suited for DC/DC converter avx 
applications. Inexpensive aluminum electrolytics may have Myrtle Beach, sc 29578 
excessive ESR, resulting in high output ripple. These 803-946-0690 

TPS Series 

should be avoided. Philips Components 

2001 W. Blue Heron Blvd. 

Diode Selection p 0 Box 1 0330 

Riviera Beach, FL 33404 

Speed, forward drop, and leakage current are the three 407 - 881-3200 

49MC Series 

main considerations in selecting a diode for LT1109A Sanyo video components 
converters. General purpose rectifiers such as the 1 N4001 1 201 Sanyo Avenue 

San Diego, CA 92073 

619-661-6322 

OS-CON Series 



xtu m 
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TVPicni nppucnnons 


3.3V Powered Flash Memory VPP Generator 



* COILTRONICS CTX20-1 
SUMIDA CD54-220LC 
“AVXTPS SERIES 


2V Powered Flash Memory VPP Generator 



‘COILTRONICS CTX10-1 
SUMIDA CD54-100LC 
“AVXTPS SERIES 


2V to 5V Converter 5V to 1 2V Converter with Shutdown to OV at Output 



SUMIDA CD54-100LC 


* * AVX TPS SERIES 1109 atao6 * COILTRONICS CTX33-2 

SUMIDA CD54-330LC 
“AVXTPS SERIES 
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Micropower 
DC/DC Converter 
Adjustable and Fixed 5V, 12V 


KATURCS 


DCSCRIPTIOA 


■ Operates at Supply Voltages from 2V to 30V 

■ 72kHz Oscillator 

■ Works with Surface Mount Inductors 

■ Only Three External Components Required 

■ Step-Up or Step-Down Mode 

■ Low-Battery Detector Comparator On-Chip 

■ User Adjustable Current Limit 

■ Internal 1A Power Switch 

■ Fixed or Adjustable Output Voltage Versions 

■ Space Saving 8-Pin MiniDIP or SO-8 Package 

APPUCATIOnS 

■ 3V to 5V, 5 V to 1 2 V Converters 

■ 9V to 5 V, 12V to 5 V Converters 

■ Remote Controls 

■ Peripherals and Add-On Cards 

■ Battery Backup Supplies 

■ Uninterruptible Supplies 

■ Laptop and Palmtop Computers 

■ Cellular Telephones 

■ Portable Instruments 

■ Flash Memory VPP Generators 


The LT1111 is a versatile micropower DC/DC converter. 
The device requires only three external components to 
deliver a fixed output of 5V or 1 2V. Supply voltage ranges 
from 2 V to 1 2 V in step-up mode and to 30V in step-down 
mode. The LT1 1 1 1 functions equally well in step-up, step- 
down, or inverting applications. 

The LT1111 oscillator is set at 72kHz, optimizing the 
deviceto work with off-the-shelf surface mount inductors. 
The device can deliver 5 V at 100mA from a 3 V input in 
step-up mode or 5 V at 200mA from a 1 2 V input in step- 
down mode. 

Switch current limit can be programmed with a single 
resistor. An auxiliary open-collector gain block can be 
configured as a low-battery detector, linear post regulator, 
undervoltage lock-out circuit, or error amplifier. 

For input sources of less than 2 V use the LT1110. 



TYPICAL Application 


All Surface Mount 3V to 5V Step-Up Converter 


SUMIDA 



Typical Load Regulation 











_V| N 

kH 

: 2V 

2.2 

L 

2.4 

«v 

2.6 

2.8 

3V 



















| 







0 25 50 75 100 125 150 175 200 


LOAD CURRENT (mA) 

LT1111 • TA02 
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LT1111 


rbsoiutc mnximum rrtirgs 


Supply Voltage (Vin) 36V 

SW1 Pin Voltage (V S wi) 50V 

SW2 Pin Voltage (V$ W 2 ) -0.5V to V| N 

Feedback Pin Voltage (LT1 111) 5.5V 

Switch Current 1.5A 

Maximum Power Dissipation 500mW 


Operating Temperature Range 

LT1111C 0°C to 70°C 

LT11 11 1 -40°C to 105°C 

LT1111M -55°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG6/ORD6R mFORIflRTIOn 





ORDER PART 




ORDER PART 


TOP VIEW 


NUMBER 


TOP VIEW 


NUMBER 

•lim (T 

vy 

J] FB (SENSE)* 

LT1111CN8 

ium he 

1 

T] FB (SENSE)* 

LT1111CS8 

VinE 


7] SET 

LT1111CN8-5 

VinOE 


7] SET 

LT1 111 CS8-5 

SW1 \J 


J] AO 

LT1 1 1 1 CN8-12 

swi [T 


T] AO 

LT1 1 1 1CS8-12 

SW2 [T 


J] GND 

LT1111MJ8 

SW2 [7 

j 

T\ GND 

LT1111IS8 

J8 PACKAGE N8 PACKAGE 

LT1111MJ8-5 


S8 PACKAGE 


S8 PART MARKING 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

LT1111MJ8-12 

8-LEAD PLASTIC SO 


*FIXED VERSIONS 


‘FIXED VERSION 


mi 

Tjmax 

= 150°C, 0j A = 1 20°C/W (J) 


Tjmax = 90°C, e JA = 150°C/W 

11115 

Tjmax = 90°C, e JA = 130°C/W(N) 





11111 








mu 


6L6CTRICRL CHARACTERISTICS Vim = 3V, Military or Commercial Version 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Switch OFF 



300 

400 

pA 

V|N 

Input Voltage 

Step-Up Mode 

• 

2.0 


12.6 

V 



Step-Down Mode 

• 



30.0 

V 


Comparator Trip Point Voltage 

LT1111 (Note 1) 

• 

1.20 

1.25 

1.30 

V 

VoUT 

Output Sense Voltage 

LT1111-5 (Note 2) 

• 

4.75 

5.00 

5.25 

V 



LT1111-12 (Note 2) 


11.40 

12.00 

12.60 

V 


Comparator Hysteresis 

LT 1111 

• 


8 

12.5 

mV 


Output Hysteresis 

LT1111-5 

• 


32 

50 

mV 



LT1111-12 

• 


75 

120 

mV 

fosc 

Oscillator Frequency 



54 

72 

88 

kHz 

DC 

Duty Cycle: Step-Up Mode 

Full Load 


43 

50 

59 

% 


Step-Down Mode 



24 

34 

50 

% 

*ON 

Switch ON Time: Step-Up Mode 

Ium Tied to V !N 


5 

7 

9 

ps 


Step-Down Mode 

Vout. = 5V, Vim = 12V 


3.3 

5 

7.8 

ps 

VsAT 

SW Saturation Voltage, Step-Up Mode 

Vim = 3.0V, l sw = 650mA 



0.5 

0.65 

V 



Vim = 5.0V, l sw = 1A 



0.8 

1.0 

V 


SW Saturation Voltage, Step-Down Mode 

V||\j = 12V, l sw = 650mA 



1.1 

1.5 

V 

>FB 

Feedback Pin Bias Current 

LT1 1 1 1 , V FB = 0V 

• 


70 

120 

nA 

■set 

Set Pin Bias Current 

VSET = Vref 

• 


70 

300 

nA 

VqL 

Gain Block Output Low 

Isink = 300|liA, Vset = 1 -00V 

• 


0.15 

0.4 

V 
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ELECTRICAL CHARACTERISTICS V| N = 3V, Military or Commercial Version 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 


Reference Line Regulation 

5V < Vim < 30V 

2V < V| N < 5V 

• 

0.02 0.075 

0.20 0.400 

%/V 

%/v 

Av 

Gain Block Gain 

R L = 100k (Note 3) 

• 

1000 6000 

v/v 

•lim 

Current Limit 

220Q from Ilim to Vin 


400 

mA 


Current Limit Temperature Coefficient 


• 

-0.3 

%/°C 


Switch OFF Leakage Current 

Measured at SW1 Pin, Vswi = 12V 


1 10 

PA 


Maximum Excursion Below GND 

Iswi^ IOjxA, Switch OFF 


-400 -350 

mV 


Vin = 3V, -55°C < Ta < 125°C unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1111M 

MIN TYP MAX 

UNITS 

Iq 

Quiescent Current 

Switch OFF 

• 

300 500 

mA 

fosc 

Oscillator Frequency 


• 

45 72 100 

kHz 

DC 

Duty Cycle: Step-Up Mode 

Step-Down Mode 

Full Load 

• 

• 

40 50 62 

20 55 

% 

% 

tON 

Switch ON Time: Step-Up Mode 

Step-Down Mode 

Ilim Tied to Vin 

V 0 ut = 5V,V in = 12V 


5 7 11 

3 9 

JJS 

ps 


Reference Line Regulation 

2V < Vin < 5V, 25°C<T a <125°C 

2.4V < V,n < 5V, T A = -55°C 


0.2 0.4 

0.8 

%/V 

%/V 

V SAT 

SW Saturation Voltage, Step-Up Mode 

0°C < T A < 125°C, Isw = 500mA, 

T A = -55°C, Isw = 400mA 


0.5 0.65 

V 

SW Saturation Voltage, Step-Down Mode 

Vin = 12V, 
l$w = 500mA 

0°C < T A < 1 25°C 


1.5 

V 

T A = -55°C 


2.0 

V 


V| N = 3V, 0°C < Ta < 70°C unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1111C 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Switch OFF 

• 

300 


450 

mA 

fosc 

Oscillator Frequency 


• 

54 

72 

95 

kH 

DC 

Duty Cycle: Step-Up Mode 

Full Load 

• 

43 

50 

59 

% 


Step-Down Mode 


• 

24 

34 

50 

% 

tON 

Switch ON Time: Step-Up Mode 

Ilim Tied to Vim 

• 

5.0 

7 

9.0 

MS 


Step-Down Mode 

Vout = 5V,V, n = 12V 

• 

3.3 

5 

7.8 

MS 


Reference Line Regulation 

2V<V| N <5V 

• 


0.2 

0.7 

%/V 

VSAT 

SW Saturation Voltage, Step-Up Mode 

V| N = 3V, l sw = 650mA 

• 


0.5 

0.65 

V 


SW Saturation Voltage, Step-Down Mode 

V||\| = 12V, Isw = 650mA 

• 


1.1 

1.50 

V 


The • denotes specifications which apply over the full operating Note 2: The output voltage waveform will exhibit a sawtooth shape due to 

temperature range. the comparator hysteresis. The output voltage on the fixed output versions 

Note 1: This specification guarantees that both the high and low trip points wil1 always be within the specified range, 
of the comparator fall within the 1 ,20V to 1 ,30V range. Note 3: 1 00k resistor connected between a 5 V source and the AO pin. 
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TVPICAl P€RFORmnnC€ CHARACTERISTICS 


400 
380 
,360 
' 340 
320 
300 
280 
260 
240 
220 
200 


Quiescent Current 


Quiescent Current 


9 12 15 18 21 24 27 30 
INPUT VOLTAGE (V) 

LT1111 • TPC10 



0 25 50 75 

TEMPERATURE (°C) 


Maximum Switch Current 
vs Rum 

1.5 rn | n r- 

1.4 

1.3 



10 100 1000 
Rlim (^) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT11 1 1 • TPC13 



50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT 1111 • TPC14 



Pin Funcnons 

Ium (Pin 1 ): Connect this pin to Vin for normal use. Where 
lower current limit is desired, connect a resistor between 
Ium and Vin. A 2200 resistor will limit the switch current 
to approximately 400mA. 

Vin (Pin 2): Input Supply Voltage. 

SW1 (Pin 3): Collector of Power Transistor. For step-up 
mode connect to inductor/diode. For step-down mode 
connect to Vin. 

SW2 (Pin 4): Emitter of Power Transistor. For step-up 
mode connect to ground. For step-down mode connect to 
inductor/diode. This pin must never be allowed to go more 
than a Schottky diode drop below ground. 


GND (Pin 5): Ground. 

AO (Pin 6): Auxiliary Gain Block (GB) Output. Open collector, 
can sink 300|iA. 

SET (Pin 7): GB Input. GB is an op amp with positive input 
connected to SET pin and negative input connected to 
1 .25 V reference. 

FB/SENSE (Pin 8): On the LT1111 (adjustable) this pin 
goes to the comparator input. On the LT1111-5 and 
LT1 1 1 1 -1 2, this pin goes to the internal application resistor 
that sets output voltage. 


xt mm 
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BLOCK DlflGRflmS 


min 


LT1111-5/LT1111-12 




GND 


LT1111 • BD02 


mm opcftOTion 

The LT1111 is a gated oscillator switcher. This type 
architecture has very low supply current because the 
switch is cycled when the feedback pin voltage drops 
below the reference voltage. Circuit operation can best be 
understood by referring to the LT1111 block diagram. 
Comparator A1 compares the feedback (FB) pin voltage 
with the 1.25V reference signal. When FB drops below 
1.25V, A1 switches on the 72kHz oscillator. The driver 
amplifier boosts the signal level to drive the output NPN 
power switch. The switch cycling action raises the output 
voltage and FB pin voltage. When the FB voltage is suffi- 
cient to trip A1 , the oscillator is gated off. A small amount 
of hysteresis built into A1 ensures loop stability without 
external frequency compensation. When the comparator 
output is low, the oscillator and all high current circuitry is 
turned off, lowering device quiescent current to just 300pA. 
The oscillator is set internally for 7pis ON time and 7p.s OFF 
time, optimizing the device for circuits where Vout and Vin 
differ by roughly a factor of 2. Examples include a 3V to 5 V 
step-up converter or a 9 V to 5 V step-down converter. 


Gain block A2 can serve as a low-battery detector. The 
negative input of A2 is the 1 ,25V reference. A resistor 
divider from Vin to GND, with the mid-point connected to 
the SET pin provides the trip voltage in a low-battery 
detector application. AO can sink 300pA (use a 22k 
resistor pull-up to 5 V). 

A resistor connected between the Ilim pin and Vim sets 
maximum switch current. When the switch current ex- 
ceeds the set value, the switch cycle is prematurely 
terminated. If current limit is not used, Ilim should be tied 
directly to Vin. Propagation delay through the current limit 
circuitry is approximately 1 pis. 

In step-up mode the switch emitter (SW2) is connected to 
ground and the switch collector (SW1) drives the induc- 
tor; in step-down mode the collector is connected to Vin 
and the emitter drives the inductor. 

The LT1 1 1 1 -5 and LT1 1 1 1 -1 2 are functionally identical to 
the LT1 1 1 1 . The -5 and -1 2 versions have on-chip voltage 
setting resistors for fixed 5V or 12V outputs. Pin 8 on the 
fixed versions should be connected to the output. No 
external resistors are needed. 
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Inductor Selection — General 


p L^fosc 


( 02 ) 


A DC/DC converter operates by storing energy as mag- 
netic flux in an inductor core, and then switching this 
energy into the load. Since it is flux, not charge, that is 
stored, the output voltage can be higher, lower, or oppo- 
site in polarity to the input voltage by choosing an 
appropriate switching topology. To operate as an efficient 
energy transfer element, the inductor must fulfill three 
requirements. First, the inductance must be low enough 
for the inductor to store adequate energy under the worst 
case condition of minimum input voltage and switch-on 
time. The inductance must also be high enough so maxi- 
mum current ratings of the LT1111 and inductor are not 
exceeded at the other worst case condition of maximum 
input voltage and ON time. Additionally, the inductor core 
must be able to store the required flux; i.e., it must not 
saturate. At power levels generally encountered with 
LT1111 based designs, small surface mount ferrite core 
units with saturation current ratings in the 300mA to 1 A 
range and DCR less than 0.4Q (depending on application) 
are adequate. Lastly, the inductor must have sufficiently 
low DC resistance so excessive power is not lost as heat 
in the windings. An additional consideration is Electro- 
Magnetic Interference (EMI). Toroid and pot core type 
inductors are recommended in applications where EMI 
must be kept to a minimum; for example, where there are 
sensitive analog circuitry ortransducers nearby. Rod core 
types are a less expensive choice where EMI is not a 
problem. Minimum and maximum input voltage, output 
voltage and output current must be established before an 
inductor can be selected. 

Inductor Selection — Step-Up Converter 

In a step-up, or boost converter (Figure 4), power gener- 
ated by the inductor makes up the difference between 
input and output. Power required from the inductor is 
determined by: 

P L = ( V OUT +V D _V INMIn)('oUt) ( 01 ) 

where Vq is the diode drop (0.5V for a 1 N581 8 Schottky). 
Energy required by the inductor per cycle must be equal or 
greater than: 


in order for the converter to regulate the output. 

When the switch is closed, current in the inductor builds 
according to: 



-R'O 
1-e L 

J 


(03) 


where R' is the sum of the switch equivalent resistance 
(0.80 typical at 25°C) and the inductor DC resistance. 
When the drop across the switch is small compared to Vin, 
the simple lossless equation: 


l L (t) = ^t (04) 

can be used. These equations assume that at t = 0, 
inductor current is zero. This situation is called “discon- 
tinuous mode operation” in switching regulator parlance. 
Setting “t” to the switch-on time from the LT1111 speci- 
fication table (typically 7ps) will yield Ipeak for a specific 
“L” and V|fj. Once Ipeak is known, energy in the inductor 
at the end of the switch-on time can be calculated as: 


El4 u peak (° 5 ) 

El must be greater than PL/fosc for the converter to deliver 
the required power. For best efficiency Ipeak should be 
kept to 1A or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
low a value as possible in order to keep switch, diode and 
inductor losses at a minimum. 

As an example, suppose 12V at 60mA is to be generated 
from a 4.5V to 8 V input. Recalling equation (01), 

P L = (1 2V + 0.5V - 4.5V)(60mA) = 480mW (06) 

Energy required from the inductor is 


P L _ 480mW 
f 0 SC~ 72kHz 


6.7jLtJ 


(07) 



jjvm 
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flppucATions inFORmnTion 

Picking an inductor value of 47|xH with 0.2Q DCR results 
in a peak switch current of: 


'peak = 


4.5V 


1.0Q 


1-e 


-1.0Qx7ps 

47(xH 


= 623mA. 


(08) 


Substituting Ipeak into Equation 04 results in: 


E L = 1 (47jaH) (0.623A) 2 = 9.1jiJ (09) 

Since 9.1|xJ > 6.7|xJ, the 47jxH inductor will work. This 
trial-and-error approach can be used to select the opti- 
mum inductor. Keep in mind the switch current maximum 
rating of 1 .5A. If the calculated peak current exceeds this, 
consider using the LT1110. The 70% duty cycle of the 
LT1110 allows more energy per cycle to be stored in the 
inductor, resulting in more output power. 

A resistor can be added in series with the Ilim P' n to invoke 
switch current limit. The resistor should be picked so the 
calculated Ipeak at minimum V^ is equal to the Maximum 
Switch Current (from Typical Performance Characteristic 
curves). Then, as Vin increases, switch current is held 
constant, resulting in increasing efficiency. 


Inductor Selection — Step-Down Converter 

The step-down case (Figure 5) differs from the step-up in 
that the inductor current flows through the load during 
both the charge and discharge periods of the inductor. 
Current through the switch should be limited to ~650mA 
in this mode. Higher current can be obtained by using an 
external switch (see Figure 6). The Ilim pin is the key to 
successful operation over varying inputs. 

After establishing output voltage, output current and input 
voltage range, peak switch current can be calculated by the 
formula: 


■peak = 


2 ■out 
DC 


V OUT + V D 
V IN~ V SW + V D 


where DC = duty cycle (0.50) 

V S w = switch drop in step-down mode 
V D = diode drop (0.5V for a 1N5818) 


( 10 ) 


Iout = output current 
Vout = output voltage 
Vin = minimum input voltage 

Vsw is actually a function of switch current which is in turn 
a function of Vin, L, time, and Vout- To simplify, 1 .5 V can 
be used for Vsw as a very conservative value. 

Once Ipeak is known, inductor value can be derived from: 


L _ VlNMIN -VSW-VOUT 

■peak 


xt ON 


( 11 ) 


where toN = switch-on time (7ns). 

Next, the current limit resistor Rlim is selected to give 
■peak from the Rum Step-Down Mode curve. The addition 
of this resistorkeeps maximum switch current constant as 
the input voltage is increased. 

As an example, suppose 5 V at 300mA is to be generated 
from a 12V to 24V input. Recalling Equation (10), 


■peak = 


2 (300m A) T 5 + 0.5 

0.50 12-1.5 + 0.5 


= 600mA 


( 12 ) 


Next, inductor value is calculated using Equation (11): 
12-1 5-5 

L = ' a 7ns = 64nH. (13) 

600mA 

Use the next lowest standard value (56j+H). 

Then pick Rlim from the curve. For Ipeak = 600mA, Rlim 
= 56Q. 


Inductor Selection — Positive-to-Negative Converter 

Figure 7 shows hookup for positive-to-negative conver- 
sion. All of the output power must come from the inductor. 
In this case, 

Pl = (IVoutI + Vd)Oout) (14) 

In this mode the switch is arranged in common collector 
or step-down mode. The switch drop can be modeled as 
a 0.75V source in series with a 0.65£2 resistor. When the 
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switch closes, current in the inductor builds according to 


W = 


Vl 

R' 


-R'O 

1-e L 

V ) 


(15) 


where R' = 0.650 + DCR|_ 

V L = V| N - 0.75V 

As an example, suppose -5 V at 50mA is to be generated 
from a 4.5V to 5.5V input. Recalling Equation (14), 

P L = (I -5V | +0.5V) (50mA) = 275mW (1 6) 

Energy required from the inductor is: 


P L 275mW 
f 0SC " 72kHz 


3.8|aJ. 


(17) 


Picking an inductor value of 56gH with 0.2a DCR results 
in a peak switch current of: 


(4.5V -0.75V) ( -0.850 x 7ns 1 

(18) 

Substituting Ipeak into Equation (04) results in: 

E L = | (56p,H) (0.445A) 2 = 5.54^1 (1 9) 

Since 5.54gJ > 3.82gJ, the 56nH inductor will work. 

With this relatively small input range, Rum is not usually 
necessary and the Ilim pin can be tied directly to V in. As in 
the step-down case, peak switch current should be limited 
to ~650mA. 


Capacitor Selection 


capacitors provide still better performance at more ex- 
pense. We recommend OS-CON capacitors from Sanyo 
Corporation (San Diego, CA). These units are physically 
quite small and have extremely low ESR. To illustrate, 
Figu res 1 , 2, and 3 show the output voltage of an LT1 1 1 1 
based converter with three 100gF capacitors. The peak 
switch current is 500mA in all cases. Figure 1 shows a 
Sprague 501 D, 25 V aluminum capacitor. Vout jumps by 
over 1 20mV when the switch turns off, followed by a drop 
in voltage as the inductor dumps into the capacitor. This 
works out to be an ESR of over 0.24a. Figure 2 shows the 
same circuit, but with a Sprague 150D, 20 V tantalum 
capacitor replacing the aluminum unit. Output jump is 
now about 35mV, corresponding to an ESR of 0.07a. 
Figure 3 shows the circuit with a 16V OS-CON unit. ESR 
is now only 0.02a. 




Figure 2. Tantalum 


Selecting the right output capacitor is almost as important 
as selecting the right inductor. A poor choice for a filter 
capacitor can result in poor efficiency and/or high output 
ripple. Ordinary aluminum electrolytics, while inexpensive 
and readily available, may have unacceptably poor Equiva- 
lent Series Resistance (ESR) and ESL (inductance). There 
are low ESR aluminum capacitors on the market specifi- 
cally designed for switch mode DC/DC converters which 
work much better than general-purpose units. Tantalum 
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Diode Selection 

Speed, forward drop, and leakage current are the three 
main considerations in selecting a catch diode for LT1 1 1 1 
converters. General purpose rectifiers such as the 1 N4001 
are unsuitable for use in any switching regulator applica- 
tion. Although they are rated at 1 A, the switching time of 
a 1 N4001 is in the 1 0jxs to 50(xs range. At best, efficiency 
will be severely compromised when these diodes are 
used; at worst, the circuit may not work at all. Most 
LT1 1 11 circuits will be well served by a 1 N5818 Schottky 
diode, or its surface mount equivalent, the MBRS130T3. 
The combination of 500mV forward drop at 1A current, 
fast turn ON and turn OFF time, and 4p.A to 1 0pA leakage 
current fit nicely with LT1111 requirements. At peak 
switch currents of 100mA or less, a 1 N4148 signal diode 
may be used. This diode has leakage current in the 1 nA to 
5nA range at 25°C and lower cost than a 1 N581 8. (You can 
also use them to get your circuit up and running, but 
beware of destroying the diode at 1A switch currents.) 

Step-Up (Boost Mode) Operation 

A step-up DC/DC converter delivers an output voltage 
higher than the input voltage. Step-up converters are not 
short-circuit protected since there is a DC path from input 
to output. 

The usual step-up configuration for the LT1 1 1 1 is shown 
in Figure 4. The LT1 111 first pulls SW1 low causing Vim — 
Vcesat to appear across LI . A current then builds up in LI . 


LI D1 



Figure 4. Step-Up Mode Hookup. 

Refer to Table 1 for Component Values. 


At the end of the switch ON time the current in LI is 1 : 


lpEAK = Y , t 0N (20) 

Immediately after switch turn-off, the SW1 voltage pin 
starts to rise because current cannot instantaneously stop 
flowing in LI . When the voltage reaches Vqut + Vo, the 
inductor current flows through D1 into Cl, increasing 
Vout- This action is repeated as needed by the LT1 1 1 1 to 
keep Vfb at the internal reference voltage of 1 .25 V. R1 and 
R2 set the output voltage according to the formula 


V OUT = 


/ 

V 



(1.25V) 


( 21 ) 


Step-Down (Buck Mode) Operation 

A step-down DC/DC converter converts a higher voltage 
to a lower voltage. The usual hookup for an LT1 1 1 1 based 
step-down converter is shown in Figure 5. 



When the switch turns on, SW2 pulls up to V| N - V sw . This 
puts a voltage across LI equal to V| N - V S w - Vout, 
causing a current to build up in LI. At the end of the switch 
ON time, the current in LI is equal to: 


i v in-V sw - V 0 ut t 

'peak = , tQN 


( 22 ) 


Note 1: This simple expression neglects the effect of switch and coil 
resistance. This is taken into account in the “Inductor Selection” section. 
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When the switch turns off, the SW2 pin falls rapidly and 
actually goes below ground. D1 turns on when SW2 
reaches 0.4V below ground. D1 MUST BE A SCHOTTKY 
DIODE. The voltage at SW2 must never be allowed to go 
below-0.5V. A silicon diode such as the 1 N4933 will allow 
SW2 to go to -0.8V, causing potentially destructive power 
dissipation inside the LT1111. Output voltage is deter- 
mined by: 


V OUT = 


1 + 


R2 

R1 


(1.25V) 


(23) 


R3 programs switch current limit. This is especially impor- 
tant in applications where the input varies over a wide 
range. Without R3, the switch stays on for af ixed time each 
cycle. Under certain conditions the current in LI can build 
up to excessive levels, exceeding the switch rating and/or 
saturating the inductor. The 100£2 resistor programs the 
switch to turn off when the current reaches approximately 
700mA. When using the LT1111 in step-down mode, 
output voltage should be limited to 6.2V or less. Higher 
output voltages can be accommodated by inserting a 
1N5818 diode in series with the SW2 pin (anode con- 
nected to SW2). 


Higher Current Step-Down Operation 

Output current can be increased by using a discrete PNP 
pass transistor as shown in Figure 6. R1 serves as a 
current limit sense. When the voltage drop across R1 
equals a Vbe, the switch turns off. For temperature com- 
pensation a Schottky diode can be inserted in series with 
the I|_im pin. This also lowers the maximum drop across R1 
to Vbe _ Vq, i ncreasin 9 efficiency. As shown, switch 
current is limited to 2A. Inductor value can be calculated 
based on formulas in the “Inductor Selection — Step- 
Down Converter” section with the following conservative 
expression for V$w: 


V SW = V R1 + v QiSAT “ 1 ov (24) 

R2 provides a current path to turn off Q1 . R3 provides base 
drive to Q1 . R4 and R5 set output voltage. A PMOS FET can 
be used in place of Q1 when Vin is between 1 0V and 20V. 


Q1 

R1 MJE210 OR 



Figure 6. Q1 Permits Higher Current Switching. 

LT1111 Functions as Controller. 

Inverting Configurations 

The LT1111 can be configured as a positive-to-negative 
converter (Figure 7), or a negative-to-positive converter 
(Figure 8). In Figure 7, the arrangement is very similar to 
a step-down, except that the high side of the feedback is 
referred to ground. This level shifts the output negative. As 
in the step-down mode, D1 must be a Schottky diode, 
and I VoutI should be less than 6.2V. More negative out- 
put voltages can be accommodated as in the prior section. 



Figure 7. Positive-to-Negative Converter 


In Figure 8, the input is negative while the output is 
positive. In this configuration, the magnitude of the input 
voltage can be higher or lower than the output voltage. A 
level shift, provided by the PNP transistor, supplies proper 
polarity feedback information to the regulator. 
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Figure 8. Negative-to-Positive Converter 
Using the Ium fin 

The LT1 1 1 1 switch can be programmed to turn off at a set 
switch current, a feature not found on competing devices. 
This enables the input to vary over a wide range without 
exceeding the maximum switch rating or saturating the 
inductor. Consider the case wh ere analysis shows the 
LT1111 must operate at an 800mA peak switch current 
with a 2 V input. If Vin rises to 4V, the peak switch current 
will rise to 1.6A, exceeding the maximum switch current 
rating. With the proper resistor selected (see the “Maxi- 
mum Switch Current vs Ium” characteristic), the switch 
current will be limited to 800mA, even if the input voltage 
increases. 

Another situation where the Ium feature is useful occurs 
when the device goes into continuous mode operation. 
This occurs in step-up mode when: 

V OUT + VpiODE 1 , 25 , 

V IN -V SW 1 — DC ( 1 

When the input and output voltages satisfy this relation- 
ship, inductor current does not go to zero during the 
switch OFF time. When the switch turns on again, the 
current ramp starts from the non-zero current level in the 
inductor just prior to switch turn-on. As shown in Figure 
9, the inductor current increases to a high level before the 
comparatorturns off the oscillator. This high current can 
cause excessive output ripple and requires oversizing the 
output capacitor and inductor. With the Ium feature, 
however, the switch current turns off at a programmed 
level as shown in Figure 10, keeping output ripple to a 
minimum. 



Figure 9. No Current Limit Causes Large Inductor 
Current Build-Up 



Figure 11 details current limit circuitry. Sense transistor 
Q1, whose base and emitter are paralleled with power 
switch Q2, is ratioed such that approximately 0.5% of 
Q2’s collector current flows in Ql’s collector. This current 
is passed through internal 80L2 resistor R1 and out 
through the Ium pin. The value of the external resistor 
connected between Ium and Vin sets the current limit. 
When sufficient switch current flows to develop a Vbe 
across R1 + Rum. Q3 turns on and injects current into the 
oscillator, turning off the switch. Delay through this cir- 
cuitry is approximately Ips. The current trip point be- 
comes less accurate for switch ON times less than 3ps. 
Resistor values programming switch ON time for Ips or 
less will cause spurious response in the switch circuitry 
although the device will still maintain output regulation. 

'lim 

(INTERNAL) 

SW1 


SW2 

Figure 11. LT1111 Current Limit Circuitry 
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Using the Gain Block 

The gain block (GB) on the LT1 1 1 1 can be used as an error 
amplifier, low-battery detector or linear post regulator. 
The gain block itself is a very simple PNP input op amp with 
an open collector NPN output. The negative input of the 
gain block is tied internally to the 1.25V reference. The 
positive input comes out on the SET pin. 

Arrangement of the gain block as a low-battery detector 
is straightforward. Figure 12 shows hookup. R1 and R2 
need only be low enough in value so that the bias current 
of the SET input does not cause large errors. 33k for R2 
is adequate. R3 can be added to introduce asmall amount 
of hysteresis. This will cause the gain block to “snap” 


when the trip point is reached. Values in the 1M to 10M 
range are optimal. However, the addition of R3 will 
change the trip point. 



Table 1. Component Selection for Common Converters 


INPUT 

VOLTAGE 

OUTPUT 

VOLTAGE 

OUTPUT 
CURRENT (MIN) 

CIRCUIT 

FIGURE 

INDUCTOR 

VALUE 

INDUCTOR 

PART NUMBER 

CAPACITOR 

VALUE 

NOTES 

2 to 3.1 

5 

90mA 

4 

15|iH 

S CD75-750K 

33p,F 

* 

2 to 3.1 

5 

10mA 

4 

47juH 

S CD54-470K, C CTX50-1 

10(iF 


2 to 3.1 

12 

30mA 

4 

15nH 

S CD75-150K 

22|iF 


2 to 3.1 

12 

10mA 

4 

47p.H 

S CD54-470K, C CTX50-1 

10|aF 


5 

12 

90mA 

4 

33|^H 

S CD75-330K 

22|nF 


5 

12 

30mA 

4 

47|aH 

S CD75-470K, C CTX50-1 

15jiF 


6.5 toll 

5 

50mA 

5 

15nH 

S CD54-150K 

47p,F 

** 

12 to 20 

5 

300mA 

5 

56jiiH 

S CD105-560K, C CTX50-4 

47(iF 

** 

20 to 30 

5 

300mA 

5 

120JHH 

S CD105-121K, C CTX100-4 

47|iF 

** 

5 

-5 

75mA 

6 

56(iH 

S CD75-560K, C CTX50-4 

47|liF 


12 

-5 

250mA 

6 

120pH 

S CD105-121K, C CTX100-4 

IOOjliF 

** 


S = Sumida * Add 47Q from Ium to Vin 
C = Coiltronics ** Add 220Q from Ium to Vin 


Table 2. Inductor Manufacturers 

MANUFACTURER 

PART NUMBERS 

Coiltronics Incorporated 

6000 Park of Commerce Blvd. 

Boca Raton, FL 33487 

407-241-7876 

CTX100-4 Series 
Surface Mount 

Toko America Incorporated 

1250 Feehanville Drive 

Mount Prospect, IL 60056 

312-297-0070 

Type 8RBS 

Sumida Electric Co. USA 

708-956-0666 

CD54 

CDR74 

CDR105 

Surface Mount 


Table 3. Capacitor Manufacturers 

MANUFACTURER 

PART NUMBERS 

Sanyo Video Components 

1201 Sanyo Avenue 

San Diego, CA 92073 

619-661-6322 

OS-CON Series 

Nichicon America Corporation 

927 East State Parkway 

Schaumberg, IL 60173 

708-843-7500 

PL Series 

Sprague Electric Company 

Lower Main Street 

Sanford, ME 04073 

207-324-4140 

150D Solid Tantalums 
550D Tantalex 

Matsuo 

714-969-2491 

267 Series 

Surface Mount 
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3V to -22V LCD Bias Generator 



9V to 5V Step-Down Converter 


20V to 5V Step-Down Converter 
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Voltage Controlled Positive-to-Negative Converter 



* LI = COILTRONICS CTX20-4 

* ZETEX INC. 516-543-7100 


High Power, Low Quiescent Current Step-Down Converter 
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■ Dual Outputs: 3.3V and 5V or User Programmable 

■ Ultra-High Efficiency: Over 95% Possible 

■ Current Mode Operation for Excellent Line and Load 
Transient Response 

■ High Efficiency Maintained Over 3 Decades of 
Output Current 

■ Low Standby Current at Light Loads: 160gA/Output 

■ Independent Micropower Shutdown: Iq < 40|oA 

■ Wide V||\| Range: 4 V to 20V 

■ Very Low Dropout Operation: 1 00% Duty Cycle 

■ Synchronous FET Switching for High Efficiency 

■ Available in Standard 28-Pin SSOP 

rppucrtiors 

■ Notebook and Palmtop Computers 

■ Battery-Operated Digital Devices 

■ Portable Instruments 

■ DC Power Distribution Systems 


Dual High Efficiency 
Synchronous Step-Down 
Switching Regulators 

DCSCRIPTIOn 

The LTC1 1 42/LTC1 1 42-ADJ are dual synchronous step- 
down switching regulator controllers featuring automatic 
Burst Mode™ operation to maintain high efficiencies at low 
output currents. The devices are composed of two sepa- 
rate regulator blocks, each driving a pair of external comple- 
mentary power MOSFETs at switching frequencies up to 
250kHz using a constant off-time current mode architec- 
ture providing constant ripple current in the inductor. 

The operating current level for both regulators is user 
programmable via an external current sense resistor. 
Wide input supply range allows operation from 4V to 1 8 V 
(20V maximum). Constant off-time architecture provides 
low dropout regulation limited only by the Rpspi) of the 
external MOSFET and resistance of the inductor and 
current sense resistor. 

The LTC1 1 42 series is ideal for applications requiring dual 
output voltages with high conversion efficiencies over a 
wide load current range in a small amount of board space. 

Burst Mode is a trademark of Linear Technology Corporation. 


TVPICRL RPPUCRTIOR 


5.2V TO 18V 
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LTC1142/LTC1142-ADJ 


absolute mnximum ratirgs 

Input Supply Voltage (Pins 10, 24) 

LTC1142 16V to -0.3V 

LTC1142HV, LTC1 1 42HV-ADJ 20V to -0.3V 

Continuous Output Current (Pins 6, 9, 20, 23) .... 50mA 

Sense Voltages (Pins 1 , 1 4, 1 5, 28) 13V to -0.3V 

Operating Ambient Temperature Range 0°C to 70°C 


Extended Commercial 

Temperature Range -40°C to 85°C 

Junction Temperature (Note 1) 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKRGE/ORDER inFORRiRTion 



TOP VIEW 


ORDER PART 


TOP VIEW 


ORDER PART 

SENSE + 3 (T 
SHUTDOWN 3 [T 


28] SENSED 

27] ITH3 

NUMBER 

SENSE+1 [T 
V FB1 [X 


28] SENSE-1 
27]lTH1 

NUMBER 





S-GND3 [T 


26] INTVcc3 


SHUTDOWN 1 [T 


26] INTVcci 


P-GND3 \T 


Ml C T3 

LTC1142CG 

S-GND1 [T 


25]Cti 

LTC1 1 42HVCG-ADJ 

NC|T 


24] V, N3 

LTC1 142HVCG 

P-GND1 pT 


DVihi 


N-DRIVE 3 \T 


23] P-DRIVE 3 


N-DRIVE 1 [T 


23] P-DRIVE 1 


NG(T 

LT1142 

22] NC 


nc(T 

LT1142HV-ADJ 

22] NC 


NC|J 


JT] NC 


nc|T 


H] NC 


P-DRIVE 5 \T 


20] N-DRIVE 5 


P-DRIVE 2 |T 


20] N-DRIVE 2 


VinsU 


HI NC 


V 1 N 2 BI 


T9] P-GND2 


CtsQI 


HI P-GND5 


Ct2 E 


li] S-GND2 


IWTV C c 5 ll2 


If] S-GND5 


int v CC2 QX 


]7] SHUTDOWN 2 


*TH5 m 


IF) SHUTDOWN 5 


>TH2 Qi 


31] VfB2 


SENSE~5 QJ 


15] SENSE + 5 
— 1 


SENSE"2 Q? 


~15~] SENSE + 2 


G PACKAGE, 28-LEAD SSOP 


G PACKAGE, 28-LEAD SSOP 


TjMAX = 125°C, 0ja = 95°C/W 


t JMAX = 125°C, 0j A = 95°C/W 



Consult factory for Industrial and Military grade parts. 


€l€CTRICAl CHARACTERISTICS Ta = 25°C, V-jo = V 2 4 = 10 V, Vshutdown = 0 V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

v 2 , v 16 

Feedback Voltage 

LTC1142HV-ADJ Only: V 10 , V 24 = 9 V 


1.21 

1.25 

1.29 

V 

< 2. 116 

Feedback Current 

LTC1142HV-ADJ Only 

• 

0.2 1 

pA 

VoUT 

Regulated Output Voltage 

LTC1142, LTC1142HV 







3.3V Output 

Iload = 700mA, V 24 = 9 V 

• 

3.23 

3.33 

3.43 

V 


5V Output 

Iload = 700mA, Vio = 9V 

• 

4.90 

5.05 

5.20 

V 

AVout 

Output Voltage Line Regulation 

Vio, V 24 = 7V to 12V, Iload = 50mA 


-40 

0 

40 

mV 


Output Voltage Load Regulation 

Figure 1 Circuit 







3.3V Output 

5mA < Iload < 2A 

• 


40 

65 

mV 


5V Output 

5mA < Iload < 2A 

• 


60 

100 

mV 


Output Ripple (Burst Mode) 

•load = 0A 


50 

mVp.p 

ho. '24 

Input DC Supply Current (Note 2) 

LTC1142 







Normal Mode 

4V < V 10 , V 24 < 12V 

j 


1.6 

2.1 

mA 


Sleep Mode 

4V < V 24 < 12V, 6V< V 10 < 12V 

t 


160 

230 

pA 


Shutdown 

Vsdi =V S D2 = 2.1V, 4V<V 10 ,V 24 < 12V 



10 

20 

pA 


Input DC Supply Current (Note 2) 

LTC1142HV, LTC1 1 42HV-ADJ 







Normal Mode 

4V< V 10 , V 24 < 18V 



1.6 

2.3 

mA 


Sleep Mode 

4V < V 24 < 1 8V, 6V < V-jo < 18V 



160 

250 

mA 


Shutdown 

V S D1 = V SD2 = 2,1V, 4V < Vio, V 24 < 1 8V 



10 

22 

mA 
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ELECTRICAL CHARACTERISTICS Ta = 25°C, Vio = V 24 = 10V, V$hutdown = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vi-V 28 

Current Sense Threshold Voltage 

LTC1142HV-ADJ 






V 15 -V 14 


V 14 = V 28 = 5V, V 2 = Vi 6 = Vout/ 4 + 25 mV (Forced) 



25 


mV 



V 14 = V 28 = 5V, V 2 = V 16 = Vqut/ 4 - 25mV (Forced) 

• 

130 

150 

170 

mV 



LTC1142, LTC1142HV 








V 28 = v out + 1 OOmV (Forced) 



25 


mV 



V 28 = V 0U T - 1 OOmV (Forced) 

• 

130 

150 

170 

mV 



LTC1142, LTC1142HV 








Vi4 = Vout + 100mV (Forced) 



25 


mV 



V 14 = Vout ~ 1 0 OmV (Forced) 

• 

130 

150 

170 

mV 

^SHUTDOWN 

Shutdown Pin Threshold 



0.6 

0.8 

2 

V 

'shutdown 

Shutdown Pin Input Current 

OV < VshuTDOWN < 8V, Vio, V 2 4 = 1 6 V 



1.2 

5 

pA 

111. >24 

Cj Pin Discharge Current 

Vqut i n Regulation, Vsense - = Vout 


50 

70 

110 

mA 



£ 

11 

£ 



2 

10 

pA 

tOFF 

Off-Time (Note 3) 

Cj = 390pF, Iload = 700mA 

• 

4 

5 

6 

ps 

tr> tf 

Driver Output Transition Times 

C L = 3000pF (Pins 6, 9, 20, 23), V 10 , V 24 = 6V 



100 

200 

ns 


ELECTRICAL CHARACTERISTICS -40°C < T A < 85°C (Note 4), V 10 = V 24 = 10V, unless otherwise noted. 


V 2 , Vi6 

Feedback Voltage 

LTC1142HV-ADJ Only: V 10 , V 24 = 9V 


1.21 

1.25 

1.29 

V 

• 2 . he 

Feedback Current 

LTC1 1 42HV-AD J Only 



0.2 

1 

pA 

Vout 

Regulated Output Voltage 

LTC1142, LTC1142HV 







3.3V Output 

Iload = 700 mA, V 24 = 9V 


3.17 

3.33 

3.40 

V 


5 V Output 

'load = 700mA, Vio = 9V 


4.85 

5.05 

5.20 

V 

ho. I 24 

Input DC Supply Current (Note 2) 

LTC1142 







Normal Mode 

4V < Vio, V 24 < 12V 



1.6 

2.4 

mA 


Sleep Mode 

4V < V 24 < 12V, 6V < Vio < 12V 



160 

260 

mA 


Shutdown 

Vshutdown = 2.1V, 4V<Vi 0 ,V 24 <12V 



10 

22 

pA 


Input DC Supply Current (Note 2) 

LTC1 142HV-ADJ, LTC1142HV 







Normal Mode 

4V < Vio, V 24 < 1 8V 



1.6 

2.6 

mA 


Sleep Mode 

4V < V 24 < 1 8V, 6V < Vio < 18V 



160 

280 

pA 


Shutdown 

Vshutdown = 2.1V, 4V < Vio, V 24 < 12V 



10 

24 

mA 

Vi -V 28 

Current Sense Threshold Voltage 

LTC1 1 42HV-ADJ 






V 15 -V 14 


V 14 = V 28 = 5V, V 2 = Vie = Vout/ 4 + 25mV (Forced) 



25 


mV 



V 14 = V 28 = 5V, V 2 = V i6 = Vout/ 4 - 25mV (Forced) 


130 

150 

170 

mV 



LTC1142, LTC1142HV 








V 2 8 = Vout + 100 mV (Forced) 



25 


mV 



V 28 = Vout - 1 0OmV (Forced) 


125 

150 

175 

mV 



LTC1142, LTC1142HV 








V 14 = Vqut + 1 0 OmV (Forced) 



25 


mV 



Vi 4 = VouT~100mV (Forced) 


125 

150 

175 

mV 

Vshutdown 

Shutdown Pin Threshold 



0.55 

0.8 

2 

V 

tOFF 

Off-Time (Note 3) 

Cj = 390pF, Iload = 700mA 


3.8 

5 

6 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation P D according to the following formula: 

LTC1142CG: Tj = T a + (P D x 95°C/W) 

Note 2: This current is for one regulator block. Total supply current is the 
sum of pins 10 and 24 currents. Dynamic supply current is higher due to 


the gate charge being delivered at the switching frequency. See the 
Applications Information section. 

Note 3: In applications where Rsense is placed at ground potential, the off- 
time increases approximately 40%. 

Note 4: The LTC1 1 42/LTC1 1 42JV-ADJ/LTC1 1 42HV are not tested and 
quality-assurance sampled at -40°C to 85°C. These specifications are 
guaranteed by design and/or correlation. 
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TYPICAL PCAFOnmAnce CHAAACTCRISTICS 


Gate Charge Supply Current 



20 80 140 200 260 

OPERATING FREQUENCY (kHz) 

1142G10 



OUTPUT VOLTAGE (V) 

1142 G11 


Current Sense Threshold Voltage 



0 20 40 60 80 100 

TEMPERATURE (°C) 


pm Funcuons 

LT1142/LTC1142HV 

SENSE+3 (Pin 1): The (+) Input to the 3.3V Section 
Current Comparator. A built-in offset between pins 1 and 
28 in conjunction with Rsense3 sets the current trip 
threshold for the 3.3V section. 

SHUTDOWN 3 (Pin 2): When grounded, the 3.3V section 
operates normally. Pulling pin 2 high holds both MOSFETs 
off and puts the 3.3V section in micropower shutdown 
mode. Requires CMOS logic-level signal with t r , tf < Ips. 
Do not “float” pin 2. 

S-GND3 (Pin 3): The 3.3V section small-signal ground 
must be routed separately from other grounds to the (-) 
terminal of the 3.3V section output capacitor. 

P-GND3 (Pin 4): The 3.3V section driver power ground 
connects to source of N-channel MOSFET and the (-) 
terminal of the 3.3V section input capacitor. 

NC (Pin 5): No Connection. 

N-DRIVE 3 (Pin 6): High Current Drive for Bottom 
N-Channel MOSFET, 3.3V Section. Voltage swing at pin 6 
is from ground to V|N 3 . 

NC (Pins 7, 8): No Connection. 

P-DRIVE 5 (Pin 9): High Current Drive for Top P-Channel 
MOSFET, 5 V Section. Voltage swing atthis pin is from Vins 
to ground. 


Vins (Pin 10): Supply pin, 5V section, must be closely 
decoupled to 5 V power ground pin 18. 

Cj 5 (Pin 11): External capacitor Cjs from pin 1 1 to ground 
sets the operating frequency for the 5V section. (The actual 
frequency is also dependent upon the input voltage.) 

INT Vqc 5 (Pin 12) : Internal supply voltage for the 5V 
section, nominally 3.3V, can be decoupled to signal ground 
pin 1 7. Do not externally load this pin. 

Ith 5 (Pin 13): Gain Amplifier Decoupling Point, 5 V Sec- 
tion. The 5 V section current comparator threshold in- 
creases with the pin 13 voltage. 

SENSE - 5 (Pin 14): Connects to internal resistive divider 
which sets the output voltage for the 5V section. Pin 1 4 is 
also the (-) input for the current comparator on the 
5V section. 

SENSE + 5 (Pin15): The (+) Input to the 5V Section Current 
Comparator. A built-in offset between pins 15 and 14 in 
conjunction with Rsenses sets the current trip threshold 
for the 5 V section. 

SHUTDOWN 5 (Pin 16): When grounded, the 5V section 
operates normally. Pulling pin 1 6 high holds both MOSFETs 
off and puts the 5 V section in micropower shutdown 
mode. Requires CMOS logic signal with t r , tf < 1 ps. Do not 
“float” pin 16. 
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S-GNDS (Pin 17): The 5 V section small-signal ground 
must be routed separately from other grounds to the (-) 
terminal of the 5V section output capacitor. 

P-GND5 (Pin 18): The 5 V section driver power ground 
connects to source of N-channel MOSFET and the (-) 
terminal of the 5 V section input capacitor. 

NC (Pin 19): No Connection. 

N-DRIVE 5 (Pin 20): High Current Drive for Bottom 
N-Channel MOSFET, 5 V Section. Voltage swing at pin 20 
is from ground to Vims- 

NC (Pins 21, 22): No Connection. 

P-DRIVE 3 (Pin 23): High Current Drive for Top P-Channel 
MOSFET, 3.3V Section. Voltage swing at this pin is from 
V|N 3 to ground. 

V|N 3 (Pin 24): Supply pin, 3.3V section, must be closely 
decoupled to 3.3V power ground pin 4. 

Cj 3 (Pin 25): External capacitor Cj 3 from pin 25 to ground 
sets the operating frequency for the 3.3V section. (The 
actual frequency is also dependent upon the input voltage.) 

INT Vcc 3 (Pin 26): Internal supply voltage for the 3.3V 
section, nominally 3.3V, can be decoupled to signal ground 
pin 3. Do not externally load this pin. 

>TH3 (Pin 27): Gain Amplifier Decoupling Point, 3.3V 
Section. The 3.3V section current comparator threshold 
increases with the pin 27 voltage. 

SENSE - 3 (Pin 28): Connects to internal resistive divider 
which sets the output voltage for the 3.3V section. Pin 28 
is also the (-) input for the current comparator on the 
3.3V section. 

LT1142HV-ADJ 

SENSE+1 (Pin 1): The (+) Input to the Section 1 Current 
Comparator. A built-in offset between pins 1 and 28 in 
conjunction with Rsensei sets the current trip threshold 
for this section. 

Vfbi (Pin 2): This pin serves as the feedback pin from an 
external resistive divider used to set the output voltage for 
section 1 . 


SHUTDOWN 1 (Pin 3): When grounded, the section 1 
regulator operates normally. Pulling pin 3 high holds both 
MOSFETs off and puts this section in micropower shut- 
down mode. Requires CMOS logic signal with t r , tf < Ijns. 
Do not “float” pin 3. 

S-GND1 (Pin 4): The section 1 small-signal ground must 
be routed separately from other grounds to the (-) termi- 
nal of the section 1 output capacitor. 

P-GND1 (Pin 5): The section 1 driver power ground 
connects to source of N-channel MOSFET and the (-) 
terminal of the section 1 input capacitor. 

N-DRIVE 1 (Pin 6): High Current Drive for Bottom 
N-Channel MOSFET, Section 1. Voltage swing at pin 6 is 
from ground to Vjm. 

NC (Pins 7, 8): No Connection. 

P-DRIVE 2 (Pin 9): High Current Drive for Top P-Channel 
MOSFET, Section 2. Voltage swing at this pin is from V|N 2 
to ground. 

V|N 2 (Pin 10): Supply pin, section 2, must be closely 
decoupled to section 2 power ground pin 19. 

Cj 2 (Pin 11 ): External capacitor Cj 2 from pin 1 1 to ground 
sets the operating frequency for the section 2. (The actual 
frequency is also dependent upon the input voltage.) 

INT Vcc 2 (Pin 12) : Internal supply voltage for section 2, 
nominally 3.3V, can be decoupled to signal ground pin 1 8. 
Do not externally load this pin. 

ljH 2 (Pin 13): Gain Amplifier Decoupling Point, Section 2. 
The section 2 current comparator threshold increases 
with the pin 13 voltage. 

SENSE" 2 (Pin 14): Connects (-) input for the current 
comparator on section 2. 

SENSE+2 (Pin 15): The (+) Input to the Section 2 Current 
Comparator. A built-in offset between pins 15 and 14 in 
conjunction with Rsense 2 sets the current trip threshold 
for this section. 

Vrb 2 (Pin 16): This pin serves as the feedback pin from an 
external resistive divider used to set the output voltage for 
section 2. 
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SHUTDOWN 2 (Pin 17): When grounded, the section 2 
regulator operates normally. Pulling pin 17 high holds 
both MOSFETs off and puts section 2 in micropower 
shutdown mode. Requires CMOS logic signal with t r , tf < 
Ips. Do not “float” pin 17. 

S-GND2 (Pin 18): The section 2 small-signal ground must 
be routed separately from other grounds to the (-) termi- 
nal of the section 2 output capacitor. 

P-GND2 (Pin 19): The section 2 driver power ground 
connects to source of the N-channel MOSFET and the (-) 
terminal of the section 2 input capacitor. 

N-DRIVE 2 (Pin 20): High Current Drive for Bottom 
N-Channel MOSFET, Section 2. Voltage swing at pin 20 is 
from ground to Vin 2 - 

NC (Pins 21, 22): No Connection. 


P-DRIVE 1 (Pin 23): High Current Drive for Top P-Channel 
MOSFET, Section 1 . Voltage swing at this pin is from Vini 
to ground. 

Vim (Pin 24): Supply Pin, Section 1. Must be closely 
decoupled to section 1 power ground pin 5. 

Cfi (Pin 25): External capacitor Cji from pin 25 to ground 
sets the operating frequency for section 1 . (The actual 
frequency is also dependent upon the input voltage.) 

INT Vcci (Pin 26): Internal supply voltage for section 1, 
nominally 3.3V, can be decoupled to signal ground pin 4. 
Do not externally load this pin. 

Ithi (Pin 27): Gain Amplifier Decoupling Point, Section 1 . 
The section 1 current comparator threshold increases 
with the pin 27 voltage. 

SENSE" 1 (Pin 28): Connects to the (-) input for the 
current comparator on section 1 . 


Funcnonni DinGRnm 

Only one regulator block shown. Pin numbers are for 3.3V (5V) sections for LTC1142, and Vquti (Vqut 2 ) for LTC1142HV-ADJ. 
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OPCIMTIOn Refer to Functional Diagram 

The LTC1142 series consists of two individual regulator 
blocks, each using current mode, constant off-time archi- 
tectures to synchronously switch an external pair of 
complementary power MOSFETs. The two regulators are 
internally set to provide output voltages of 3.3V and 5V for 
the LTC1142. The LTC1142HV-ADJ is configured to pro- 
vide two user selectable output voltages, each set by 
external resistor dividers. Operating frequency is indi- 
vidually set on each section by the external capacitors at 
Cj pins 11 and 25. 

The output voltage is sensed by an internal voltage divider 
connected to Sense - pin 28 (14) (LTC1142) or external 
divider returned to Vfb pin 2 (16) (LTC1 1 42HV-ADJ). A 
voltage comparator V and a gain block G compare the 
divided output voltage with a reference voltage of 1 .25 V. 
To optimize efficiency, the LTC1142 series automatically 
switches between two modes of operation, Burst Mode 
and continuous mode. The voltage comparator is the 
primary control element when the device is in Burst Mode 
operation, while the gain block controls the output voltage 
in continuous mode. 

During the switch “ON” cycle in continuous mode, current 
comparator C monitors the voltage between pins 1 (15) 
and 28 (14) connected across an external shunt in series 
with the inductor. When the voltage across the shunt 
reaches its threshold value, the P-drive output is switched 
to Vim, turning off the P-channel MOSFET. The timing 
capacitor connected to pin 25 (11) is now allowed to 
discharge at a rate determined by the off-time controller. 
The discharge current is made proportional to the output 
voltage [measured by pin 28 (14)] to model the inductor 
current, which decays at a rate that is also proportional to 
the output voltage. While the timing capacitor is discharg- 
ing, the N-drive output goes to Vin, turning on the 
N-channel MOSFET. 

When the voltage on the timing capacitor has discharged 
past Vjhi, comparator T trips, setting the flip-flop. This 
causes the N-drive output to go low (turning off the 
N-channel MOSFET) and the P-drive output to also go low 
(turning the P-channel MOSFET back on). The cycle then 
repeats. 


As the load current increases, the output voltage de- 
creases slightly. This causes the output of the gain stage 
[pin 27(13)] to increase the current comparator thresh- 
old, thus tracking the load current. 

The sequence of events for Burst Mode operation is very 
similar to continuous operation with the cycle interrupted 
by the voltage comparator. When the output voltage is at 
or above the desired regulated value, the P-channel 
MOSFET is held off by comparator V and the timing 
capacitor continues to discharge below Vjhi. When the 
timing capacitor discharges p ast Vj h 2 , voltage compara- 
tor S trips, causing the internal sleep line to go low and the 
N-channel MOSFET to turn off. 

The circuit now enters sleep mode with both power 
MOSFETs turned off. In sleep mode a majority of the 
circuitry is turned off, dropping the quiescent current 
from 1 ,6mA to 1 60pA (for one regulator block). The load 
current is now being supplied from the output capacitor. 
When the output voltage has dropped by the amount of 
hysteresis in comparator V, the P-channel MOSFET is 
again turned on and this process repeats. 

To avoid the operation of the current loop interfering with 
Burst Mode operation, a built-in offset Vos is incorporated 
in the gain stage. This prevents the current comparator 
threshold from increasing until the output voltage has 
dropped below a minimum threshold. 

To prevent both the external MOSFETs from ever being 
turned on at the same time, feedback is incorporated to 
sense the state of the driver output pins. Before the 
N-drive output can go high, the P-drive output must also 
be high. Likewise, the P-drive output is prevented from 
going low while the N-drive output is high. 

Using constant off-time architecture, the operating fre- 
quency is a function of the input voltage. To minimize the 
frequency variation as dropout is approached, the off- 
time controller increases the discharge current as Vin 
drops below Vqut + 1.5V. In dropout the P-channel 
MOSFET is turned on continuously (100% duty cycle) 
providing low dropout operation with Vout ~ V|fj. 
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The basic LTC1142 application circuit is shown in Figure 
1. External component selection is driven by the load 
requirement and begins with the selection of Rsense- 
Once Rsense is known, Cj and L can be chosen. Next, the 
power MOSFETs and D1 are selected. Finally, Cin and 
Cout are selected and the loop is compensated. Since the 
3.3V and 5V sections in the LTC1142 are identical and 
similarly section 1 and section 2 in the LTC1142HV-ADJ 
are identical, the process of component selection is the 
same for both sections. The circuit shown in Figure 1 can 
be configured for operation up to an input voltage of 20V. 

Rsense Selection for Output Current 

Rsense is chosen based on the required output current. 
The LTC1 142 current comparators have a threshold range 
which extends from a minimum of 25mV/RsENSE to a 
maximum of 150itiV/Rsense- The current comparator 
threshold sets the peak of the inductor ripple current, 
yielding a maximum output current Imax equal to the peak 
value less half the peak-to-peak ripple current. For proper 
Burst Mode operation, Iripple(p-p) must be less than or 
equal to the minimum current comparator threshold. 

Since efficiency generally increases with ripple current, 
the maximum allowable ripple current is assumed, i.e., 
Iripple(p-p) = 25mV/R SEN sE (see Cj and L Selection for 
Operating Frequency section). Solving for Rsense and 
allowing a margin for variations in the LTC1142 and 
external component values yields: 

D lOOmV 

"SENSE = 

'max 

A graph for selecting Rsense versus maximum output 
current is given in Figure 2. 

The load current below which Burst Mode operation com- 
mences, Iburst. an d the peak short-circuit current Isc(pk). 
both track Imax- Once Rsense das been chosen, Iburst and 
Isc(PK) can be predicted from the following: 

. 15mV 

'BURST ® n 

k sense 
. 150mV 

'SC(PK) = p 

"SENSE 


The LTC1142 automatically extends toFF during a short 
circuit to allow sufficient time for the inductor current to 
decay between switch cycles. The resulting ripple current 
causes the average short-circuit current Isc(AVG) to be 
reduced to approximately I M ax- 



MAXIMUM OUTPUT CURRENT (A) 


Figure 2. Selecting Rsense 

L and Cj Selection for Operating Frequency 

Each regulator section of the LTC1 1 42 uses a constant off- 
time architecture with toFF determined by an external 
timing capacitor Cj. Each time the P-channel MOSFET 
switch turns on, the voltage on Cj is resetto approximately 
3.3V. During the off-time, Ct is discharged by a current 
which is proportional to Vout- The voltage on Cj is 
analogous to the current in inductor L, which likewise 
decays at a rate proportional to Vout- Thus the inductor 
value must track the timing capacitor value. 

The value of Cj is calculated from the desired continuous 
mode operating frequency: 

C 1 
T 2.6x10 4 xf 

Assumes Vin = 2Vqut. Figure 1 circuit. 

A graph for selecting Cj versus frequency including the 
effects of input voltage is given in Figure 3. 

As the operating frequency is increased the gate charge 
losses will be higher, reducing efficiency (see Efficiency 
Considerations section). The complete expression for 
operating frequency of the circuit in Figure 1 is given by: 
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( \l ^ 

-j v 0UT 

Mn , 


where: 


tgpp — 1 .3 X 1 0^ X Cj 


X 


( 


V 


w 

^OUT, 


Vreg is the desired output voltage (i.e., 5 V, 3.3V). Vour 
is the measured output voltage. Thus Vreg/Vout = 1 in 
regulation. 

Note that as V|n decreases, the frequency decreases. 
When the input-to-output voltage differential drops below 
1 .5 V for a particular section, the LTC1 1 42 reduces toFF in 
that section by increasing the discharge current in Cj. This 
prevents audible operation prior to dropout. 



FREQUENCY (kHz) 

114! FOS 


Figure 3. Timing Capacitor Value 

Once thef requency has been set by Cj, the inductor L must 
be chosen to provide no more than 25(tiV/Rsense of peak- 
to-peak inductor ripple current. This results in a minimum 
required inductor value of: 

Lmin = 5.1 x 10 5 x RsenSE x Cj x Vr E q 

As the inductor value is increased from the minimum 
value, the ESR requirements for the output capacitor are 
eased at the expense of efficiency. If too small an inductor 
is used, the inductor current will decrease past zero and 
change polarity. A consequence of this is that the LTC1 1 42 
may not enter Burst Mode operation and efficiency will be 
severely degraded at low currents. 


Inductor Core Selection 

Once the minimum value for L is known, the type of 
inductor must be selected. The highest efficiency will be 
obtained using ferrite, molypermalloy (MPP), or Kool Mp® 
cores. Lower cost powdered iron cores provide suitable 
performance, but cut efficiency by 3% to 7%. Actual core 
loss is independent of core size for a fixed inductor value, 
but it is very dependent on inductance selected. As induc- 
tance increases, core losses go down. Unfortunately, 
increased inductance requires more turns of wire and 
therefore copper losses will increase. 

Ferrite designs have very low core loss, so design goals 
can concentrate on copper loss and preventing saturation. 
Ferrite core material saturates “hard,” which means that 
inductance collapses abruptly when the peak design cur- 
rent is exceeded. This results in an abrupt increase in 
inductor ripple current and consequent output voltage 
ripple which can cause Burst Mode operation to be falsely 
triggered. Do not allow the core to saturate! 

Kool Mp (from Magnetics, Inc.) is a very good, low loss 
core material for toroids with a “soft” saturation charac- 
teristic. Molypermalloy is slightly more efficient at high 
(>200kHz) switching frequencies, but it is quite a bit more 
expensive. Toroids are very space efficient, especially 
when you can use several layers of wire. Because they 
generally lack a bobbin, mounting is more difficult. How- 
ever, new designs for surface mount are available from 
Coiltronics and Beckman Industrial Corporation which do 
not increase the height significantly. 

Power MOSFET and D1, D2 Selection 

Two external power MOSFETs must be selected for use 
with each section of the LTC1142: a P-channel MOSFET 
for the main switch, and an N-channel MOSFET for the 
synchronous switch. The main selection criteria for the 
power MOSFETs are the threshold voltage Vgs(th) and on- 
resistance Rds(on)- 

The minimum input voltage determines whether standard 
threshold or logic-level threshold MOSFETs must be 
used. For Vug > 8 V, standard threshold MOSFETs 


Kool Mp. is a registered trademark of Magnetics, Inc. 
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( V GS(TH) < 4V) may be used. If Vin is expected to drop 
below 8 V, logic-level threshold MOSFETs (Vqs(th) < 
2.5V) are strongly recommended. When logic-level 
MOSFETs are used, the LTC1 142 supply voltage must 
be less than the absolute maximum Vgs ratings for the 
MOSFETs. 

The maximum output current Imax determines the Rds(ON) 
requirement for the two MOSFETs. When the LTC1142 is 
operating in continuous mode, the simplifying assump- 
tion can be made that one of the two MOSFETs is always 
conducting the average load current. The duty cycles for 
the two MOSFETs are given by: 

P-Ch Duty Cycle = 

V IN 

N - Ch Duty Cycle = ^ IM — ^ 0UT 

V IN 


From the duty cycles the required Rds(on) for each 
MOSFET can be derived: 


P-Ch Rds(on) = 
N-Ch Rds(on) = 


v iN x Pp 

Vout x Imax x(l + S P ) 

^ih x Pn 

(V| N -V 0U t)xImax x (i+8n) 


where Pp and Pn are the allowable power dissipations and 
5p and 8 n are the temperature dependencies of Rds(om)- 
Pp and Pn will be determined by efficiency and/or thermal 
requirements (see Efficiency Considerations). (1 + 8) is 
generally given for a MOSFET in the form of a normalized 
Rds(ON) vs. temperature curve, but 8 = 0.007/°C can be 
used as an approximation for low voltage MOSFETs. 

The Schottky diodes D1 and D2 shown in Figure 1 only 
conduct during the dead-time between the conduction of 
the respective power MOSFETs. The sole purpose of D1 
and D2 is to prevent the body diode of the N-channel 
MOSFET from turning on and storing charge during the 
dead-time, which could cost as much as 1 % in efficiency 
(although there are no other harmful effects if D1 and D2 
are omitted). Therefore, D1 and D2 should be selected for 
aforward voltage of less than 0.6V when conducting I max- 


Cin and Cout Selection 

In continuous mode, the source current of the P-channel 
MOSFET is a square wave of duty cycle Vout/Vin- To 
prevent large voltage transients, a low ESR input capaci- 
tor sized for the maximum RMS current must be used. The 
maximum RMS capacitor current is given by: 


Cin Required l RM s s 


•max - 


/ yfl/2 

^out(^in — Vqut jj 


This formula has a maximum at Vin = 2Vout, where 
Irms = Iout/2. This simple worst case conditon is com- 
monly used for design because even significant deviations 
do not offer much relief. Note that capacitor manufacturer’s 
ripple current ratings are often based on only 2000 hours 
of life. This makes it advisable to further derate the 
capacitor, or to choose a capacitor rated at a higher 
temperature than required. Several capacitors may also be 
paralleled to meet size or height requirements in the 
design. Always consult the manufacturer if there is any 
question. An additional O.lpFto IpF ceramic capacitor is 
also required on each Vin line (pins 10 and 24) for high 
frequency decoupling. 

The selection of Cout is driven by the required Effective 
Series Resistance (ESR). The ESR of Cout must be less 
than twice the value of Rsense for proper operation of the 
LTC1142: 

Cout Required ESR < 2Rsense 
Optimum efficiency is obtained by making the ESR equal 
to Rsense- As the ESR is increased up to 2Rsense> the 
efficiency degrades by less than 1 %. If the ESR is greater 
than 2Rsense> the voltage ripple on the output capacitor 
will prematurely trigger Burst Mode operation, resulting in 
disruption of continuous mode and an efficiency hit which 
can be several percent. 

Manufacturers such as Nichicon and United Chemicon 
should be considered for high performance capacitors. 
The OS-CON semiconductor dielectric capacitor available 
from Sanyo has the lowest ESR/size ratio of any aluminum 
electrolytic at a somewhat higher price. Once the ESR 
requirement for Cout has been met, the RMS current 
rating generally far exceeds the Iripple(p-p) requirement. 
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In surface mount applications multiple capacitors may 
have to be parallel to meet the capacitance, ESR, or RMS 
current handling requirements of the application. Alumi- 
num electrolytic and dry tantalum capacitors are both 
available in surface mount configurations. In the case of 
tantalum, it is critical that the capacitors are surge tested 
for use in switching power supplies. An excellent choice 
is the AVX TPS series of surface mount tantalums, avail- 
able in case heights ranging from 2mm to 4mm. For 
example, if 200pF/10V is called for in an application 
requiring 3mm height, two AVX lOOgF/IOV (P/N TPSD 
107K010) could be used. Consult the manufacturer for 
other specific recommendations. 

At low supply voltages, a minimum capacitance at Cout is 
needed to prevent an abnormal low frequency operating 
mode (see Figure 4). When Cout is made too small, the 
output ripple at low frequencies will be large enough to trip 
the voltage comparator. This causes Burst Mode opera- 
tion to be activated when the LTC1 1 42 would normally be 
in continuous operation. The output remains in regulation 
at all times. 



0 1 2 3 4 5 

Vin-Vout VOLTAGE (V) 

1142 F04 

Figure 4. Minimum Value of Cout 

Checking Transient Response 

The regulator loop response can be checked by looking 
at the load transient response. Switching regulators take 
several cycles to respond to a step in DC (resistive) load 
current. When a load step occurs, Vout shifts by an 
amount equal to aIload x ESR, where ESR is the 
effective series resistance of Cout- aIload also begins to 


charge or discharge Cout until the regulator loop adapts 
to the current change and returns Vout to its steady- 
state value. During this recovery time Vout can be 
monitored for overshoot or ringing which would indicate 
a stability problem. The pin 27 (13) external components 
shown in the Figure 1 circuit will prove adequate com- 
pensation for most applications. 

A second, more severe transient is caused by switching in 
loads with large (>1pF) supply bypass capacitors. The 
discharged bypass capacitors are effectively put in parallel 
with Cout. causing a rapid drop in Vout- No regulator can 
deliver enough current to prevent this problem if the load 
switch resistance is low and it is driven quickly. The only 
solution is to limit the rise time of the switch drive so that 
the load rise time is limited to approximately 25 x Cload- 
Thus a lOpF capacitor would require a 250ps rise time, 
limiting the charging current to about 200mA. 

Efficiency Considerations 

The percent efficiency of a switching regulator is equal to 
the output power divided by the input powertimes 100%. 
It is often useful to analyze individual losses to determine 
what is limiting the efficiency and which change would 
produce the most improvement. Percent efficiency can be 
expressed as: 

%Efficiency = 100% - (LI + L2 + L3 + ...) 

where LI , L2, etc., are the individual losses as a percent- 
age of input power. (For high efficiency circuits only small 
errors are incurred by expressing losses as a percentage 
of output power.) 

Although all dissipative elements in the circuit produce 
losses, three main sources usually accountfor most of the 
losses in LTC1142 circuits: 

1. LTC1 142 DC bias current 

2. MOSFET gate charge current 

3. I 2 R losses 

1 . The DC supply current is the current which flows into 
V|n (pin 24 for the 3.3V section, pin 10 for the 5 V 
section) less the gate charge current. For Vin = 1 0V the 
LTC1142 DC supply current for each section is 160pA 
with no load, and increases proportionally with load up 
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to a constant 1.6mA after the LTC1142 has entered 
continuous mode. Because the DC bias current is drawn 
from Vin, the resulting loss increases with input volt- 
age. For V|fj = 1 0V the DC bias losses are generally less 
than 1 % for load currents over 30mA. However, at very 
low load currents the DC bias current accounts for 
nearly all of the loss. 

2. MOSFET gate charge current results from switching 
the gate capacitance of the power MOSFETs. Each time 
a MOSFET gate is switched from low to high to low 
again, a packet of charge dQ moves from Vin to ground. 
The resulting dQ/dt is a current out of % which is 
typically much larger than the DC supply current. In 
continuous mode, Igate(Chg) = f (Qn + Qp). The typical 
gate charge for a 0.1 O N-channel power MOSFET is 
25nC, and for a P-channel about twice that value. This 
results in Igate(CHG) = 7.5mA in 100kHz continuous 
operation, for a 2% to 3% typical mid-current loss with 
Vim = 10V. 

Note that the gate charge loss increases directly with 
both input voltage and operating frequency. This is the 
principal reason why the highest efficiency circuits 
operate at moderate frequencies. Furthermore, it ar- 
gues against using larger MOSFETs than necessary to 
control l 2 R losses, since overkill can cost efficiency as 
well as money! 

3. 1 2 R losses are easily predicted from the DC resistances 
of the MOSFET, inductor, and current shunt. In continu- 
ous mode the average output current flows through L 
and Rsense. but is “chopped” between the P-channel 
and N-channel MOSFETs. If the two MOSFETs have 
approximately the same Rds(ON). then the resistance of 
one MOSFET can simply be summed with the resis- 
tances of L and Rsense to obtain l 2 R losses. For ex- 
ample, if each Rds(on) = 0.1 0 , R l = 0.150, and Rsense 
= 0.05a, then the total resistance is 0.30. This results 
in losses ranging from 3% to 1 2% as the output current 
increases from 0.5A to 2A. I 2 R losses cause the effi- 
ciency to roll off at high output currents. 

Figure 5 shows how the efficiency losses in one section of 
atypical LTC1 1 42 regulatorend up being apportioned. The 
gate charge loss is responsible for the majority of the 
efficiency lost in the mid-current region. If Burst Mode 


operation was not employed at low currents, the gate 
charge loss alone would cause efficiency to drop to unac- 
ceptable levels. With Burst Mode operation, the DC supply 
current represents the lone (and unavoidable) loss compo- 
nent which continues to become a higher percentage as 
output current is reduced. As expected, the l 2 R losses 
dominate at high load currents. 

Other losses including Cm and Cout ESR dissipative losses, 
MOSFET switching losses, Schottky conduction losses 
during dead-time, and inductor core losses, generally 
account for less than 2% total additional loss. 



OUTPUT CURRENT (A) 

1142 F05 


Figure 5. Efficiency Loss 


Design Example 

As a design example, assume Vin = 12V (nominal), 5V 
section, Imax = 2A, and f = 200kHz; Rsense. Cj and L can 
immediately be calculated: 

Rsense = 100mV/2 = 0.050 

t 0FF = (1/200kHz) X [1 - (5/12)] = 2.92ps 

C T 5 = 2.92ps/(1 .3 x 10 4 ) = 220pF 

L2 M | N = 5.1 x 10 5 x 0.050 x 220pF x 5 V = 28pH 

Assume that the MOSFET dissipations are to be limited to 
P N = P p = 250mW. 

If Ta = 50°C and the thermal resistance of each MOSFET is 
50°C/W, then the junction temperatures will be 63°C and 
8p = 6m = 0.007(63 - 25) = 0.27. The required Rds(ON) for 
each MOSFET can now be calculated: 
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P-Ch R DS (on) = T =0.12Q 
5(2) 2 (1 .27) 

N-Ch R DS( ow) = 12 f 25) =0-0850 
5(2) 2 (1 .27) 

The P-channel requirement can be met by a Si9430DY, 
while the N-channel requirement is exceeded by a 
Si9410DY. Note that the most stringent requirement for 
the N-channel MOSFET is with Vqut = 0 (i.e., short circuit). 
During a continuous short circuit, the worst case 
N-channel dissipation rises to: 

Pn = IsC(AVG) 2 X RdS(ON) X (1 + 5m) 

With the 0.05Q sense resistor, Isc(AVG) = 2A will result, 
increasing the 0.0850 N-channel dissipation to 450mW at 
a die temperature of 73°C. 

Cim will require an RMS current rating of at least 1A at 
temperature, and Cout will require an ESR of 0.05ft for 
optimum efficiency. 


Figure 6. The external divider network must be placed 
across Cout with the negative plate of Cout returned to 
signal ground. Refer to the Board Layout Checklist. 


VFB 

[PIN 2(16)] 


S-GND 
[PIN 4(18)] 
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Figure 6. LTC1142HV-ADJ External Feedback Network 


Board Layout Checklist 

When laying out the printed circuit board, the following 
checklist should be used to ensure proper operation of the 
LTC1142. These items are also illustrated graphically in 
the layout diagram of Figure 7. In general each block 
should be self-contained with little cross coupling for best 
performance. Check the following in your layout: 


Now allow Vim to drop to its minimum value. At lower input 
voltages the operating frequency will decrease and the 
P-channel will be conducting most of the time, causing its 
power dissipation to increase. At Vim(min) = 7V: 

f M iN = (1/2.92ps)[1 - (5V/7V)] = 98kHz 

5V(_ 0.12Q)(2 Af(1.27) =4 3 5mV 
P 7V 

A similar calculation for the 3.3V section results in the 
component values shown in Figure 16. 

LTC1142HV-ADJ Adjustable Applications 

When an output voltage other than 3.3V or 5V is required, 
the LTC1142A adjustable version is used with an external 
resistive dividerfrom Vout to Vfb pin 2(16). The regulated 
output voltage is determined by: 


1. Are the signal and power grounds segregated? The 
LTC1 1 42 signal ground [pin 3 (1 7) forthe LTC1 1 42, pin 
4 (18) for LTC1 1 42HV-ADJ] must return tothe(-) plate 
of Cout- The power ground returns to the source of 
the N-channel MOSFET, anode of the Schottky diode, 
and (-) plate of C^, which should have as short lead 
lengths as possible. 

2. Does the LTC1142 Sense - pin 28 (14) connect to a 
point close to Rsense and the (+) plate of Cout? 

3. Are the Sense - and Sense + leads routed together with 
minimum PC trace spacing? The lOOOpF capacitor 
between pins 1 (15) and 28 (14) should be as close as 
possible to the LTC1142. 

4. Does the (+) plate of Cim connect to the source of the 
P-channel MOSFET as closely as possible? This capaci- 
tor provides the AC current to the P-channel MOSFET. 


Vqut 


= 1.25 


( 


v 



\ 


/ 


To prevent stray pickup a lOOpF capacitor is suggested 
across R1 located close to the LTC1 1 42HV-ADJ as in 


5. Is the input decoupling capacitor (1pF/0.22pF) con- 
nected closely between pin 24 (10) and power ground 
[pin 4 (18) for the LTC1142, pin 5 (19) for the 
LTC1 1 42HV-ADJ]? This capacitor carries the MOSFET 
driver peak currents. 
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Figure 7. LTC1142 Layout Diagram (see Board Layout Checklist) 


6. Are the shutdown pins 2 and 1 6 for the LTC1 1 42 (pins 
3 and 17 for the LTC1142HV-ADJ) actively pulled to 
ground during normal operation? Both shutdown pins are 
high impedance and must not be allowed to float. Both 
pins can be driven by the same external signal if needed. 

7. For the LTC1142HV-ADJ adjustable applications, the 
resistive divider R1 , R2 must be connected between the 
(+) plate of Cout and signal ground. 

Output Crowbar 

An added feature to using an N-channel MOSFET as the 
synchronous switch is the ability to crowbar the output 
with the same MOSFET. Pulling the Cj pin 25 (1 1 ) above 
1 .5 V when the output voltage is greater than the desired 
regulated value will turn “on” the N-channel MOSFET for 


that regulator section. 

A fault condition which causes the output voltage to go 
above a maximum allowable value can be detected by 
external circuitry. Turning on the N-channel MOSFET 
when this fault is detected will cause large currents to flow 
and blow the system fuse. 

The N-channel MOSFET needs to be sized so it will safely 
handle this overcurrent condition. The typical delay from 
pulling the Cj pin high and the N-drive pin 6 (20) going 
high is 250ns. Note: Under shutdown conditions, the 
N-channel is held OFF and pulling the Cj pin high will not 
cause the N-channel MOSFET to crowbar the output. 

A simple N-channel FET can be used as an interface 
between the overvoltage detect circuitry and the LTC1 142 
as shown in Figure 8. 


4-360 


jrnsm 

TECHNOLOGY 




LTC1142/LTC1 142-ADJ 


nppucnnons inFORmrmon 


FROM CROWBAR 
DETECT CIRCUIT 
(ACTIVE WHEN V GA TE = V| N 
OFF WHEN Vqate = GND) 


j 


H5 


PIN 26(12) 

INTVcc 


n VN2222LL 

LTC1142 

| PIN 25(11) 

c T 



1142 F08 


primary winding in order to extract power from auxiliary 
windings. With synchronous switching, auxiliary outputs 
may be loaded without regard to the primary output load, 
providing that the loop remains in continuous mode 
operation. 


Figure 8. Output Crowbar Interface 
Troubleshooting Hints 

Since efficiency is critical to LTC1142 applications, it is 
very important to verify that the circuit is functioning 
correctly in both continuous and Burst Mode operation. 
The waveform to monitor is the voltage on the Cj pins 25 
and 11. 

In continuous mode (Iload > Iburst) the voltage on the Cj 
pin should be a sawtooth with a 0.9Vp.p swing. This 
voltage should never dip below 2 V as shown in Figure 9a. 

When load currents are low (Iload < Iburst) Burst Mode 
operation occurs. The voltage on the Cj pin now falls to 
ground for periods of time as shown in Figure 9b. 

Inductor current should also be monitored. Look to verify 
that the peak-to-peak ripple current in continuous mode 
operation is approximately the same as in Burst Mode 
operation. 

If pin 25 or pin 11 is observed falling to ground at high 
output currents, it indicates poor decoupling or improper 
grounding. Refer to the Board Layout Checklist. 


rN"\r\r^TN^\r\r\r^ 


Burst Mode operation can be suppressed at low output 
currents with a simple external network which cancels the 
25mV minimum current comparator threshold. This tech- 
nique is also useful for eliminating audible noise from 
certain types of inductors in high current (Iqlit > 5A) 
applications when they are lightly loaded. 

An external offset is put in series with the Sense - pin to 
subtract from the built-in 25mV offset. An example of this 
technique is shown in Figure 1 0. Two 1 00£2 resistors are 
inserted in series with the sense leads from the sense 
resistor. 


SENSE + 
[PIN 1(15)] 


SENSE " 
[PIN 28(14)] 
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Figure 10. Suppression of Burst Mode Operation 

With the addition of R3 a current is generated through R1 
causing an offset of: 

^OFFSET = Vqut x f nT7T>ol 


(a) CONTINUOUS MODE OPERATION 


p\T\T\r\- 


(b) Burst Mode OPERATION 

Figure 9. Cj Waveforms 


-3.3 V 


0V 

1142 F09 


Auxiliary Windings— Suppressing Burst Mode 
Operation 

The LTC1142 synchronous switch removes the normal 
limitation that power must be drawn from the inductor 


If Vqffset > 25mV, the built-in offset will be cancelled and 
Burst Mode operation is prevented from occurring. Since 
Voffset is constant, the maximum load current is also 
decreased by the same offset. Thus, to get back to the 
same Imax. the value of the sense resistor must be lower: 

D 75mV 

h sense = 

'max 

To prevent noise spikes from erroneously tripping the 
current comparator, a 1 0OOpF capacitor is needed across 
pins 1 (15) and 28 (14). 
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V|N 

5.2V TO 18V 



RensEI ReNSE2 : KRL SL-1/2-R050J 
LI: COILTRONICS CTX25-4 
L2: COILTRONICS CTX33-5 


Figure 11 . LTC1142HV-ADJ Dual Regulator with 3.6V/2A and 5V/2A Outputs 



Figure 12. LTC1142HV-ADJ High Efticiency Regulator with 3.3V/2A and 2.5V/1.5A Outputs 
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V|N 

5.2V TO 8V 



Figure 13. LTC1142 High Efficiency Regulator with 3.3V/3A and 5V/2A Outputs 


V|N 

8VT018V 0V = CHARGE ON 0V = OUTPUT ON 

FROM WALL ADAPTER >1.5V = CHARGE OFF >1 ,5V = 3.3V OUTPUT OFF 



Figure 14. LTC1142HV-ADJ High Efficiency Power Supply Providing 3.3V/2A with Built-In Battery Charger 










LTC1142/LTC1142-ADJ 


TYPICAL APPUCATIOnS 



0 12 3 4 

SET RESISTANCE (kQ) 

1142 FIS 

Figure 15. LTC1142-ADJ Output Current vs Trickle Charge Set Resistance 
(Rx) for the Circuit in Figure 14 Using a 0.1Q Current Sense Resistor 
Rsensei 


V|N 

6.5V TO 14V 


1=1 6.5V TO 2 ?5w ■ 

X 14V xzOT 




R SENSE3 
v OUT3 0-05Q 
3.3V/2A - 


LI 

33|xH 


1HF 


P-CH 

SI9430DY 


-El 


D1< 

MBRS140T3 


+ 100(J.F 
^ 10V 

x 2 


0.01 |liF 


IT 

X- 


N-CH 

Si9410DY 


0V = NORMAL 
>1 ,5V = SHUTDOWN 


16 


Vin3 SHUTDOWN 3 
P-DRIVE 3 


SHUTDOWN 5 


SENSED 


LTC1142 


SENSE"3 
N-DRIVE 3 
P-GND3 


C?3 


N-DRIVE 5 
l TH5 C T5 S-QND5 P-GND5 


3 

25 127 113 

11 


SRC3 S r C5 
>510Q^510Q 


j 

CT3 |CC3 l C C5 
390pF 1 3300pF 1 3300pF 

CT5 

200pF 


22jaF 

25V 


TT 

TI 


20pF 


RSENSE3: KRL SL-C1-1/2-0R050J 
RSENSE5: KRL SL-C1 -1/2-0R040J 
LI: COILTRONICS CTX33-4 
T1: DALE LPE-6562-A026 

PRIMARY: SECONDARY = 1:1.8 



VOUT 

ADJ 

SHUTDOWN 

LT1121 


V,N 


GND 




Figure 16. LTC1142 Triple Output Regulator with Switched 12V Output 

Note: For additional higher efficiency circuits, see Application Note 54. 
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/XLirm 

TECHNOLOGY q UQ | High Efficiency Step-Down 

Switching Regulator Controller 


F6RTURCS 


DCSCRIPTIOR 


■ Dual Outputs: 3.3V and 5.0V 

■ Very High Efficiency: Over 95% Possible 

■ Current Mode Operation for Excellent Line and Load 
Transient Response 

■ High Efficiency Maintained Over 3 Decades of 
Output Current 

■ Low Standby Current at Light Loads: 160p.A/Output 

■ Independent Micropower Shutdown: Iq < 40pA 

■ Wide % Range: 4V to 16V 

■ Very Low Dropout Operation: 100% Duty Cycle 

■ Available in Narrow 16-Pin SOIC Package 


RPPUCRTIOnS 

■ Notebook and Palmtop Computers 

■ Battery-Operated Digital Devices 

■ Portable Instruments 

■ DC Power Distribution Systems 


The LTC1143 is a dual step-down switching regulator 
controller featuring automatic Burst Mode™ operation to 
maintain high efficiencies at low output currents. This 
device is composed of two separate regulator blocks, 
each driving an external power MOSFET at switching 
frequencies exceeding 400kHz using a constant off-time 
current mode architecture providing constant ripple current 
in the inductor. 

The operating current level for both regulators is user- 
programmable via an external current sense resistor. 
Wide input supply range allows operation from 4V to 14V 
(1 6 V maximum). Constant off-time architecture provides 
iow dropout regulation limited only by the Rds<oi\i) of the 
external MOSFET and resistance of the inductor and 
current sense resistor. 

The LTC1143 is ideal for applications requiring dual 
output voltages with high conversion efficiencies over a 
wide load current range in a small amount of board space. 

Burst Mode is a trademark of Linear Technology Corporation. 



TVPICRL RPPUCRTIOfl 


V IN 

5.2V TO 14V 



L2: COILTRONICS CTX50-2-MP 

NOTE: COMPONENTS OPTIMIZED FOR HIGHEST EFFICIENCY, NOT MINIMUM BOARD SPACE. 


Figure 1. High Efficiency Dual 3.3V/5V 
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Input Supply Voltage (Pins 5,13) 16V to -0.3V 

Continuous Output Current (Pins 4,12) 50mA 

Sense Voltages (Pins 1, 8, 9, 16) 13V to -0.3V 

Operating Ambient Temperature Range 0°C to 70°C 

Extended Commercial 

Temperature Range... -40°C to 85°C 

Junction Temperature (Note 1) 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG6/ORDCR mFORfllRTIOn 


TOP VIEW 

SENSE + 3 
SHUTDOWN 3 
GND3 
P-DRIVE 3 
V|N5 
CT5 
<TH5 
SENSE‘5 

S PACKAGE 

16-LEAD PLASTIC SOIC 



16] SENSED 
jH ITH3 

HI Ct3 

HI V IN3 
iU P-DRIVE 5 
iT] 6ND5 
10] SHUTDOWN 5 
U SENSE+5 


ORDER PART 
NUMBER 


LTC1143CS 


Tjmax = 125°C, 0ja = 95°C/W 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vim = V|N 5 = 10V, V 2 = Viq = 0V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VOUT 

Regulated Output Voltage 

V|N3, V|N5 = 9V 







3.3 V Output 

Iload = 700mA 

• 

3.23 

3.33 

3.43 

V 


5V Output 

■load = 700mA 

• 

4.90 

5.05 

5.20 

V 

aVout 

Output Voltage Line Regulation 

Vin3, Vims = 7V to 12V, Iload 50mA 


-40 

0 

40 

mV 

AVout 

Output Voltage Load Regulation 

Figure 1 Circuit 







3.3V Output 

5mA < Iload < 2.0A 

• 


40 

65 

mV 


5V Output 

5mA < Iload < 2.0A 

• 


60 

100 

mV 

AVouT 

Output Ripple (Burst Mode) 

'load = 0A 


50 

mVp.p 

I 5 . >13 

Input DC Supply Current (Note 2) 








Normal Mode 

4V<V| N3 ,V| N5 <12V 



1.6 

2.1 

mA 


Sleep Mode 

4V < V| N3 < 12V, 6V < V| N5 < 1 2V 



160 

230 

pA 


Shutdown 

V 2 = Vi 0 = 2.1V, 4V< V, N 3.V,m5 < 12V 



10 

20 

pA 


Current-Sense Threshold Voltage 







Vi to Vie 

3.3 V Section 

v i6 = Vout + 1 OOrnV (Forced) 



25 


mV 



Vi6 = Vout ~ 1 00mV (Forced) 

• 

130 

150 

170 

mV 

Vs to Vg 

5 V Section 

V 8 = V 0UT + 100mV (Forced) 



25 


mV 



Vq = V O uT“100mV (Forced) 

• 

130 

150 

170 

mV 

V 2 , V 10 

Shutdown Pin Threshold 



0.6 

0.8 

2 

V 

> 2 . ho 

Shutdown Pin Input Current 

0V < VshuTDOWN = < 8V, V|N 3) Vims = 1 6V 



1.2 

5 

pA 

k> >14 

Cj Pin Discharge Current 

Vout in Regulation, Vsense- = Vout 


50 

70 

90 

pA 



Vout = 0V 



2 

10 

pA 

tOFF 

Off-Time (Note 3) 

Cj = 390pF, Iload = 700mA 

• 

4 

5 

6 

ps 

tr.tf 

Driver Output Transition Times 

C L = 3000pF (Pins 4, 12), V 1N = 6V 



100 

200 

ns 
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€l€CTRICRl CHRRRCTCRISTICS -40°C < Ta < 85°C (Note 4), V| N3 = V| N5 = 10V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V 0UT 

Regulated Output Voltage 

V|N3,V|N5 = 9V 







3.3V Output 

•load = 700mA 


3.17 

3.33 

3.4 

V 


5 V Output 

•load = 700mA 


4.85 

5.05 

5.2 

V 

15. <13 

Input DC Supply Current (Note 2) 








Normal Mode 

4V<V IN 3,V 1N5 <12V 



1.6 

2.4 

mA 


Sleep Mode 

4V < V,|\| 3) V,M5< 12V 



160 

260 

MA 


Shutdown 

V 2 = V 10 = 2.1V, 4V <V 1N3) V| N5 < 12V 



10 

22 

pA 


Current Sense Threshold Voltage 







Vi to Vie 

3.3V Section 

Vie = Vout + 1 00m V (Forced) 



25 


mV 



Vi6 = V O UT-100mV (Forced) 


125 

150 

175 

mV 

Vs to Vg 

5 V Section 

V 8 = V 0U t+ lOOmV (Forced) 



25 


mV 



V 8 = Vqut- lOOmV (Forced) 

i 

125 

150 

175 

mV 

V 2 , V 10 

Shutdown Pin Threshold 


1 

0.55 

0.8 

2 

V 

tOFF 

Off-Time (Note 3) 

Cj = 390pF, Iload = 700mA 


3.8 

5 

6 

ps 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation Pq according to the following formula: 

LTC1143CS: Tj = T A + (P D x 120°C/W) 

Note 2: This supply current is for one regulator block. Total supply 
current is the sum of pin 5 and pin 13 currents. Dynamic supply current 


is higher due to the gate charge being delivered at the switching 
frequency. See Applications Information. 

Note 3: In applications where Rsense is placed at ground potential, the 
off-time increases approximately 40%. 

Note 4: The LTC1143 is not tested and quality assurance sampled at 
-40°C to 85°C. These specifications are guaranteed by design and/or 
correlation. 
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5V Output Efficiency 



1 10 100 1000 
LOAD CURRENT (mA) 

LTC1143 G01 


3.3V Output Efficiency 



1 10 100 1000 
LOAD CURRENT (mA) 

LTC1143 G02 



04 8 12 16 

INPUT VOLTAGE (V) 


LTC1143 G03 
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3.3V Efficiency vs Input Voltage 


, FIGURE 1 CIRCUIT_ 

J Vqut = 3.3V 


'LOAD = 100mA' N 


Line Regulation 


[“FIGURE 1 CIRCUIT - 

30 r , LOAD = 1A 


Load Regulation 


ym umm 


FIGURE 1 CIRCUIT 


RSENSE = 0.05Q 



8 12 16 
INPUT VOLTAGE (V) 


DC Supply Current 


NOT INCLUDING PINS 5, 13 

1.8 \- GATE CHARGE CURRENT 1 


PER REGULATOR BLOCK 


INPUT VOLTAGE (V) 

Supply Current in Shutdown 

20 , 1 , y y r- 

1ft _ PER REGULATOR BLOCK 

10 PINS 5, 13 

16 -Vshutdown = 2V 


Vout = 5V 

v 0UT = 3.3V 

_J I _L I ! 

0.5 1.0 1.5 2.0 2, 

LOAD CURRENT (A) 


Operating Frequency vs V^ - Vqut 

6 [-VOUT^SV— h I " I ! ■ M H— 


0 2 4 6 8 10 12 14 16 18 

INPUT VOLTAGE (V) 


6 8 10 12 14 16 18 

INPUT VOLTAGE (V) 


2 4 6 8 10 

(Vin- Vqut) VOLTAGE (V) 


Gate Charge Supply Current 



OPERATING FREQUENCY (kHz) 


Off-Time vs Vout 
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SENSE+3 (Pin 1 ): The (+) Input to the 3.3V Section Current 
Comparator. A built in offset between pins 1 and 16 in 
conjunction with Rsense 3 sets the current trip threshold 
for the 3.3V section. 

SHUTDOWN 3 (Pin 2): When grounded, the 3.3V section 
operates normally. Pulling pin 2 high holds the MOSFET 
off and puts the 3.3V section in micropower shutdown 
mode. Requires CMOS logic level signal with t r , tf < Ips. 
Do not “float” pin 2. 

GND3 (Pin 3): 3.3V Section Ground. Two independent 
ground lines must be routed separately from other grounds 
to: 1 ) the (-) terminal of the 3.3V section output capacitor, 
and 2) the cathode of the Schottky diode D1 and (-) 
terminal of Cin 3 (See Figures 1 and 9). 

P-DRIVE 3 (Pin 4): High Current Drive for Top P-Channel 
MOSFET, 3.3V Section. Voltage swing at this pin is from 
V ||\|3 to ground. 

V|N 5 (Pin 5): Supply Pin, 5V Section. Must be closely 
decoupled to 5 V power ground pin 1 1 . 

Cj 5 (Pin 6): External capacitor Cjs from pin 6 to ground sets 
the operating frequency for the 5 V section. (The actual 
frequency is also dependent upon the input voltage.) 

•ths ( p i n 7 ) : Ga in Amplifier Decoupling Point, 5 V Section. 
The 5 V section current comparator threshold increases 
with the pin 7 voltage. 

SENSE - 5 (Pin 8): Connects to internal resistive divider 
which sets the output voltage for the 5 V section. Pin 8 is 
also the (-) input for the current comparator on the 5 V 
section. 


SENSE + 5 (Pin 9): The (+) Input to the 5V Section Current 
Comparator. A built-in offset between pins 9 and 8 in 
conjunction with Rsense 5 sets the current trip threshold 
for the 5V section. 

SHUTDOWN 5 (Pin 10): When grounded, the 5 V section 
operates normally. Pulling pin 1 0 high holds the 5 V section 
MOSFET off and puts the 5V section in micropower shut- 
down mode. Requires CMOS logic level signal with t r , tf < 1 ps. 
Do not “float” pin 10. 

GND5 (Pin 11): 5 V Section Ground. Two independent 
ground lines must be routed separatelyfromothergrounds 
to: 1 ) the (-) terminal of the 5 V section output capacitor, 
and 2) the cathode of the Schottky diode D2 and (-) 
terminal of Cins (See Figures 1 and 9). 

P-DRIVE 5 (Pin 12): High Current Drive forTop P-Channel 
MOSFET, 5V Section. Voltage swing at this pin is from 
V|N 5 to ground. 

V|N 3 (Pin 13): Supply Pin, 3.3V Section. Must be closely 
decoupled to 3.3 V power ground pin 3. 

Cj 3 (Pin 14): External capacitor Ct 3 from pin 14 to ground 
sets the operating frequency for the 3.3V section. (The 
actual frequency is also dependent upon the input voltage.) 

ITH 3 (Pin 15): Gain Amplifier Decoupling Point, 3.3V 
Section. The 3.3 V section current comparator threshold 
increases with the pin 15 voltage. 

SENSE - 3 (Pin 16): Connects to internal resistive di- 
vider which sets the output voltage for the 3.3V section. 
Pin 1 6 is also the (-) input for the current comparator 
on the 3.3V section. 
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FuncTionni MAGfinm Only one regulator block shown. Pin numbers are for 3.3V (5V) sections. 



OPCRATIOfl Refer to Functional Diagram and Figure 1. 


The LTC1 143 consists of two individual regulator blocks 
each using current mode, constant off-time architectures 
to switch an external power MOSFET. The two regulators are 
internally set to provide output voltages of 3.3 V and 5 V. 
Operating frequency is individually set on each section by 
external capacitors at the timing capacitor pins 6 and 14. 

The output voltage is sensed by an internal voltage divider 
connected to Sense" pin 16 (8). A voltage comparator V 
and again block G compare the divided output voltage with 
a reference voltage of 1.25V. To optimize efficiency, the 
LTC1143 automatically switches between two modes of 
operation, burst and continuous. The voltage comparator 
is the primary control element when the device is in Burst 
Mode operation, while the gain block controls the output 
voltage in continuous mode. 

During the switch “ON” cycle in continuous mode, current 
comparator C monitors the voltage between pins 1 (9) and 
16 (8) connected across an external shunt in series with 
the inductor. When the voltage across the shunt reaches 
its threshold value, the P-drive output is switched to V| M , 
turning off the P-channel MOSFET. The timing capacitor 
connected to pin 14 (6) is now allowed to discharge at a 
rate determined by the off-time controller. The discharge 


current is made proportional to the output voltage [mea- 
sured by pin 1 6 (8)] to model the inductor current, which 
decays at a rate which is also proportional to the output 
voltage. 

When the voltage on the timing capacitor has discharged 
past Vthi, comparator T trips, setting the flip-flop. This 
causes the P-drive output to go low turning the P-channel 
MOSFET back on. The cycle then repeats. 

As the load current increases, the output voltage de- 
creases slightly. This causes the output of the gain stage 
[pin 1 5 (7)] to increase the current comparator threshold, 
thus tracking the load current. 

The sequence of events for Burst Mode operation is very 
similar to continuous operation with the cycle interrupted 
by the voltage comparator. When the output voltage is at 
or above the desired regulated value, the P-channel 
MOSFET is held off by comparator V and the timing 
capacitor continues to discharge below Vthi- When the 
timing capacitor discharges pastV TH 2 , voltage compara- 
tor S trips, causing the internal sleep line to go low. 

The circuit now enters sleep mode with the power MOSFET 
turned off. In sleep mode a majority of the circuitry is 
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turned off, dropping the quiescent current from 1 .6mA to 
160pA (for one regulator block). The load current is now 
being supplied from the output capacitor. When the output 
voltage has dropped by the amount of hysteresis in 
comparator V, the P-channel MOSFET is again turned on 
and the process repeats. 

To avoid the operation of the current loop interfering with 
Burst Mode operation, a built-in offset (Vos) is incorpo- 
rated in the gain stage. This prevents the current compara- 


tor threshold from increasing until the output voltage has 
dropped below a minimum threshold. 

Using constant off-time architecture the operating fre- 
quency is a function of the input voltage. To minimize the 
frequency variation as dropout is approached, the off-time 
controller increases the discharge current as Vim drops 
below Vqut + 1 .5 V. In dropout the P-channel MOSFET is 
turned on continuously (100% duty cycle), providing 
extremely low dropout operation. 
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The basic LTC1 143 application circuit is shown in Figure 1 . 
External component selection is driven by the load 
requirement and begins with the selection of Rsense- 
Once Rsense is known, Cj and L can be chosen. Next, the 
power MOSFET and D1 are selected. Finally, Cin and Cout 
are selected and the loop is compensated. Since the 3.3V 
and 5 V sections are identical, the process of component 
selection is the same for both sections. The circuit shown 
in Figure 1 can be configured for operation up to an input 
voltage of 16V. 


Rsense Selection for Output Current 

Rsense is chosen based on the required output current. 
The LTC1 143 current comparators have a threshold range 
which extends from a minimum of 25itiV/Rsense to a 
maximum of 150itiV/Rsense- The current comparator 
threshold sets the peak of the inductor ripple current, 
yielding a maximum output current Imax equal to the peak 
value less half the peak-to-peak ripple current. For proper 
Burst Mode operation, Iripple(p-p) must be less than or 
equal to the minimum current comparator threshold. 

Since efficiency generally increases with ripple current, 
the maximum allowable ripple current is assumed, i.e., 
Iripple(p-p) = 25mV/R S ENSE- (See Cj and L Selection for 
Operating Frequency). Solving for Rsense and allowing a 
margin for variations in the LTC1 1 43 and external compo- 
nent values yields: 


r sense = 


IQOmV 

'max 


A graph for selecting Rsense versus maximum output 
current is given in Figure 2. 



MAXIMUM OUTPUT CURRENT (A) 

1143 Foe 


Figure 2. Selecting Rsense 


The load current below which Burst Mode operation 
commences, Iburst. and the peak short circuit current, 
I S C(pk), both track I M ax- Once Rsense has been chosen, 
Iburst and Isc(PK) can be predicted from the following: 


'burst® 


15mV 

Rsense 


'SC(PK) = 


150mV 

Rsense 


The LTC1143 automatically extends toFF during a short 
circuit to allow sufficient time for the inductor current to 
decay between switch cycles. The resulting ripple current 
causes the average short-circuit current Isc(AVG) to be 
reduced to approximately 'max- 
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L and Ct Selection for Operating Frequency 

Each regulator section of LTC1143 uses a constant off- 
time architecture with toFF determined by an external 
timing capacitor C F . Each time the P-channel MOSFET 
switch turns on the voltage on Ct is reset to approximately 
3.3V. During the off-time, Ct is discharged by a current 
which is proportional to V 0 ut- The voltage on Ct is 
analogous to the current in inductor L, which likewise 
decays at a rate proportional to Vqut- Thus the inductor 
value must track the timing capacitor value. 

The value of Ct is calculated from the desired continuous 
mode operating frequency: 


Where: 

t OFF = 1.3x104xC T x(^m) 

Vreg is the desired output voltage (i.e., 5V, 3.3V). V 0U t 
is the measured output voltage. ThusVR F G/Voui = 1 in 
regulation. 

Note that as Vin decreases, the frequency decreases. 
When the input to output voltage differential drops below 
1 .5 V for a particular section, the LTC1 1 43 reduces to FF in 
that section by increasing the discharge current in Ct. This 
prevents audible operation prior to dropout. 


p., _ 1 ( V IN~ V OUT 

T 1.3x10 4 xf \ V|n + V d 

Where Vp is the drop across the diode. 

A graph for selecting C F versus frequency including the 
effects of input voltage is given in Figure 3. 



FREQUENCY (kHz) 

LTC1M3F03 

Figure 3. Timing Capacitor Value 

As the operating frequency is increased the gate charge 
losses will be higher, reducing efficiency (see Efficiency 
Considerations). The complete expression for operating 
frequency of the circuit in Figure 1 is given by: 




v out \ 
v in ) 


Once the frequency has been set by Ct, the inductor L must 
be chosen to provide no more than 25mV/RsENSE of peak- 
to-peak inductor ripple current. This results in a minimum 
required inductor value of: 

L M h\i = 5.1 x 10 5 x Rsense x Ct x Vreg 

As the inductor value is increased from the minimum 
value, the ESR requirements for the output capacitor are 
eased at the expense of efficiency. If too small an inductor 
is used the inductor current will become discontinuous 
before the LTC1 143 enters Burst Mode operation. A con- 
sequence of this is that the LTC1143 will delay entering 
Burst Mode operation and efficiency will be degraded at 
low currents. 

Inductor Core Selection 

Once the minimum value for L is known, the type of 
inductor must be selected. The highest efficiency will be 
obtained using Ferrite, Kool Mp®orMolypermalloy (MPP) 
cores. Lower cost powdered iron cores provide suitable 
performance, but cut efficiency by 3% to 7%. Actual core 
loss is independent of core size for a fixed inductor value, 
but it is very dependent on inductance selected. As 
inductance increases, core losses go down. Unfortunately, 
increased inductance requires more turns of wire and 
therefore copper losses will increase. 

Ferrite designs have very low core loss, so design goals 
can concentrate on copper loss and preventing saturation. 

Kool is a registered trademark of Magnetics, Inc. 
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Ferrite core material saturates “hard,” which means that 
inductance col lapses a b ru ptly when the peak design current 
is exceeded. This results in an abrupt increase in inductor 
ripple current and consequent output voltage ripple which 
can cause Burst Mode operation to be falsely triggered. Do 
not allow the core to saturate! 

Kool Mp.(from Magnetics, Inc.) is a very good, low loss core 
material for toroids with a “soft” saturation characteristic. 
Molypermalloy is slightly more efficient at high ( > 200 kHz) 
switching frequencies but quite a bit more expensive. 
Toroids are very space efficient, especially when you can 
use several layers of wire. Because they generally lack a 
bobbin, mounting is more difficult. However, new designs 
for surface mount are available from Coiltronics and 
Beckman Industrial Corporation which do not increase the 
height significantly. 

Power MOSFET Selection 

An external power MOSFET must be selected for use with 
each section of the LTC1143. The main selection criteria 
for the power MOSFETs are the threshold voltage Vqs(th) 
and on resistance Rds(on>- 

The minimum input voltage determines whether a stan- 
dard threshold or logic-level threshold MOSFET must be 
used. For V|n> 8V, standard threshold MOSFETs (Vqs(th) 
< 4V) may be used. If Vin is expected to drop below 8 V, 
logic-level threshold MOSFETs (Vgs(th) < 2.5V) are 
strongly recommended. When logic-level MOSFETs are 
used, the LTC1143 supply voltage must be less than the 
absolute maximum Vqs ratings for the MOSFET. 

The maximum output current Imax determines the Rds(ON) 
requirement for the two MOSFETs. When the LTC1 1 43 is 
operating in continuous mode, the simplifying assumption 
can be made that either the MOSFET or Schottky diode is 
always conducting the average load current. The duty 
cycles for the MOSFET and diode are given by: 

P-Ch Duty Cycle = 

"IN 

Schottky Diode Duty Cycle = — + V - 

V|N 


From the duty cycles the required Rds(on) for each MOSFET 
can be derived: 


P-Ch Rds(ON) = 


V|M x P P 

V OUT x >MAX 2 x 0 + 8 p) 


where Pp is the allowable power dissipation and 8p is the 
temperature dependencies of Rds(on)- Pp will be determined 
by efficiency and/or thermal requirements (see Efficiency 
Considerations). (1 + d) is generally given for a MOSFET in the 
form of a normalized Rds(on) vs. temperature curve, but 
S = 0.007/°C can be used as an approximation for low 
voltage MOSFETs. 


Output Diode Selection (D1, D2) 

The Schottky diodes D1 and D2 shown in Figure 1 conduct 
during the off-time. It is important to adequately specify 
the diode peak current and average power dissipation so 
as not to exceed the diode ratings. 

The most stressful condition for the output diode is under 
short circuit (Vout=0). Under this condition the diode 
must safely handle Isc(PK) at close to 100% duty cycle. 
Under normal load conditions the average current con- 
ducted by the diode is: 


'DIODE =( V| "~ V g T - VD > ('LOAD) 


Remember to keep lead lengths short and observe proper 
grounding (see Board Layout Checklist) to avoid ringing 
and increased dissipation. 

Theforward voltage drop allowable in the diode is calculated 
from the maximum short circuit current as: 


V F = 


Pp 

■SC(PK) 


where P D is the allowable power dissipation and will be 
determined by efficiency and/or thermal requirements 
(see Efficiency Considerations). 
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C|n and Cout Selection 

In continuous mode, the source current of the P-channel 
MOSFET is a square wave of duty cycle Vout/ v in- To 
prevent large voltage transients, a low ESR input capacitor 
sized for the maximum RMS current must be used. The 
maximum RMS capacitor current is given by: 

C|« Required l RMS - l M „ 

This formula has a maximum at Vin = 2Vout, where Irms 
= Iqut/2. This simple worst case condition is commonly 
used for design because even significant deviations do not 
offer much relief. Note that capacitor manufacturer’s 
ripple current ratings are often based on only 2000 hours 
of life. This makes it advisable to further derate the 
capacitor, or to choose a capacitor rated at a higher 
tern peratu re than req ui red . Several capacitors may also be 
paralleled to meet size or height requirements in the 
design. Always consult the manufacturer if there is any 
question. An additional O.lpFto IgF ceramic capacitor is 
also required on each line (pin 5, pin 13) for high 
frequency decoupling. 

The selection of Cout is driven by the required effective 
series resistance (ESR). The ESR of Cout must be less 
than twice the value of R sense f° r proper operation of the 
LTC1143: 

Cout required ESR < 2Rsense 

Optimum efficiency is obtained by making the ESR equal 
to Rsense- As the ESR is increased up to 2Rsense the 
efficiency degrades by less than 1%. If the ESR is greater 
than 2Rsense> the voltage ripple on the output capacitor 
will prematurely trigger Burst Mode operation, resulting in 
disruption of continuous mode and an efficiency hit which 
can be several percent. 

Manufacturers such as Nichicon and United Chemicon, 
should be considered for high performance capacitors. 
The OS-CON semiconductor dielectric capacitor available 


from Sanyo has the lowest ESR size/ratio of any aluminum 
electrolytic at a somewhat higher price. Once the ESR 
requirement for Cout has been metthe RMS current rating 
generally far exceeds the Iripple(p-p) requirement. 

In surface mount applications multiple capacitors may 
have to be parallel to meet the capacitance, ESR, or RMS 
current handling requirements of the application. 
Aluminum electrolytic and dry tantalum capacitors are 
both available in surface mount configurations. In the case 
of tantalum it is critical that the capacitors are surge tested 
for use in switching power supplies. An excellent choice 
is the AVXTPS series of surface mounttantalums, available 
in case heights ranging from 2mm to 4mm. For example, 
if 200pF/1 0 V is called for in an application requiring 3mm 
height, (2) AVX 1 00pF/1 0V (P/N TPSD 1 07K01 0) could be 
used. Consult the manufacturer for other specific 
recommendations. 



Figure 4. Minimum Value of Cout 


At low supply voltages a minimum capacitance at Cout is 
needed to prevent an abnormal low frequency operating 
mode (see Figure 4). When Cout is made too small the 
output ripple at low frequencies will be large enough to trip 
the voltage comparator. This causes Burst Mode operation 
to be activated when the LTC1143 would normally be in 
continuous operation. The output remains in regulation at 
all times. 
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Checking Transient Response 

The regulator loop response can be checked by looking at 
the load transient response. Switching regulators take 
several cycles to respond to a step in DC (resistive) load 
current. When a load step occurs, Vout shifts by an 
amount equal to AI L oad x ESR, where ESR is the effective 
series resistance of C 0 ut- aI L oad also begins to charge or 
discharge Cout until the regulator loop adapts to the 
current change and returns Vout to its steady-state value. 
During this recovery time Vout can be monitored for 
overshoot or ringing which would indicate a stability 
problem. The pin 15(7) external components shown in 
the Figure 1 circuit will prove adequate compensation for 
most applications. 

A second, more severe transient is caused by switching in 
loads with large (>1pF) supply bypass capacitors. The 
discharged bypass capacitors are effectively putin parallel 
with Cout causing a rapid drop in Vout- Mo regulator can 
deliver enough current to prevent this problem if the load 
switch resistance is low and it is driven quickly. The only 
solution is to limit the rise time of the switch drive so that 
the load rise time is limited to approximately 25 x Cload- 
Thus a lOpF capacitor would require a 250gs rise time, 
limiting the charging current to about 200mA. 

Efficiency Considerations 

The percent efficiency of a switching regulator is equal to 
the output power divided by the input power times 1 00%. 
It is often useful to analyze individual losses to determine 
what is limiting the efficiency and which change would 
produce the most improvement. Percent efficiency can be 
expressed as: 

%Efficiency = 100% - (LI + L2 + L3 + ...) 

where LI , L2, etc. are the individual losses as a percentage 
of input power. (For high efficiency circuits only small 
errors are incurred by expressing losses as a percentage 
of output power.) 

Although all dissipative elements in the circuit produce 
losses, four main sources usually account for most of the 
losses in LTC1143 circuits: 

1) LTC1 143 DC bias current 


2) MOSFET gate charge current 

3) l 2 R losses 

4) Voltage drop of the Schottky diode. 

1 ) The DC supply current is the current which flows into 
V|fj (pin 13 for the 3.3 V section, pin 5 for the 5 V section) 
less the gate charge current. For V|m= 1 0V the LTC1 1 43 
DC supply current for each section is 1 60 jjA for no load, 
and increases proportionally with load up to a constant 
1 ,6mA after the LTC1143 has entered continuous mode. 
Because the DC bias current is drawn from Vin, the 
resulting loss increases with input voltage. For V|n= 1 0V 
the DC bias losses are generally less than 1 % for load 
currents over30mA.Howeverat very low load currents 
the DC bias current accounts for nearly all of the loss. 

2) MOSFET gate charge current results from switching 
the gate capacitance of the power MOSFET. Each time 
a MOSFET gate is switched from low to high to low again, 
a packet of charge dQ moves from Vim to ground. The 
resulting dQ/dt is a current out of V| N which is typically 
much larger than the DC supply current. In continuous 
mode, Igatechg = /(Q p)- The typical gate charge for 
a 125mQ P-channel power MOSFET is 40nC. This 
results in Igatechg = 4mA in 100kHz continuous opera- 
tion, for a 2% to 3% typical mid-current loss with 
V| N = 10V. 

Note that the gate charge loss increases directly with 
both input voltage and operating frequency. This is the 
principal reason why the highest efficiency circuits 
operate at moderate frequencies. Furthermore, it ar- 
gues against using a larger MOSFET than necessary to 
control l 2 R losses, since overkill can cost efficiency as 
well as money! 

3) l 2 R losses are easily predicted from the DC resistances 
of the MOSFET, inductor, and current shunt. In continu 
ous mode the average output current flows through L 
and Rsense. but is “chopped” between the P-channel 
MOSFET and Schottky diode. The MOSFET Rds(om) multi- 
plied by the P-channel duty cycle can be summed with 
the resistances of L and Rsense to obtain l 2 R losses. 
For example, if the Rds(ON) = 0.1 £2, R|_ = 0.1 5£2, and 
Rsense = 0.05Q, then the total resistance is 0.3£1 This 
results in losses ranging from 3% to 1 0% as the output 
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current increases from 0.5A to 2A. I 2 R losses cause the 
efficiency to roll off at high output currents. 

4) The Schottky diode is a major source of power loss at 
high currents and gets worse at high input voltages. 
The diode loss is calculated by multiplying the forward 
voltage drop times the Schottky diode duty cycle 
multiplied by the load current. For example, assuming 
a duty cycle of 50% with a Schottky diode forward 
voltage drop of 0.4V, the loss increases from 0.5% to 
8% as the load current increases from 0.5A to 2A. If 
Schotky diode losses routinely exceed 5% consider 
using the synchronously switched LTC1142. 

Figure 5 shows how the efficiency losses in one section of 
a typical LTC1143 regulator end up being apportioned. 
The gate charge loss is responsible for the majority of the 
efficiency lost in the mid-current region. If Burst Mode 
operation was not employed at low currents, the gate 
charge loss alone would cause efficiency to drop to 
unacceptable levels. With Burst Mode operation, the DC 
supply current represents the lone (and unavoidable) loss 
component which continues to become a higher percent- 
age as output current is reduced. As expected, the l 2 R 
losses and Schottky diode loss dominate at high load 
currents. 



Other losses including Cin and Cout ESR dissipative 
losses, MOSFET switching losses, and inductor core losses, 
generally account for less than 2% total additional loss. 


Design Example 

As a design example, assume Vin = 12V(nominal), 5 V 
section, Imax = 2A, and f = 200kHz, Rsense. Ct> and L can 
immediately be calculated: 

Rsenses = 100mV 12 = 0.05Q 

t 0 FF = (1/200kHz) x [1 - (5/12)] = 2.92ps 

C T 5 = 2.92ps/(1.3 x 10 4 ) = 220pF 

L2 MM m = 5.1 x 10 5 x 0.05Q x 220pF x 5 V = 28pH 

Assume that the MOSFET dissipation is to be limited to 
Pp = 250mW. 

If Ta = 50°C and the thermal resistance of the MOSFET is 
50°C/W, then the junction temperatures will be 63°C and 
8p = 8 n = 0.007(63-25) = 0.27. The required Rds(ON) for 
the MOSFET can now be calculated: 

12(0.25) 

P-Cn Rds(ON) = 5(2)2 (TT27) = 01 2Q 

The P-channel requirement can be met by a Si9430DY. 
Note that the most stringent requirement forthe Schottky 
diode is with Vqut= 0 (i.e. short circuit). During a continu- 
ous short circuit, the worst case Schottky diode dissipation 
rises to: 


P D = 'SC(AVG) X V D X |l- - 

With the 0.050 sense resistor Isc(AVG) = 2A will result, 
increasing the 0.4V Schottky diode dissipation to 0.8W. 

Cin will require an RMS current rating of at least 1A at 
temperature, and Cout will require an ESR of 0.050 for 
optimum efficiency. 

Now allow Vin to drop to its minimum value. At lower input 
voltages the operating frequency will decrease and the 
P-channel will be conducting most of the time causing its 
power dissipation to increase. At Vim(min) = 7V, the fre- 
quency shifts to 49kHz and the P-channel power dissipa- 
tion increases to 435mW. Check to assure the maximum 
temperature of the P-channel is not exceeded. 
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Troubleshooting Hints 

Since efficiency is critical to LTC1143 applications it is 
very important to verify that the circuit is functioning 
correctly in both continuous and Burst Mode operation. 
The waveform to monitor is the voltage on the timing 
capacitor pin 14 and pin 6. 

In continuous mode (Iload > •burst) the voltage on the Cj 
pin should be a sawtooth with a 0.9Vp.p swing. This 
voltage should never dip below 2 V as shown in Figure 7a. 

When load currents are low (Iload < •burst) Burst Mode 
operation occurs. The voltage on the Cj pin now falls to 
ground for periods of time as shown in Figure 7b. 

If pin 14 or pin 6 is observed falling to ground at high 
output currents, it indicates poor decoupling or improper 
grounding. Refer to the Board Layout Checklist. 


ov 

(a) CONTINUOUS MODE OPERATION 

r\r\r\r\~ 33V 


(b) Burst Mode OPERATION ltch43-fo6 

Figure 7. Cj Waveforms 



Auxiliary Windings— Suppressing Burst Mode 
Operation 

The LTC1143 being a nonsynchronous switch has the 
normal limitation that the power drawn from the inductor 
primary winding must not be less than twice the power 
drawn from the auxiliary windings. (With synchronous 
switching, using the LTC1142, auxiliary outputs may be 
loaded without regard to the primary output load, provid- 
ing that the loop remains in continuous mode operation.) 

Burst Mode operation can be suppressed at low output 
currents with a simple external network which cancels the 
25mV minimum current comparatorthreshold. This tech- 
nique is also useful for eliminating audible noise from 


certain types of inductors in high current (Iout>5A) 
applications when they are lightly loaded. 

An external offset is put in series with the Sense" pin to 
subtract from the built-in 25mV offset. An example of this 
technique is shown in Figure 8. Two 100L2 resistors are 
inserted in series with the sense leads from the sense 
resistor. 


SENSE + 


R2 

100Q 

AAA, 

[PIN 16 (8)] “ 

"X 

— 'VW 


~~~ lOOOpF 

R1 

SENSE - _ 

T 

100Q 

[PIN 1(19)] T 



Figure 8. Suppression of Burst Mode Operation 


With the addition of R3 a current is generated though R1 
causing an offset of: 


^OFFSET = V OUT x 


R1 


R1 +R3 


If Voffset > 25m V, the built-in offset will be cancelled and 
Burst Mode operation is prevented from occurring. Since 
^offset ' s constan t the maximum load current is also 
decreased by the same offset. Thus, to get back to the 
same I max, the value of the sense resistor must be lower: 


r sense “ 


75mV 

•max 


To prevent noise spikes from erroneously tripping the 
current comparator, a 1 0OOpF capacitor is needed across 
pins 1 (16) and 9 (8). 


Board Layout Checklist 

When laying out the printed circuit board, the following 
checklist should be used to ensure proper operation of the 
LTC1143. These items are also illustrated graphically in 
the layout diagram of Figure 9. In general each block 
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should be self-contained with little cross coupling for 
best performance. Check the following in your layout: 

1) Are the signal and power grounds segregated? The 
LTC1143 ground pin 3 (11) must return separately to: 
a) the power, and b) the signal grounds. The power 
ground returns to the anode of the Schottky diode and 
(-) plate of C|n, which should have as short lead lengths 
as possible.The signal ground (b) connects to the (-) 
plate of Cout- 

2) Does the LTC1 1 43 Sense" pin 1 6 (8) connect to a point 
close to Rsense and the (+) plate of Cout? 

3) Are the Sense" and Sense* leads routed together with 
minimum PC trace spacing? The 1 0OOpF capacitor 


between pins 1 (9) and 1 6 (8) should be as close as 
possible to the LTC1 143. 

4) Does the (+) plate of Cin connect to the source of the 
P-channel MOSFET as closely as possible? This ca- 
pacitor provides the AC current to the P-Channel 
MOSFET. 

5) Is the Vin decoupling capacitor (1 pF, 0.1 pF) connected 
closely between pin 1 3 (5) and ground pin 3(11)? This 
capacitor carries the MOSFET driver peak currents. 

6) Are the Shutdown pins 2 and 10 actively pulled to 
ground during normal operation? Both shutdown pins 
are high impedance and must not be allowed to float. 
Both pins can be driven by the same external signal 
if needed. 


P-CH LI RSENSE5 
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TYPICAL APPLICATION 


V|N 

5.2V TO 14V 



RSENSE3: IRC LR251 2-01 -0R1 00G C iN3l C| N5 : AVX (TA) TPSD226K025R0200 L2: COILTRONICS CTX50-4 

RSENSE5: IRC LR2512-01-ORO5OG C 0 UT3. C 0 UT5: AVX (TA) TPSE227K010R0080 L2: COILTRONICS CTX25-4 

Figure 10. Ail Surface Mount Dual 5V/2A, 3.3V/1A Converter 



V|N 

5.2V TO 14V 



RsENSE 3 : KRL SL-1 /2-C1 -OR050J C| N3 , C| N5 : AVX (TA) TPSD226K025R0200 LI: COILTRONICS CTX25-4 

RSENSE5: KRL SL-1/2-C1-0R050J C 0U T3, C 0U T5: AVX (TA) TPSE227K010R0080 L2: COILTRONICS CTX25-4 

Figure 11. All Surface Mount Dual 5V/2A, 3.3V/2A Converter 
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TECHNOLOGY High Efficiency Step-Down 

Switching Regulator Controllers 


Kimiircs 

■ Very High Efficiency: Over 95% Possible 

■ Current Mode Operation for Excellent Line and Load 
Transient Response 

■ High Efficiency Maintained Over Three Decades of 
Output Current 

■ Low 160pA Standby Current at Light Loads 

■ Logic Controlled Micropower Shutdown: Iq < 20pA 

■ Wide Vin Range: 3.5V* to 16V 

■ Short-Circuit Protection 

■ Very Low Dropout Operation: 100% Duty Cycle 

■ High Efficiency in a Small Amount of Board Space 

■ Output Can be Externally Held High in Shutdown 

■ Available in 8-Pin SO Package 

nppucOTions 

■ Notebook and Palmtop Computers 

■ Portable Instruments 

■ Battery-Operated Digital Devices 

■ Cellular Telephones 

■ DC Power Distribution Systems 

■ GPS Systems 


DCSCRIPTIOH 

The LTC1147 series are step-down switching regulator 
controllers featuring automatic Burst Mode™ operation to 
maintain high efficiencies at low output currents. These 
devices drive an external P-channel power MOSFET at 
switching frequencies exceeding 400kHz using a constant 
off-time current mode architecture providing constant 
ripple current in the inductor. 

The operating current level is user-programmable via an 
external current sense resistor. Wide input supply range 
allows operation from 3.5V* to 14V (16V maximum). 
Constant off-time architecture provides low dropout regu- 
lation limited by only the Rds(ON) of the external MOSFET 
and resistance of the inductor and current sense resistor. 

The LTC1 147 series incorporate automatic power saving 
Burst Mode operation to reduce switching losses when 
load currents drop below the level required forcontinuous 
operation. Standby power is reduced to only 2mW at 
Vin = 10V (at Iout = 0). Load currents in Burst Mode 
operation are typically 0mA to 300mA. 

For applications where even higher efficiency is required, 
refer to the LTC1 1 48 data sheet. 


Burst Mode is a trademark of Linear Technology Corporation. 
*LTC1 147L-3.3 only. 
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% (5.2V TO 14V) 



Figure 1 . High Efficiency Step-Down Converter 
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PACKRGE/ORDER IRFORfllATIOn 


Input Supply Voltage (Pin 1) 16V to -0.3V 

Continuous Output Current (Pin 8) 50mA 

Sense Voltages (Pins 4, 5) 10V to -0.3V 

Operating Ambient Temperature Range 0°C to 70°C 

Extended Commercial 

Temperature Range -40°C to 85°C 

Junction Temperature (Note 1) 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



T) P-DRIVE 

7] GNO 
J] SHUTDOWN 
H SENSE + 

S8 PACKAGE 
l-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 


Tjmax= 125°C, 8ja= 110°C/W (N) 
TjMAX=125"C,e JA =150"C/W(S) 


ORDER PART 
NUMBER 


LTC1147CN8-3.3 
LTC1147CN8-5 
LTC1 1 47CS8-3.3 
LTC1 1 47LCS8-3.3 
LTC1 1 47CS8-5 


S8 PART MARKING 


11473 

11475 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS T a = 25°C, V jN = 10V, Vshutdown = 0V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VoUT 

Regulated Output Voltage 

V,n = 9V 







LTC1 147-3.3 

(load = 700mA 

• 

3.23 

3.33 

3.43 

V 


LTC1 147-5 

Iload = 700mA 

• 

4.90 

5.05 

5.20 

V 

aVout 

Output Voltage Line Regulation 

Vin = 7V to 12 V, I LO ad = 50mA 


-40 

0 

40 

mV 


Output Voltage Load Regulation 








LTC1 147-3.3 

5mA < Iload < 2A 

• 


40 

65 

mV 


LTC1 147-5 

5mA < Iload < 2 A 

• 


60 

100 

mV 


Burst Mode™ Output Ripple 

■load = 0A 


50 ! 

mVp.p 

Iq 

Input DC Supply Current (Note 2) 

(Note 5) 







Normal Mode 

4V < V,n < 12V 



1.6 

2.1 

mA 


Sleep Mode (LTC1 147-3.3) 

4V< V, N < 12V 



160 

230 

pA 


Sleep Mode (LTC1 147-5) 

5V<V| N <12V 



160 

230 

pA 


Shutdown 

^SHUTDOWN = 2.1V, 4V < V| N < 12V 



10 

20 

pA 

V 5 -V 4 

Current Sense Threshold Voltage 








LTC1 147-3.3 

Vsense - = Vout + 100 mV (Forced) 



25 


mV 



Vsense - = Vout - 1 OOrnV (Forced) 

• 

130 

150 

170 

mV 


LTC1 147-5 

Vsense - = Vout + 100 mV (Forced) 



25 


mV 



Vsense - - Vout - lOOmV (Forced) 

• 

130 

150 

170 

mV 

V 6 

Shutdown Pin Threshold 



0.6 

0.8 

2 

V 

•e 

Shutdown Pin Input Current 

0 V < Vshutdown < 8 V, Vin = 16V 



1.2 

5 

pA 

I2 

Cj Pin Discharge Current 

Vout in Regulation, Vsense - = Vout 


50 

70 

90 

pA 



Vout = 0 V 



2 

10 

pA 

tOFF 

Off-Time (Note 3) 

Cj = 390pF, Iload = 700mA 

• 

4 

5 

6 

ps 

tr.tf 

Driver Output Transition Times 

C L = 3000pF (Pins 8 ),V tN = 6 V 



100 

200 

ns 
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€l€CTRICRl CHARACTERISTICS -40°C < Ta < 85°C (Note 4), V| N = 10V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS j 

MIN 

TYP 

MAX 

UNITS 

VOUT 

Regulated Output Voltage 

V|N = 9V 







LTC1 147-3.3 

Iload = 700mA 

• 

3.17 

3.33 

3.4 

V 


LTC1 147-5 

Iload = 700mA 

• 

4.85 

5.05 

5.2 

V 

Iq 

Input DC Supply Current (Note 2) 

(Note 5) 







Normal Mode 

4V< V| N < 12V 



1.6 

2.4 

mA 


Sleep Mode (LTC1 147-3.3) 

4V< V, N < 12V 



160 

260 

pA 


Sleep Mode (LTC1 147-5) 

5V < Vim < 12V 



160 

260 

pA 


Shutdown 

VSHUTDOWN = 2.1V, 4V < V| N < 12V 



10 

22 

PA 

v 5 -v 4 

Current Sense Threshold Voltage 








LTC1 147-3.3 

Vsense - = ^out + 100mV (Forced) 



25 


mV 



Vsense" = Vout ~ "1 OOrnV (Forced) 

• 

125 

150 

175 

mV 


LTC1 147-5 

Vsense" = Vout + lOOmV (Forced) 



25 


mV 



Vsense - = Vout “ ^ (Forced) 

• 

125 

150 

175 

mV 

V 6 

Shutdown Pin Threshold 



0.55 

0.8 

2 

V 

tOFF 

Off-Time (Note 3) 

Cy = 390pF, Iload = 700mA 

• 

3.8 

5 

6 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation Pd according to the following formulas: 

LTC1 1 47CN8-3.3, LTC1 1 47CN8-5: Tj = T A + (P D x 110°C/W) 
LTC1147CS8-3.3, LTC1147CS8-5: Tj = T A + (P D x 150°C/W) 

Note 2: Dynamic supply current is higher due to the gate charge being 
delivered at the switching frequency. See Applications Information. 


Note 3: In applications where Rsense is placed at ground potential, the off- 
time increases approximately 40%. 

Note 4: The LTC1147-3.3/LTC1 147-5 are not tested and not quality 
assurance sampled at-40°C and 85°C. These specifications are 
guaranteed by design and/or correlation. 

Note 5: The LTC1 147L-3.3 allows operation to V t M = 3.5 V. 


TVPICRl PCRFORfRAACE CHARACTERISTICS 



INPUT VOLTAGE (V) 

LTC1 147 • TPCOI 


Line Regulation 



Load Regulation 



LOAD CURRENT (A) 

LTC1 147 • TPC03 


4-382 


rrunm 

TECHNOLOGY 








LTC1147-3.3/LTC1147-5 


TVPicm P€RFORmnnc€ chrrrctcristics 



q I, I 1, 1 I, | L I I 1 I 

0 2 4 6 8 10 12 14 16 18 


INPUT VOLTAGE (V) 

LTC1147 ■ TPC04 


Gate Charge Supply Current 



20 80 140 200 260 

OPERATING FREQUENCY (kHz) 

LTC1 147 • JPC07 



0 2 4 6 8 10 12 14 16 18 


INPUT VOLTAGE (V) 

LTC1 147 • TPC05 



OUTPUT VOLTAGE (V) 

LTC1 147 • TPC08 


Operating Frequency 
vs(Vin-Vout) 



(Vin-Vout) voltage (V) 


LTC1148 »TPC06 


Current Sense Threshold Voltage 



0 20 40 60 80 100 

TEMPERATURE (°C) 


LTC1147 • TPC09 



pm Funcnons 

Pin 1 (Vim): Main supply pin. Must be closely decoupled to 
ground pin 7. 

Pin 2 (Ct): External capacitor Cy from pin 2 to ground sets 
the operating frequency. The actual frequency is also 
dependent upon the input voltage. 

Pin 3 (I th ): Gain amplifier decoupling point. The current 
comparator threshold increases with the pin 3 voltage. 

Pin 4 (Sense"): Connects to internal resistive divider 
which sets the output voltage. Pin 4 is also the (-) input for 
the current comparator. 

Pin 5 (Sense + ): The (+) input to the current comparator. 
A built-in offset between pins 4 and 5 in conjunction with 
Rsense sets the current trip threshold. 


Pin 6 (Shutdown): When grounded, the LTC1147 oper- 
ates normally. Pulling pin 6 high holds the P-channel 
MOSFET off and puts the LTC1147 in micropower shut- 
down mode. Requires CMOS logic signal with t r ,tf<1ps. 
Do not leave this pin floating. 

Pin 7 (Ground): Two independent ground lines must be 
routed separately to: 1 ) the (-) terminal of Cout. and 2) the 
cathode of the Schottky diode and (-) terminal of Cin. 

Pin 8 (P-Channel Drive): High current drive for the 
P-channel MOSFET. Voltage swing at this pin is from V| N 
to ground. 
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OPCRATIOn (Refer to Functional Diagram) 

The LTC1 1 47 series use a current mode, constant off-time 
architecture to switch an external P-channel power 
MOSFET. Operating frequency is set by an external capaci- 
tor at Cj (pin 2). 

The output voltage is sensed by an internal voltage divider 
connected to Sense" (pin 4). A voltage comparator)/, and 
a gain block G, compare the divided output voltage with a 
reference voltage of 1.25V. To optimize efficiency, the 
LTC1 1 47 series automatically switch between two modes 
of operation, burst and continuous. The voltage compara- 
tor is the primary control element when the device is in 
Burst Mode operation, while the gain block controls the 
output voltage in continuous mode. 

During the switch “on” cycle in continuous mode, current 
comparator C monitors the voltage between pins 4 and 5 
connected across an external shunt in series with the 
inductor. When the voltage across the shunt reaches its 
threshold value, the P-drive output is switched to Vin, 
turning off the P-channel MOSFET. The timing capacitor 
connected to pin 2 is now allowed to discharge at a rate 
determined by the off-time controller. The discharge cur- 
rent is made proportional to the output voltage (measured 
by pin 4) to model the inductor current, which decays at a 
rate which is also proportional to the output voltage. 

When the voltage on the timing capacitor has discharged 
past Vjhi, comparator T trips, setting the flip-flop. This 
causes the P-drive output to go low turning the P-channel 
MOSFET back on. The cycle then repeats. 

As the load current increases, the output voltage de- 
creases slightly. This causes the output of the gain stage 


(pin 3) to increase the current comparator threshold, thus 
tracking the load current. 

The sequence of events for Burst Mode operation is very 
similar to continuous operation with the cycle interrupted 
by the voltage comparator. When the output voltage is at 
or above the desired regulated value, the P-channel 
MOSFET is held off by comparator V and the timing 
capacitor continues to discharge below Vjhi. When the 
timing capacitor discharges past Vth 2 , voltage compara- 
tor S trips, causing the internal sleep line to go low. 

The circuit now enters sleep mode with the power MOSFET 
turned off. In sleep mode, a majority of the circuitry is 
turned off, dropping the quiescent current from 1 ,6mA to 
160pA. The load current is now being supplied from the 
output capacitor. When the output voltage has dropped by 
the amount of hysteresis in comparator V, the P-channel 
MOSFET is again turned on and this process repeats. 

To avoid the operation of the current loop interfering with 
Burst Mode operation, a built-in offset Vos is incorporated 
in the gain stage. This prevents the current comparator 
threshold from increasing until the output voltage has 
dropped below a minimum threshold. 

Using constant off-time architecture, the operating fre- 
quency is a function of the input voltage. To minimize the 
frequency variation as dropout is approached, the off-time 
controller increases the discharge current as V^ drops 
below Vout + 1 -5V. In dropout the P-channel MOSFET is 
turned on continuously (100% duty cycle), providing low 
dropout operation with Vout « Vug. 
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The basic LTC1147 application circuit is shown in Figure 
1. External component selection is driven by the load 
requirement, and begins with the selection of Rsense- 
Once Rsense is known, Cj and L can be chosen. Next, the 
power MOSFET and D1 are selected. Finally, Cin and Cout 
are selected and the loop is compensated. The circuit 
shown in Figure 1 can be configured for operation up to an 
input voltage of 16V. If the application requires higher 
input voltage, then the synchronous switched LTC1149 
should be used. Consult factory for lower minimum input 
voltage version. 


Rsense Selection for Output Current 

Rsense is chosen based on the required output current. 
The LTC1 147 series current comparator has a thresh- 
old range which extends from a minimum of 25mV/ 
Rsense to a maximum of 150itiV/Rsense- The current 
comparator threshold sets the peak of the inductor 
ripple current, yielding a maximum output current Imax 
equal to the peak value less half the peak-to-peak ripple 
current. For proper Burst Mode operation, Iripple(p-p) 
must be less than or equal to the minimum current 
comparator threshold. 

Since efficiency generally increases with ripple current, 
the maximum allowable ripple current is assumed, i.e., 
Iripple(p-p) = 25mV/RsENSE (See Cj and L Selection for 
Operating Frequency). Solving for Rsense and allowing 
a margin for variations in the LTC1147 series and 
external component values yields: 


Rsense = 


IQOmV 

■max 


A graph for selecting Rsense versus maximum output 
current is given in Figure 2. 

The load current below in which Burst Mode operation 
commences, Iburst and the peak short-circuit current 
■sc(PK). both track I M ax- Once Rsense has been chosen, 
■burst and Isc(PK) can be predicted from the following: 


■burst “ 


15mV 

Rsense 


■sC(PK) = 


150mV 

Rsense 



MAXIMUM OUTPUT CURRENT (A) 


Figure 2. Selecting Rsense 

The LTC1147 series automatically extend Ioff during a 
short circuit to allow sufficient time for the inductor 
current to decay between switch cycles. The resulting 
ripple current causes the average short-circuit current 
■sc(avg) to be reduced to approximately Imax- 


L and Ct Selection for Operating Frequency 

The LTC1147 series use a constant off-time architecture 
with toFF determined by an external timing capacitor Cj. 
Each time the P-channel MOSFET switch turns on, the 
voltage on Cj is reset to approximately 3.3V. During the 
off-time, Cj is discharged by a current which is propor- 
tional to Vout- The voltage on Cy is analogous to the 
current in inductor L, which likewise decays at a rate 
proportional to Vout- Thus the inductor value must track 
the timing capacitor value. 

The value of Cy is calculated from the desired continuous 
mode operating frequency: 


C T = 


1 

1 .3 x 1 0 4 x f 


/ V IN~ V OUT 
\ V IN + V D , 


Where Vo is the drop across the Schottky diode. 


A graph for selecting Cy versus frequency including the 
effects of input voltage is given in Figure 3. 
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Figure 3. Timing Capacitor Value 


As the operating frequency is increased the gate charge 
losses will reduce efficiency (see Efficiency Consider- 
ations). The complete expression for operating frequency 
is given by: 




v out | 

v ii\i / 


where: 


t(DFF = 1 -3 x 1 ()4 x Cj x 


(W| 

\ v out/ 


inductor is used, the inductor current will become 
discontinuous before the LTC1 1 47 series enters Burst 
Mode operation. A consequence of this isthatthe LTC1 1 47 
series will delay entering Burst Mode operation and effi- 
ciency will be degraded at low currents. 

Inductor Core Selection 

Once the minimum value for L is known, the type of 
inductor must be selected. Highest efficiency will be 
obtained using ferrite, Kool M|i® (from Magnetics, Inc.) or 
molypermalloy (MPP) cores. Lower cost powdered iron 
cores provide suitable performance but cut efficiency by 
3% to 5%. Actual core loss is independent of core size for 
a fixed inductor value, but it is very dependent on induc- 
tance selected. As inductance increases, core losses go 
down. Unfortunately, increased inductance requires more 
turns of wire and therefore copper losses will increase. 

Ferrite designs have very low core loss, so design goals 
can concentrate on copper loss and preventing satura- 
tion. Ferrite core material saturates “hard,” which means 
that inductance collapses abruptly when the peak design 
current is exceeded. This results in an abrupt increase in 
inductor ripple current and consequent output voltage 
ripple which can cause Burst Mode operation to be 
falsely triggered in the LTC1147. Do notallow the core 
to saturate! 


Vreg is the desired output voltage (i.e., 5 V, 3.3V). Vqut is 
the measured output voltage. Thus Vreq/Vout = 1 in 
regulation. 

Note that as Vin decreases, the frequency decreases. 
When the input to output voltage differential drops 
below 1 .5 V, the LTC1 1 47 reduces toFF by increasing the 
discharge current in Cj. This prevents audible opera- 
tion prior to dropout. 

Once the frequency has been set by Ct, the inductor L 
must be chosen to provide no more than 25itiV/Rsense 
of peak-to-peak inductor ripple current. This results in 
a minimum required inductor value of: 

i-MIN = 5.1 x 1 0 5 x Rsense X Cj x V RE g 

As the inductor value is increased from the minimum 
value, the ESR requirements for the output capacitor 
are eased at the expense of efficiency. If too small an 


Kool Mu is a very good , low loss core material for toroids 
with a “soft” saturation characteristic. Molypermalloy is 
slightly more efficient at high (>200kHz) switching fre- 
quencies but quite a bit more expensive. Toroids are very 
space efficient, especially when you can use several 
layers of wire. Because they generally lack a bobbin, 
mounting is more difficult. However, new designs for 
surface mount are available from Coiltronics, Sumida and 
Beckman Industrial Corp. which do not increase the 
height significantly. 

Power MOSFET Selection 

An external P-channel power MOSFET must be selected 
for use with the LTC1147 series. The main selection 
criteria for the power MOSFET are the threshold voltage 
Vqs(TH) and “on" resistance Rds(ON)- 

Kool M|iis a registered trademark of Magnetics, Inc. 
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The minimum input voltage determines whether a stan- 
dard threshold or logic-level threshold MOSFET must be 
used. ForV|N>8V, a standard threshold MOSFET(Vgs(th) 
< 4V) may be used. If Vin is expected to drop below 8V, 
a logic-level threshold MOSFET (Vgs(TH) < 2.5V) is 
strongly recommended. When a logic-level MOSFET is 
used, the LTC1 147 supply voltage must be less than the 
absolute maximum Vqs ratings for the MOSFET. 

The maximum output current Imax determines the Rds(on) 

requirement for the power MOSFET. When the LTC1147 
series is operating in continuous mode, the simplifying 
assumption can be made that either the MOSFET or 
Schottky diode is always conducting the average load 
current. The duty cycles for the MOSFET and diode are 
given by: 

P-Ch Duty Cycle = 

V IN 

Schottky Diode Duty Cycle = ^ 

“IN 

From the duty cycle the required Rds(ON) for the MOSFET 
can be derived: 


P-Ch Rds(on) = 


v in x p p 

v out x !max 2 x 0 + 8 p) 


where Pp is the allowable power dissipation and Sp is the 
temperature dependency of Rds(ON)- Pp will be deter- 
mined by efficiency and/or thermal requirements (see 
Efficiency Considerations). (1 + 8) is generally given for 
a MOSFET in the form of a normalized Rds(ON) vs tempera- 
ture curve, but 8 = 0.007/°C can be used as an approxima- 
tion for low voltage MOSFETs. 


Output Diode Selection (D1) 

The Schottky diode D1 shown in Figure 1 only conducts 
during the off-time. It is important to adequately specify 
the diode peak current and average power dissipation so 
as not to exceed the diode ratings. 

The most stressful condition for the output diode is under 
short circuit (Vout = 0). Under this condition the diode 
must safely handle Isc(PK) at dose to 100% duty cycle. 
Under normal load conditions the average current con- 
ducted by the diode is: 


i di ,( V '"-v7 +Vd > (I l qad) 

Remember to keep lead lengths short and observe proper 
grounding (see Board Layout Checklist) to avoid ringing 
and increased dissipation. 

The forward voltage drop allowable in the diode is calcu- 
lated from the maximum short-circuit current as: 


V F = 


P D 

ISC(PK) 


where Pd is the allowable power dissipation and will be 
determined by efficiency and/or thermal requirements 
(see Efficiency Considerations). 


C|n and Cout Selection 

In continuous mode, the source current of the P-channel 
MOSFET is a square wave of duty cycle Vqut/Vin- To 
prevent large voltage transients, a low ESR input capaci- 
torsized forthe maximum RMS current must be used. The 
maximum RMS capacitor current is given by: 


C, B Required l RMS -l M « |V ° UT( \' / ° llT)llg 

This formula has a maximum at Vin = 2Vout. where 
•rms = I out/2. This simple worst case condition is com- 
monly used for design because even significant devia- 
tions do not offer much relief. Note that capacitor 
manufacturer’s ripple current ratings are often based on 
only 2000 hours of life. This makes it advisable to further 
derate the capacitor, or to choose a capacitor rated at a 
higher temperature than required. Several capacitors 
may also be paralleled to meet size or height require- 
ments in the design. Always consult the manufacturer if 
there is any question. An additional 0.1 pF to 1 pF ceramic 
decoupling capacitor is also required on Vin (pin 1) for 
high frequency decoupling. 

The selection of Cout is driven by the required effective 
series resistance (ESR). The ESR of Cout must be less 
than twice the value of R sense for proper operation of the 
LTC1 141 7 : 

Cout Required ESR < 2Rsense 
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Optimum efficiency is obtained by making the ESR equal 
to Rsense- As the ESR is increased up to 2Rsense. the 
efficiency degrades by less than 1 %. If the ESR is greater 
than 2Rsense> the voltage ripple on the output capacitor 
will prematurelytriggerBurst Mode operation, resulting in 
disruption of continuous mode and an efficiency hit which 
can be several percent. 

Manufacturers such as Nichicon and United Chemicon 
should be considered for high performance capacitors. 
The OS-CON semiconductor dielectric capacitor available 
from Sanyo has the lowest ESR/size ratio of any aluminum 
electrolytic at a somewhat higher price. Once the ESR 
requirement for Cout has been met, the RMS current 
rating generally far exceeds the Iripple(P-p) requirement. 

In surface mount applications multiple capacitors may 
have to be paralleled to meet the capacitance, ESR, or 
RMS current handling requirements of the application. 
Aluminum electrolytic and dry tantalum capacitors are 
both available in surface mount configurations. In the 
case of tantalum, it is critical that the capacitors are surge 
tested for use in switching power supplies. An excellent 
choice is the AVX TPS series of surface mount tantalums, 
available in case heights ranging from 2mm to 4mm. For 
example, if 200pF/10V is called for in an application 
requiring 3mm height, two AVX lOOpF/IOV (P/N TPSD 
107K010) could be used. Consult the manufacturer for 
other specific recommendations. 

At low supply voltages, a minimum capacitance at Cout is 
needed to prevent an abnormal low frequency operating 



Wn-Vout) voltage (V) 

LTC1147 • F04 

Figure 4. Minimum Value of Cout 


mode (see Figure 4). When Cout is made too small, the 
output ripple at low frequencies will be large enough to trip 
the voltage comparator. This causes Burst Mode opera- 
tion to be activated when the LTC1147 series would 
normally be in continuous operation. The effect is most 
pronounced with low values of Rsense and can be im- 
proved by operating at higher frequencies with lower 
values of L. The output remains in regulation at all times. 

Checking Transient Response 

The regulator loop response can be checked by looking 
at the load transient response. Switching regulators 
take several cycles to respond to a step in DC (resistive) 
load current. When a load step occurs, Vout shifts by an 
amount equal to AIload x ESR, where ESR is the 
effective series resistance of Cout- AIload also begins 
to charge or discharge Cout until the regulator loop 
adapts to the current change and returns Vqut to its 
steady state value. During this recovery time Vout oan 
be monitored for overshoot or ringing which would 
indicate a stability problem. The external components 
shown in the Figure 1 circuit will prove adequate com- 
pensation for most applications. 

A second, more severe transient is caused by switching 
in loads with large (> 1 pF) supply bypass capacitors. The 
discharged bypass capacitors are effectively put in par- 
allel with Cout. causing a rapid drop in Vout- Mo regulator 
can deliver enough current to prevent this problem if the 
load switch resistance is low and it is driven quickly. The 
only solution is to limit the rise time of the switch drive so 
that the load rise time is limited to approximately 25 x 
Cload- Thus a 1 OpF capacitor would require a 250ps rise 
time, limiting the charging current to about 200mA. 

Efficiency Considerations 

The percent efficiency of a switching regulator is equal to 
the output power divided by the input power times 100%. 
It is often useful to analyze individual losses to determine 
what is limiting the efficiency and which change would 
produce the most improvement. Percent efficiency can be 
expressed as: 

%Efficiency = 100% - (LI + L2 + L3 + ...) 
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where LI, L2, etc., are the individual losses as a percent- 
age of input power. (For high efficiency circuits only small 
errors are incurred by expressing losses as a percentage 
of output power). 

Although all dissipative elements in the circuit produce 
losses, four main sources usually account for most of the 
losses in LTC1147 circuits: 1) LTC1147 DC bias current, 
2) MOSFET gate charge current, 3) l 2 R losses, and 4) 
voltage drop of the Schottky diode. 

1 . The DC supply current is the current which flows into 
Vin (pin 1 ) less the gate charge current. For % = 1 0V 
the LTC1 1 47 series DC supply current is 1 60pA for no 
load, and increases proportionally with load up to a 
constant 1 ,6mAafterthe LTC1 147 series has entered 
continuous mode. Because the DC bias current is 
drawn from Vin, the resulting loss increases with 
input voltage. For Vin = 10V the DC bias losses are 
generally less than 1 % for load currents over 30mA. 
However, at very low load currents the DC bias current 
accounts for nearly all of the loss. 

2. MOSFET gate charge current results from switching 
the gate capacitance of the power MOSFET. Each time 
a MOSFET gate is switched from low to high to low 
again, a packet of charge dQ moves from Vin to 
ground. The resulting dQ/dt is a current out of % 
which is typically much larger than the DC supply 
current. In continuous mode, Igatechg = f(Qp)- The 
typical gate charge for a 0.1 35Q P-channel power 
MOSFET is 40nC. This results in Igatechg = 4mA in 
100kHz continuous operation for a 2% to 3% typical 
mid-current loss with V^ = 10V. 

Note that the gate charge loss increases directly with 
both input voltage and operating frequency. This is the 
principal reason why the highest efficiency circuits 
operate at moderate frequencies. Furthermore, it ar- 
gues against using a larger MOSFET than necessary to 
control l 2 R losses, since overkill can cost efficiency as 
well as money! 

3. I 2 R losses are easily predicted from the DC resis- 
tances of the MOSFET, inductor, and current shunt. In 
continuous mode the average output current flows 
through L and Rsense. but is “chopped” between the 


P-channel and Schottky diode. The MOSFET Rds(ON) 
multiplied by the P-channel duty cycle can be summed 
with the resistances of L and Rsense to obtain l 2 R 
losses. For example, if Rds(ON) = 0.1Q, Rl = 0.15L2, 
and Rsense = 0.05Q, then the total resistance is 0.3Q 
at Vin = 2Vout- This results in losses ranging from 3% 
to 10% as the output current increases from 0.5A to 
2A. I 2 R losses cause the efficiency to roll off at high 
output currents. 

4. The Schottky diode is a major source of power loss at 
high currents and gets worse at high input voltages. 
The diode loss is calculated by multiplying the forward 
voltage drop times the Schottky diode duty cycle 
multiplied by the load current. For example, assuming 
a duty cycle of 50% with a Schottky diode forward 
voltage drop of 0.4V, the loss increases from 0.5% to 
8% as the load current increases from 0.5A to 2A. 

Figure 5 shows how the efficiency losses in a typical 
LTC1 147 series regulator end up being apportioned. 
The gate charge loss is responsible forthe majority of 
the efficiency lost in the mid-current region. If Burst 
Mode operation was not employed at low currents, 
the gate charge loss alone would cause efficiency to 
drop to unacceptable levels. With Burst Mode opera- 
tion, the DC supply current represents the lone (and 
unavoidable) loss component which continues to 
become a higher percentage as output current is 
reduced. As expected, the l 2 R losses and Schottky 
diode loss dominate at high load currents. 



Figure 5. Efficiency Loss 
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Other losses including Cin and Cout ESR dissipative 
losses, MOSFET switching losses, and inductor core losses, 
generally account for less than 2% total additional loss. 

Design Example 

As a design example, assume V !N = 5 V (nominal), Vout = 
3.3V, Imax = 1A, and f = 130kHz; Rsense. Cj and L can 
immediately be calculated: 

Rsense = lOOmV/IA = 0.1 Q. 

t 0F F = (1/130kHz) x [1 - (3.3/5)] = 2.61 ps 

C T = 2.61 |os/(1 .3 x 1 0 4 ) = 220pF 

L = 5.1 x 10 5 x 0.1 £2 x 220pF x 3.3 V = 33pH 

Assume that the MOSFET dissipation is to be limited to 
P p = 250mW. 

If Ta = 50°C and the thermal resistance of the MOSFET is 
50°C/W, then the junction temperatures will be 63°C and 
5p = 0.007(63 - 25) = 0.27. The required Rds(ON) for the 
MOSFET can now be calculated: 

P-Ch R DS(ON) = 3 3^ 1 ( ) 0 2 ^ ) 27) = o.3a 

The P-channel requirement can be met by a Si9430DY. 
Note that the most stringent requirement for the Schottky 
diode is with Vout = 0 (i.e., short circuit). During a 
continuous short circuit, the worst case Schottky diode 
dissipation rises to: 

P D = l SC(AVG) xV D 

With the 0.1£2 sense resistor Isc(AVG) = 1A will result, 
increasing the 0.4V Schottky diode dissipation to 0.4W. 

Cin will require an RMS current rating of at least 0.5A at 
temperature, and Cout will require an ESR of 0.1 Q for 
optimum efficiency. 

Nowallow Vin to drop to its minimum value. At lower input 
voltages the operating frequency will decrease and the 
P-channel will be conducting most of the time, causing the 
power dissipation to increase. At VnpiiN) = 4.5V, the 
frequency will decrease and the P-channel will be conduct- 
ing most of the time causing its power dissipation to 
increase. At Vim(min) = 4.5V: 


f MIN = 


-J-(l-M) 

2.61 ps \ 4.5/ 


= 102kHz 


Pp J-- 3 (0-125^1A) 2 (1j7) = 116mW 

This last step is necessary to assure that the power 
dissipation and junction temperature of the P-channel are 
not exceeded. 

Troubleshooting Hints 

Since efficiency is critical to LTC1 1 47 series applications, 
it is very important to verify that the circuit is functioning 
correctly in both continuous and Burst Mode operation. 
The waveform to monitor is the voltage on the timing 
capacitor pin 2. 

In continuous mode (Iload > Iburst) the voltage on the Ct 
pin should be a sawtooth with a 0.9V P . P swing. This 
voltage should never dip below 2 V as shown in Figure 6a. 

When load currents are low (Iload < Iburst) Burst Mode 
operation occurs. The voltage on the Ct pin now falls to 
ground for periods of time as shown in Figure 6b. During 
this time the LTC1147 series are in sleep mode with the 
quiescent current reduced to 160pA. 

The inductor current should also be monitored. Look to 
verify that the peak-to-peak ripple current in continuous 
mode operation is approximately the same as in Burst 
Mode operation. 




(a) CONTINUOUS MODE OPERATION 


p \r\r\TY~ 


(b) Burst Mode OPERATION 


Figure 6. Ct Waveforms 

If pin 2 is observed falling to ground at high output 
currents, it indicates poor decoupling or improper ground- 
ing. Refer to the Board Layout Checklist. 
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Board Layout Checklist 

When laying out the printed circuit board, the following 
checklist should be used to ensure proper operation of the 
LTC1147 series. These items are also illustrated graphi- 
cally in the layout diagram of Figure 7. Check the following 
in your layout: 

1. Are the signal and power grounds segregated? The 
LTC1147 ground (pin 7) must return separately to a) 
the power and b) signal grounds. The power ground 
(a) returns to the source anode of the Schottky diode, 
and (-) plate of Cin, which should have lead lengths 
as short as possible. The signal ground (b) connects 
to the (-) plate of Com- 

2. Does the LTC1 147 Sense - (pin 4) connect to a point 
close to Rsense and the (+) plate of Cqut? 


3. Are the Sense - and Sense + leads routed together with 
minimum PC trace spacing? The lOOOpF capacitor 
between pins 4 and 5 should be as close as possible to 
the LTC1147. 

4. Does the (+) plate of Cin connect to the source of the 
P-channel MOSFET as closely as possible? This capaci- 
tor provides the AC current to the P-channel MOSFET. 

5. Is the input decoupling capacitor (O.lpF/lpF) con- 
nected closely between Vin (pin 1) and ground (pin 7)? 
This capacitorcarries the MOSFET driver peakcurrents. 

6. Is the Shutdown (pin 6) actively pulled to ground during 
normal operation? The Shutdown pin is high imped- 
ance and must not be allowed to float. 



Figure 7. LTC1147 Layout Diagram (See Board Layout Checklist) 


For additional High Efficiency application circuits see Application Note 54. 
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typical application 


V|N 

4 V TO 14V 



*C0ILTR0NICS CTX50-2-MP 
**IRC LR251 2-01 -OR050-G 


Figure 10. 5V Input Voltage, 3.3V, 2A Regulator 


V|N 

5.2 V TO 14V 



*COILTRONICS CTX50-4 Kool Mji 
**KRL SP-1/2-A1-OR100 


Figure 11 . 5V, 1A Output High Efficiency Regulator 
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TECHNOLOGY High Efficiency Synchronous 
Step-Down Switching Regulators 


F€flTUR€S 


DCSCRIPTIOn 


■ Ultra-High Efficiency: Over 95% Possible 

■ Current-Mode Operation for Excellent Line and Load 
Transient Response 

■ High Efficiency Maintained Over Three Decades of 
Output Current 

■ Low 160pA Standby Current at Light Loads 

■ Logic Controlled Micropower Shutdown: Iq < 20pA 

■ Wide Vin Range: 3.5V* to 20V 

■ Short-Circuit Protection 

■ Very Low Dropout Operation: 100% Duty Cycle 

■ Synchronous FET Switching for High Efficiency 

■ Adaptive Non-Overlap Gate Drives 

■ Output Can be Externally Held High in Shutdown 

■ Available in 14-Pin Narrow SO Package 

nppucOTions 

■ Notebook and Palmtop Computers 

■ Portable Instruments 

■ Battery-Operated Digital Devices 

■ Cellular Telephones 

■ DC Power Distribution Systems 

■ GPS Systems 


The LTC1 1 48 series is a family of synchronous step-down 
switching regulator controllers featuring automatic Burst 
Mode™ operation to maintain high efficiencies at low 
output currents. These devices drive external complemen- 
tary power MOSFETs at switching frequencies up to 250kHz 
using a constant off-time current-mode architecture pro- 
viding constant ripple current in the inductor. 

The operating current level is user-programmable via an 
external current sense resistor. Wide input supply range 
allows operation from 3.5V* to 18V (20V maximum). 
Constant off-time architecture provides low dropout regu- 
lation limited by only the Rds(on) of the external MOSFET 
and resistance of the inductor and current sense resistor. 

The LTC1148 series combines synchronous switching for 
maximum efficiency at high currents with an automatic low 
current operating mode, called Burst Modeoperation which 
reduces switching losses. Standby power is reduced to only 
2mW at Vin = 1 0V (at Iout = 0)- Load currents in Burst Mode 
operation are typically 0mA to 300mA. 

For operation up to 48V input, see the LTC1149 and 
LTC1 159 data sheest and Application Note 54. 



Burst Mode is a trademark of Linear Technology Corporation. 
* LTC1148L-3.3 only. 
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V|N (5.2V TO 18V) 



LTC1148-5 Efficiency 



LOAD CURRENT (A) 


Figure 1. High Efficiency Step-Down Converter 
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PRCKRGE/ORDER MFORfflATIOR 


Input Supply Voltage (Pin 3) 

LTC1 148 Series 16V to -0.3V 

LTC1148HV Series 20V to -0.3V 

Continuous Output Current (Pins 1,14) 50mA 

Sense Voltages (Pins 7, 8) 

LTC1148HV (Adjustable only) 13V to -0.3V 

All Others 10V to -0.3V 

Operating Ambient Temperature Range 0°C to 70°C 

Extended Commercial 

Temperature Range -40°C to 85°C 

Junction Temperature (Note 1) 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


P-DRIVE [7 



TT| n-drive 

NC [T 


13] NC 

Vin GE 


D P-GND 

c T E 


Tj] S-GND 

INTVcc E 


To] SHUTDOWN 

>TH E 


2 Vfb* 

SENSE" [7 


1] SENSE* 

N PACKAGE S PACKAGE 


14-LEAD PLASTIC DIP 14-LEAD PLASTIC SOIC 
"FIXED OUTPUT VERSIONS = NC 


Tjmax = 1 25°C, 0ja = 70°C/ W (N) 
Tjmax= 125"C, e JA = 110-c/w (S) 


ORDER PART 
NUMBER 


LTC1148CN 

LTC1148HVCN 

LTC1148CN-3.3 

LTC1148HVCN-3.3 

LTC1 148CN-5 

LTC1148HVCN-5 

LTC1148CS 

LTC1148HVCS 

LTG1 1 48CS-3.3 

LTC1 1 48LCS-3.3 

LTC1 1 48HVCS-3.3 

LTC1148CS-5 

LTC1148HVCS-5 


Consult factory for Industrial and Military grade parts. 


€l€CTRICRl CHARACTERISTICS Ta = 25°C, % = 10V, Vshutdown = ov unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vg 

Feedback Voltage (LTC1148, LTC1148HV) 

V,n = 9V 

• 

1.21 

1.25 

1.29 

V 

•9 

Feedback Current (LTC1148, LTC1148HV) 


• 


0.2 

1 

mA 

VoUT 

Regulated Output Voltage 

V,n = 9V 







LTC1 1 48-3.3, LTC1148HV-3.3 

'load = 700mA 

• 

3.23 

3.33 

3.43 

V 


LTC1 148-5, LTC1 148HV-5 

•load = 700mA 

• 

4.90 

5.05 

5.20 

V 

aVout 

Output Voltage Line Regulation 

Vin = 7V to 12V, I LO ad = 50mA 


-40 

0 

40 

mV 


Output Voltage Load Regulation 








LTC1 148-3.3, LTC1 1 48HV-3.3 

5mA < Iload < 2A 

• 


40 

65 

mV 


LTC1 148-5, LTC1148HV-5 

5mA < Iload < 2A 

• 


60 

100 

mV 


Output Ripple (Burst Mode™) 

•load = 0A 


50 

mVp.p 

Iq 

Input DC Supply Current (Note 2) 

(Note 6) 







LTC1148 Series 








Normal Mode 

4V < Vim < 1 2V 



1.6 

2.1 

mA 


Sleep Mode 

4V < V| N < 1 2V 



160 

230 

MA 


Sleep Mode (LTC1 148-5) 

6V < V|m < 1 2V 



160 

230 

pA 


Shutdown 

LTC1148HV Series 

Vshutdown = 2.1V, 4 V < Vin < 12V 



10 

20 

pA 


Normal Mode 

4V < Vjm < 18V 



1.6 

2.3 

mA 


Sleep Mode 

4V < Vin < 18V 



160 

250 

pA 


Sleep Mode (LTC1148HV-5) 

6V < V|n < 18V 



160 

250 

pA 


Shutdown 

Vshutdown = 2.1V, 4V < Vin < 18V 



10 

22 

pA 

V 8 -V 7 

Current Sense Threshold Voltage 








LTC1148, LTC1148HV 

Vsense" = 5V, V 9 = Vout/4 + 25mV (Forced) 



25 


mV 



Vsense" = 5V, V 9 = Vout/4 - 25mV (Forced) 

• 

130 

150 

170 

mV 


LTC1 148-3.3, LTC1148HV-3.3 

Vsense” = Vout + 100mV (Forced) 



25 


mV 



Vsense" = Vout - 100mV (Forced) 

• 

130 

150 

170 

mV 


LTC1 148-5, LTC1148HV-5 

Vsense" = Vout + 100mV (Forced) 



25 


mV 



Vsense" = Vout~ 100mV (Forced) 

• 

130 

150 

170 

mV 
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ELECTRICAL CHARACTERISTICS Ta = 25°C, V| N = 10V, Vshutdown = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vio 

Shutdown Pin Threshold 



0.6 

0.8 

2 

V 

ho 

Shutdown Pin Input Current 

0V < Vshutdown < 8V, Vin = 1 6V 



1.2 

5 

pA 

>4 

Cj Pin Discharge Current 

Vout in Regulation, Vsense" = Vout 


50 

70 

90 

mA 



V OU T = 0V 



2 

10 

pA 

tOFF 

Off-Time (Note 4) 

Cj = 390pF, Iload = 700mA 

• 

4 

5 

6 

ps 

tR, t F 

Driver Output Transition Times 

C L = 3000pF (Pins 1,14), V iN = 6V 



100 

200 

ns 


ELECTRICAL CHARACTERISTICS -40°C < Ta < 85°C (Note 4), V| N = 10V, unless otherwise noted. 


v 9 

Feedback Voltage (LTC1148, LTC1148HV) 

1 V| N = 9V | 

1.20 

1.25 

1.30 

V 

AVouT 

Regulated Output Voltage 

V, N = 9V 







LTC1 148-3.3, LTC1148HV-3.3 

Iload = 700mA 


3.17 

3.33 

3.4 

V 


LTC1 148-5, LTC1 148HV-5 

Iload = 700mA 


4.85 

5.05 

5.2 

V 

Iq 

Input DC Supply Current (Note 2) 

(Note 6) 







LTC1148 Series 








Normal Mode 

4V < V, N < 12V 



1.6 

2.4 

mA 


Sleep Mode 

4V< V| N < 12V 



160 

260 

pA 


Sleep Mode 

6V < V||\| < 12V 



160 

260 

mA 


Shutdown 

LTC1148HV Series 

Vshutdown = 2.1V, 4V < Vin < 12V 



10 

22 

pA 


Normal Mode 

4V< Vim < 18V 



1.6 

2.6 

mA 


Sleep Mode 

4V < Vjm < 1 8V 



160 

280 

pA 


Sleep Mode 

6V< V )N < 18V 



160 

280 

pA 


Shutdown 

Vshutdown = 2.1V, 4V < Vim < 18V 



10 

24 

mA 

V 8 -V 7 

Current Sense Threshold Voltage 

LTC1148, LTC1148HV (Note 3) 

Vsense" = 5V, V 9 = V 0UT /4 - 25mV (Forced) 



25 


mV 



Vsense" = 5V, V 9 = V 0UT /4 + 25mV (Forced) 


125 

150 

175 

mV 


LTC1 148-3.3, LTC1148HV-3.3 

Vsense" = Vout + 100mV (Forced) 

1 


25 


mV 



Vsense" = Vout - 1 0OmV (Forced) 


125 

150 

175 

mV 


LTC1 148-5, LTC1148HV-5 

Vsense" = Vout + 100mV (Forced) 



25 


mV 



Vsense" = Vout - 1 OOmV (Forced) 


125 

150 

175 

mV 

Vio 

Shutdown Pin Threshold 


! 

0.55 

0.8 

2 

V 

tOFF 

Off-Time (Note 4) 

Cj = 390pF, Iload = 700mA 


3.8 

5 

6 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation P D according to the following formulas: 

LTC1148CN, LTC1148CN-3.3, LTC1148CN-5: Tj = T A + (P D x 70°C/W) 
LTC1148CS, LTC1148CS-3.3, LTC1148CS-5: Tj = T A + (P D x 110°C/W) 
Note 2: Dynamic supply current is higher due to the gate charge being 
delivered at the switching frequency. See Applications Information. 


Note 3: The LTC1 148 and LTC1148HV versions are tested with external 
feedback resistors resulting in a nominal output voltage of 5 V. 

Note 4: In applications where Rsense is placed at ground potential, the off- 
time increases approximately 40%. 

Note 5: The LTC1148 and LTC1148HV series are not tested and not quality 
assurance sampled at-40°C and 85°C. These specifications are 
guaranteed by design and/or correlation. 

Note 6: The LTC1148L-3.3 allows operation to V iN = 3.5 V. 
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Pin 1 (P-Channel Drive): High current drive for top 
P-channel MOSFET. Voltage swing at this pin is from Vin 
to ground. 

Pin 2 (NC): No connection. Can connectto power ground. 

Pin 3 (Vin): Main supply pin. Must be closely decoupled to 
power ground pin 12. 

Pin 4 (Cx): External capacitor Cy from pin 4 to ground sets 
the operating frequency. The actual frequency is also 
dependent upon the input voltage. 

Pin 5 (Int Vcc): Internal supply voltage, nominally 3.3V. 
Can be decoupled to signal ground. Do not externally load 
this pin. 

Pin 6 (Ijh): Gain amplifier decoupling point. The current 
comparator threshold increases with the pin 6 voltage. 

Pin 7 (Sense - ): Connects to internal resistive divider 
which sets the output voltage in LTC1 148-3.3 and 
LTC1 148-5 versions. Pin 7 is also the (-) input for the 
current comparator. 

Pin 8 (Sense + ): The (+) input to the current comparator. 
A built in offset between pins 7 and 8 in conjunction with 
Rsense sets the current trip threshold. 


Pin 9 (V ra ): For the LTC1148 adjustable version, pin 9 
serves as the feedback pin from an external resistive 
divider used to set the output voltage. On LTC1 148-3.3 
and LTC1 1 48-5 versions this pin is not used. 

Pin 10 (Shutdown): When grounded, the LTC1 148 series 
operates normally. Pulling pin 1 0 high holds both MOSFETs 
off and puts the LTC1 1 48 series in micropower shutdown 
mode. Requires CMOS logic signal with Ir, t F < Ips, 
should not be left floating 

Pin 11 (S-Ground): Small signal ground. Must be routed 
separately from other grounds to the (-)terminal of Cout- 

Pin 12 (P-Ground): Driver power ground. Connects to 
source of N-channel MOSFET and the (-) terminal of Cin. 

Pin 13 (NC): No connection. Can connectto powerground. 

Pin 14 (N-Channel Drive): High current drive for bottom 
N-channel MOSFET. Voltage swing at pin 14 is from 
ground to Vuj. 


OPCIMTIOn 

The LTC1148 series uses a current mode, constant off- 
time architecture to synchronously switch an external pair 
of complementary power MOSFETs. Operating frequency 
is set by an external capacitor at the timing cap pin 4. 

The output voltage is sensed by an internal voltage 
divider connected to Sense - pin 7 (LTC1 148-3.3 and 
LTC1 148-5) or external divider returned to V FB pin 9 
(LTC1 148). A voltage comparator V, and a gain block G, 
compare the divided output voltage with a reference 
voltage of 1.25V. To optimize efficiency, the LTC1148 
series automatically switches between two modes of 
operation, burst and continuous. The voltage compara- 
tor is the primary control element when the device is in 
Burst Mode operation, while the gain block controls the 
output voltage in continuous mode. 

During the switch “ON” cycle in continuous mode, current 
comparator C monitors the voltage between pins 7 and 8 


connected across an external shunt in series with the 
inductor. When the voltage across the shunt reaches its 
threshold value, the P-drive output is switched to Vim, 
turning off the P-channel MOSFET. The timing capacitor 
connected to pin 4 is now allowed to discharge at a rate 
determined by the off-time controller. The discharge cur- 
rent is made proportional to the output voltage (measured 
by pin 7) to model the inductor current, which decays at a 
rate which is also proportional to the output voltage. While 
the timing capacitor is discharging, the N-drive output 
goes to Vin, turning on the N-channel MOSFET. 

When the voltage on the timing capacitor has discharged 
past Vjhi, comparator T trips, setting the flip-flop. This 
causes the N-drive output to go low (turning off the N- 
channel MOSFET) and the P-drive output to also go low 
(turning the P-channel MOSFET back on). The cycle 
then repeats. 
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As the load current increases, the output voltage de- 
creases slightly. This causes the output of the gain stage 
(pin 6) to increase the current comparatorthreshold, thus 
tracking the load current. 

The sequence of events for Burst Mode operation is very 
similar to continuous operation with the cycle interrupted 
by the voltage comparator. When the output voltage is at 
orabovethedesired regulated value, the P-channel MOSFET 
is held off by comparator V and the timing capacitor 
continues to discharge below Vjhi. When the timing 
capacitor discharges pas t Vjh 2 . voltage comparator S 
trips, causing the internal sleep line to go low and the N- 
channel MOSFET to turn off. 

The circuit now enters sleep mode with both power 
MOSFETs turned off. In sleep mode, a majority of the 
circuitry is turned off, dropping the quiescent current 
from 1.6mA to 160pA. The load current is now being 
supplied from the output capacitor. When the output 
voltage has dropped by the amount of hysteresis in 
comparator V, the P-channel MOSFET is again turned on 
and the process repeats. 


To avoid the operation of the current loop interfering with 
Burst Mode operation, a built-in offset (Vos) is incorpo- 
rated in the gain stage. This prevents the current compara- 
tor threshold from increasing until the output voltage has 
dropped below a minimum threshold. 

To prevent both the external MOSFETs from ever being 
turned on at the same time, feedback is incorporated to 
sense the state of the driver output pins. Before the 
l\l-drive output can go high, the P-drive output must also 
be high. Likewise, the P-drive output is prevented from 
going low while the N-drive output is high. 

Using constant off-time architecture, the operating fre- 
quency is a function of the input voltage. To minimize the 
frequency variation as dropout is approached, the off-time 
controller increases the discharge current as Vin drops 
below Vout + 1 -5V. In dropout the P-channel MOSFET is 
turned on continuously (100% duty cycle), providing 
extremely low dropout operation. 


Funcuonni dirgrrai Pin 9 connection shown for LTC1148-3.3 and LTC1148-5; changes create LTC1148. 
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The basic LTC1148 series application circuit (fixed 
output versions) is shown in Figure 1 . External compo- 
nent selection is driven by the load requirement, and 
begins with the selection of Rsense- Once Rsense is 
known, Cj and L can be chosen. Next, the power 
MOSFETs and D1 are selected. Finally, Cin and CouT are 
selected and the loop is compensated. The circuit 
shown in Figure 1 can be configured for operation up to 
an input voltage of 20V. If the application requires 
higher input voltage, then the LTC1149 or LTC1159 
should be used. 

Rsense Selection for Output Current 

Rsense is chosen based on the required output current. 
The LTC1 148 series current comparator has a threshold 
range which extends from a minimum of 25itiV/Rsense to 
a maximum of 150itiV/Rsense- The current comparator 
threshold sets the peak of the inductor ripple current, 
yielding a maximum output current Imax equal to the peak 
value less half the peak-to-peak ripple current. For proper 
Burst Mode operation, Iripple(P-P) must be less than or 
equal to the minimum current comparator threshold. 


Since efficiency generally increases with ripple current, 
the maximum allowable ripple current is assumed, i.e., 
Iripple(P-p) = 25mV/RsENSE (See Cyand L Selection for 
Operating Frequency). Solving for Rsense and allowing 
a margin for variations in the LTC1148 series and 
external component values yields: 


r sense = 


lOOmV 

■max 


A graph for selecting Rsense versus maximum output 
current is given in Figure 2. 

The load current below which Burst Mode operation 
commences, Iburst. and the peak short-circuit current, 
■sc(PK). both track Imax- Once Rsense has been chosen, 
■burst and Isc(PK) can be predicted from the following: 


■burst” 


15mV 

r sense 


■sC(PK) = 


150mV 

Rsense 
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MAXIMUM OUTPUT CURRENT (A) 


Figure 2. Selecting R S ense 

The LTC1148 series automatically extends toFF during a 
short circuit to allow sufficient time for the inductor 
current to decay between switch cycles. The resulting 
ripple current causes the average short-circuit current 
I sc(AVG) t0 be reduced to approximately Imax- 

L and Ct Selection for Operating Frequency 

The LTC1 148 series uses a constant off-time architecture 
with toFF determined by an external timing capacitor Cj. 
Each time the P-channel MOSFET switch turns on, the 
voltage on Ct is reset to approximately 3.3V. During the 
off-time, Cj is discharged by a current which is propor- 
tional to Vout- The voltage on Ct is analogous to the 
current in inductor L, which likewise decays at a rate 
proportional to Vout- Thus the inductor value must track 
the timing capacitor value. 

The value of Ct is calculated from the desired continuous 
mode operating frequency, f: 

C 1 

T 2.6x 10 4 xf 

Assumes Vin = 2Vout, Figure 1 circuit. 

A graph for selecting Ct versus frequency including the 
effects of input voltage is given in Figure 3. 

As the operating frequency is increased the gate charge 
losses will be higher, reducing efficiency (see Efficiency 
Considerations). The complete expression for operating 
frequency of the circuit in Figure 1 is given by: 



0 100 200 300 

FREQUENCY (kHz) 

LTC1148-F03 

Figure 3. Timing Capacitor Value 


f = 


J_ [i _ v out \ 

l OFF \ V| N ) 


where: 


toFF-UxWxCTxj^m) 

Vreg is the desired output voltage (i.e., 5V, 3.3V). Vout is 
the measured output voltage. Thus Vreg/Vout = 1 in 
regulation. 

Note that as Vin decreases, the frequency decreases. 
When the input to output voltage differential drops 
below 1.5V, the LTC1148 series reduces toFF by in- 
creasing the discharge current in Ct. This prevents 
audible operation prior to dropout. 

Once the frequency has been set by Ct, the inductor L 
must be chosen to provide no more than 25itiV/Rsense 
of peak-to-peak inductor ripple current. This results in 
a minimum required inductor value of: 

Lmin = 5.1 x 1 0 5 x Rsense x C T x Vreg 

As the inductor value is increased from the minimum 
value, the ESR requirements for the output capacitor 
are eased at the expense of efficiency. If too small an 
inductor is used, the inductorcurrent will decrease past 
zero and change polarity. A consequence of this is that 
the LTC1148 series may not enter Burst Mode operation 
and efficiency will be severely degraded at low currents. 
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Inductor Core Selection 

Once the minimum value for L is known, the type of 
inductor must be selected. The highest efficiency will be 
obtained using ferrite, Kool Mg® on molypermalloy (MPP) 
cores. Lower cost powdered iron cores provide suitable 
performance but cut efficiency by 3% to 7%. Actual core 
loss is independent of core size for a fixed inductor value, 
but it is very dependent on inductance selected. As induc- 
tance increases, core losses go down. Unfortunately, 
increased inductance requires more turns of wire and 
therefore copper losses increase. 

Ferrite designs have very low core loss, so design goals 
can concentrate on copper loss and preventing saturation. 
Ferrite core material saturates “hard,” which means that 
inductance collapses abruptly when the peak design cur- 
rent is exceeded. This results in an abrupt increase in 
inductor ripple current and consequent output voltage 
ripple which can cause Burst Mode operation to be falsely 
triggered. Do not allow the core to saturate! 

Kool Mu (from Magnetics, Inc.) is a very good, low loss 
core material for toroids, with a “soft” saturation charac- 
teristic. Molypermalloy is slightly more efficient at high 
(>200kHz) switching frequencies, but quite a bit more 
expensive. Toroids are very space efficient, especially 
when you can use several layers of wire. Because they 
generally lack a bobbin, mounting is more difficult. How- 
ever, new designs for surface mount are available from 
Coiltronics and Beckman Industrial Corp. which do not 
increase the height significantly. 

Power MOSFET and D1 Selection 

Two external power MOSFETs must be selected for use 
with the LTC1148 series: a P-channel MOSFET for the 
main switch, and an N-channel MOSFET for the synchro- 
nous switch. The main selection criteria for the power 
MOSFET s are the threshold voltage Vgs(th) and on resis- 
tance Rds(on)- 

The minimum input voltage determines whether standard 
threshold or logic-level threshold MOSFETs must be used. 
For V|n > 8 V, standard threshold MOSFETs (Vqs(TH) < 4V) 
may be used. If Vin is expected to drop below 8 V, logic- 


Kool Mpiis a registered trademark of Magnetics, Inc. 


level threshold MOSFETs (Vgs(th) < 2.5V) are strongly 
recommended. The LTC1 148/LTC1 148HV series supply 
voltage must always be less than the absolute maximum 
Vgs ratings for the MOSFETs. 

The maximum output current Imax determines the Rds(on) 
requirement for the two MOSFETs. When the LTC1148 
series is operating in continuous mode, the simplifying 
assumption can be made that one of the two MOSFETs is 
always conducting the average load current. The duty 
cycles for the two MOSFETs are given by: 


P-Ch Duty Cycle = 


Voui 

V IN 


N-Ch Duty Cycle = ( V|N ~ V ° ut) 

“IN 

From the duty cycles the required Rds(ON) for each MOS- 
FET can be derived: 


P-Ch Rds(ON) = 


V IN X p p 

v out x !max 2 x (1 + Sp) 


N-Ch Rqs(on) = 


V IN xP N 

( V IN - v out) x !max 2 x 0 + 8m) 


where Pp and Ppj are the allowable power dissipations and 
dp and dw are the temperature dependencies of Rds(ON)- 
Pp and Pm will be determined by efficiency and/or thermal 
requirements (see Efficiency Considerations). (1 + d) is 
generally given for a MOSFET in the form of a normalized 
Rds(on) vs temperature curve, but d = 0.007/°C can be 
used as an approximation for low voltage MOSFETs. 

The Schottky diode D1 shown in Figure 1 only conducts 
during the dead-time between the conduction of the two 
power MOSFETs. D1 ’s sole purpose in life is to prevent the 
body diode of the l\l-channel MOSFET from turning on and 
storing charge during the dead-time, which could cost as 
much as 1% in efficiency (although there are no other 
harmful effects if D1 is omitted). Therefore, D1 should be 
selected for a forward voltage of less than 0.7V when 
conducting Imax- 


Cin and Cout Selection 

In continuous mode, the source of the P-channel MOSFET 
is a square wave of duty cycle MoujNm- To prevent large 
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voltage transients, a low ESR input capacitor sized for the 
maximum RMS current must be used. The maximum 
RMS capacitor current is given by: 

C| N Required l RMS .|»,„ 1V ^l''iNj0UT)) t « 

This formula has a maximum at V| N = 2Vqut, where 
Irms = Iout/2. This simple worst case condition is com- 
monly used for design because even significant devia- 
tions do not offer much relief. Note that capacitor 
manufacturer’s ripple current ratings are often based on 
only 2000 hours of life. This makes it advisable to further 
derate the capacitor, or to choose a capacitor rated at a 
higher temperature than required. Always consult the 
manufacturer if there is any question. An additional 0.1 pf 
to IpF ceramic capacitor is also required on Vin pin 3 for 
high frequency decoupling. 

The selection of Cout is driven by the required effective 
series resistance (ESR). The ESR of Cout must be less 
than twice the value of R sense for proper operation of the 
LTC1 148 series: 

Cout Required ESR < 2R SE nse 

Optimum efficiency is obtained by making the ESR equal 
to Rsense- As the ESR is increased up to 2Rsense. the 
efficiency degrades by less than 1 %. If the ESR is greater 
than 2 R$ense i the voltage ripple on the output capacitor 
will prematurely trigger Burst Modeoperation, resulting in 
disruption of continuous mode and an efficiency hit which 
can be several percent. 

Manufacturers such as Nichicon and United Chemicon 
should be considered for high performance capacitors. 
The OS-CON semiconductor dielectric capacitor available 
from Sanyo has the lowest ESR/size ratio of any aluminum 
electrolytic at a somewhat higher price. Once the ESR 
requirement for Cout das been met, the RMS current 
rating generally far exceeds the Iripple(p-p) requirement. 

In surface mount applications multiple capacitors may 
have to be paralleled to meet the capacitance, ESR, or 
RMS current handling requirements of the application. 
Aluminum electrolytic and dry tantalum capacitors are 
both available in surface mount configurations. In the 
case of tantalum, it is critical that the capacitors are surge 


tested for use in switching power supplies. An excellent 
choice is the AVXTPS series of surface mount tantalums, 
available in case heights ranging from 2mm to 4mm. For 
example, if 200pF/10V is called for in an application 
requiring 3mm height, two AVX lOOpF/IOV (P/N TPSD 
107K010) could be used. Consult the manufacturer for 
other specific recommendations. 

At low supply voltages, a minimum capacitance at Cout 
is needed to prevent an abnormal low frequency oper- 
ating mode (see Figure 4). When Cout is made too 
small, the output ripple at low frequencies will be large 
enough to trip the voltage comparator. This causes 
Burst Mode operation to be activated when the LTC1 1 48 
series would normally be in continuous operation. The 
effect is most pronounced with low values of Rsense 
andean be improved by operating at higherfrequencies 
with lower values of L. The output remains in regulation 
at all times. 



(V|M ~ Vqut) VOLTAGE (V) 

LTC114B-F04 

Figure 4. Minimum Value of Cout 

Checking Transient Response 

The regulator loop response can be checked by looking 
at the load transient response. Switching regulators take 
several cycles to respond to a step in DC (resistive) load 
current. When a load step occurs, Vout shifts by an 
amount equal to aIload x ESR, where ESR is the 
effective series resistance of Cout- AIload also begins to 
charge or discharge Cout until the regulator loop adapts 
to the current change and returns Vout to its steady state 
value. During this recovery time Vout can be monitored 
for overshoot or ringing which would indicate a stability 
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problem. The pin 6 external components shown in the 
Figure 1 circuit will prove adequate compensation for 
most applications. 

A second, more severe transient is caused by switching in 
loads with large (>1pF) supply bypass capacitors. The 
discharged bypass capacitors are effectively putin parallel 
with Cout, causing a rapid drop in Vout- No regulator can 
deliver enough current to prevent this problem if the load 
switch resistance is low and it is driven quickly. The only 
solution is to limit the rise time of the switch drive so that 
the load rise time is limited to approximately 25 x Cload- 
Thus a lOpF capacitor would require a 250ps rise time, 
limiting the charging current to about 200mA. 

Efficiency Considerations 

The percent efficiency of a switching regulator is equal to 
the output power divided by the input power times 1 00%. 
It is often useful to analyze individual losses to determine 
what is limiting the efficiency and which change would 
produce the most improvement. Percent efficiency can be 
expressed as: 

%Efficiency = 100% - (LI + L2 + L3 + ...) 

where LI, L2, etc., are the individual losses as a percent- 
age of input power. (For high efficiency circuits only small 
errors are incurred by expressing losses as a percentage 
of output power). 

Although all dissipative elements in the circuit produce 
losses, three main sources usually account for most of the 
losses in LTC1148 series circuits: 1) LTC1148 DC bias 
current, 2) MOSFET gate charge current, and 3) l 2 R 
losses. 

1. The DC supply current is the current which flows into 
Vim pin 3 less the gate charge current. For V| N = 1 0V the 
LTC1148 DC supply current is 160pAfor no load, and 
increases proportionally with load up to a constant 
1.6mA after the LTC1148 series has entered continu- 
ous mode. Because the DC bias current is drawn from 
Vin, the resulting loss increases with input voltage. For 
Vifj = 10V the DC bias losses are generally less than 1 % 
for load currents over 30mA. However, at very low load 
currents the DC bias current accounts for nearly all of 
the loss. 


2. MOSFET gate charge current results from switching the 
gate capacitance of the power MOSFETs. Each time a 
MOSFET gate is switched from low to high to low again, 
a packet of charge dQ moves from to ground. The 
resulting dQ/dt is a current out of Vin which is typically 
much larger than the DC supply current. In continuous 
mode, Igatechg = f (Qpj + Qp). The typical gate charge 
for a 0.1 N-channel power MOSFET is 25nC, and for 
a P-channel about twice that value. This results in 
Igatechg = 7.5mA in 1 00kHz continuous operation, for 
a 2% to 3% typical mid-current loss with Vin = 10V. 

Note that the gate charge loss increases directly with 
both input voltage and operating frequency. This is the 
principal reason why the highest efficiency circuits 
operate at moderate frequencies. Furthermore, it ar- 
gues against using larger MOSFETs than necessary to 
control l 2 R losses, since overkill can cost efficiency as 
well as money! 

3. 1 2 R losses are easily predicted from the DC resistances 
of the MOSFET, inductor, and current shunt. In continu- 
ous mode the average output current flows through L 
and Rsense. but is “chopped” between the P-channel 
and N-channel MOSFETs. If the two MOSFETs have 
approximately the same Rds(on). then the resistance of 
one MOSFET can simply be summed with the resis- 
tances of L and Rsense to obtain l 2 R losses. For 
example, if each Rds(ON) = 0.1 n, r l = 0.1 5£2, and 
Rsense = 0.05L2, then the total resistance is 0.3L2. This 
results in losses ranging from 3% to 1 2% as the output 
current increases from 0.5Ato 2A. I 2 R losses cause the 
efficiency to roll-off at high output currents. 

Figure 5 shows how the efficiency losses in a typical 
LTC1148 series regulator end up being apportioned. 
The gate charge loss is responsible for the majority of 
the efficiency lost in the mid-current region. If Burst 
Mode operation was not employed at low currents, the 
gate charge loss alone would cause efficiency to drop to 
unacceptable levels. With Burst Mode operation, the 
DC supply current represents the lone (and unavoid- 
able) loss component which continues to become a 
higher percentage as output current is reduced. As 
expected, the l 2 R losses dominate at high load currents. 
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Other losses including Cin and Cout ESR dissipative 
losses, MOSFET switching losses, Schottky conduction 
losses during dead-time, and inductor core losses, gener- 
ally account for less than 2% total additional loss. 

Design Example 

As a design example, assume Vim = 12V (nominal), 
Vout = 5V, Imax = 2A, and f = 200kHz; Rsense> Ct and L 
can immediately be calculated: 

Rsense = 100mV/2 = 0.05ii 

t 0 FF = (1/200kHz) x [1 - (5/12)] = 2.92ps 

C T = 2.92ns/(1.3x10 4 ) = 220pF 

Lmin = 5.1 x 10 5 x 0.050 x 220pF x 5 V = 28pH 

Assume that the MOSFET dissipations are to be limited to 
P N = P P = 250mW. 

If Ta = 50°C and the thermal resistance of each MOSFET 
is 50°C/W, then the junction temperatures will be 63°C 
and §p = §n = 0.007(63-25) = 0.27. The required Rds(ON) 
for each MOSFET can now be calculated: 


Si9410DY. Note that the most stringent requirement for 
the N-channel MOSFET is with Vout = 0 (i.e., short circuit). 
During a continuous short circuit, the worst case 
N-channel dissipation rises to: 

Pn = ISC(AVG) 2 x Rds(on) x(1 + §n) 

With the 0.05H sense resistor Isc(AVG) = 2A will result, 
increasing the 0.085Q N-channel dissipation to 450mW at 
a die temperature of 73°C. 

C|n will require an RMS current rating of at least 1A at 
temperature, and Cout will require an ESR of 0.050 for 
optimum efficiency. 

Now allow Vim to drop to its minimum value. At lower input 
voltages the operating frequency will decrease and the 
P-channel will be conducting most of the time, causing its 
power dissipation to increase. At Vim(min) = 

f M | N = (1/2.92ps)[1 - (5V/7V)] = 98kHz 
pp= 5V(0.12y ( 1 : 27) =435mw 

This last step is necessary to assure that the power 
dissipation and junction temperature of the P-channel are 
not exceeded. 

LTC1148 Adjustable Applications 

When an output voltage other than 3.3V or 5 V is required, 
the LTC1148 adjustable version is used with an external 
resistive divider from Vout to Vfb pin 9 (see Figure 9). The 
regulated voltage is determined by: 

V 0UT = l.25(l + 

To prevent stray pickup a lOOpF capacitor is suggested 
across R1 located close to the LTC1 1 48. 


P-Ch Rds(ON) = 


12(0.25) 
5(2)2 (1.27) 


0.1 2Q 


N-Ch Rqs(ON) = 


12(0.25) 
7(2)2 (1.27) 


0.085Q 


The P-channel requirement can be met by a Si9430DY, 
while the N-channel requirement is exceeded by a 


For Figure 1 applications with Vout below 2 V, or when 
Rsense is moved to ground, the current sense comparator 
inputs operate near ground. When the current comparator 
is operated at less than 2 V common mode, the off-time 
increases approximately 40%, requiring the use of a 
smaller timing capacitor Cj. 
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Auxiliary Windings - Suppressing Burst Mode 
Operation 

The LTC1 148 synchronous switch removes the normal 
limitation that power must be drawn from the inductor 
primary winding in orderto extract powerfrom auxiliary 
windings. With synchronous switching, auxiliary out- 
puts may be loaded without regard to the primary 
output load, providing that the loop remains in continu- 
ous mode operation. 

Burst Mode operation can be suppressed at low output 
currents with a simple external network which cancels the 
25mV minimum current comparator threshold. This tech- 
nique is also useful for eliminating audible noise from 
certain types of inductors in high current (Iqut > 5A) 
applications when they are lightly loaded. 

An external offset is put in series with the Sense - pin to 
subtract from the built-in 25mV offset. An example of this 
technique is shown in Figure 6. Two 100Q resistors are 
inserted in series with the leads from the sense resistor. 

R2 



Figure 6. Suppression of Burst Mode™ Operation 

With the addition of R3, a current is generated through R1 
causing an offset of: 


Voffset = Voutx(^ 3 ) 

If Voffset > 25mV, the minimum threshold will be can- 
celled and Burst Mode operation is prevented from occur- 
ring. Since Voffset is constant, the maximum load current 
is also decreased by the same offset. Thus, to get back to 
the same I max. the value of the sense resistor must be 
lower: 


r sense “ 


75mV 

!max 


To prevent noise spikes from erroneously tripping the 
current comparator, a lOOOpF capacitor is needed across 
pins 7 and 8. 

Output Crowbar 

An added feature to using an N-channel MOSFET as the 
synchronous switch is the ability to crowbar the output 
with the same MOSFET. Pulling the timing cap pin 4 above 
1.5V when the output voltage is greater than the desired 
regulated value will turn “on” the N-channel MOSFET. 

A fault condition which causes the output voltage to go 
above a maximum allowable value can be detected by 
external circuitry. Turning on the N-channel MOSFET 
when this fault is detected will cause large currents to flow 
and blow the system fuse. 

The N-channel MOSFET needs to be sized so it will safely 
handle this over current condition. The typical delay from 
pulling the Cj pin high and the N drive pin 14 going high 
is 250ns. Note: Under shutdown conditions, the N-chan- 
nel is held OFF and pulling the Cj pin high will not cause 
the N-channel MOSFET to crowbar the output. 

A simple N-channel FET can be used as an interface 
between the overvoltage detect circuitry and the LTC1 1 48 
as shown in Figure 7. 


5 

FROM CROWBAR DETECT CIRCUIT ,_J 

(ACTIVE WHEN V GA TE = V| N | VN2222LL 

OFF WHEN Vqate = GROUND) 4 


LTC1148* F07 


IWFVCC 

LTC114S 

Ct 


Figure 7. Output Crowbar Interface 
Troubleshooting Hints 

Since efficiency is critical to LTC1 148 series applications, 
it is very important to verify that the circuit is functioning 
correctly in both continuous and Burst Mode operation. 
The waveform to monitor is the voltage on the timing 
capacitor pin 4. 

In continuous mode (Iload > Iburst) the voltage on the Cj 
pin should be a sawtooth with a 0.9Vp.p swing. This 
voltage should never dip below 2 V as shown in Figure 8a. 

When load currents are low (Iload < Iburst) Burst Mode 
operation should occur with the Cj pin waveform periodi- 
cally falling to ground as shown in Figure 8b. 
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source of the N-channel MOSFET, anode of the 
Schottky diode, and (-) plate of Cin, which should 
have as short lead lengths as possible. 

2. Does the LTC1148 Sense - pin 7 connect to a point 
close to Rsense and the (+) plate of Com? In adjust- 
able applications, the resistive divider R1 , R2 must be 
connected between the (+) plate of Cout and signal 
ground. 

3. Are the Sense - and Sense + leads routed together with 
minimum PC trace spacing? The lOOOpF capacitor 
between pins 7 and 8 should be as close as possible to 
the LTC1148. 

4. Does the (+) plate of Cin connect to the source of the 
P-channel MOSFET as closely as possible?This capaci- 
tor provides the AC current to the P-channel MOSFET. 

5. Is the IpF V|n decoupling capacitor connected closely 
between pin 3 and power ground pin 1 2?This capacitor 
carries the MOSFET driver peak currents. 

6. Is the Shutdown pin 10 actively pulled to ground during 
normal operation? The Shutdown pin is high imped- 
ance and must not be allowed to float. 



Figure 9. LTC1148 Layout Diagram (See Board Layout Checklist) 


nppucflTions inpoRmnnon 



(b) Burst Mode™ OPERATION iiciw-ra 

Figure 8. Cj Waveforms 

If pin 4 is observed falling to ground at high output 
currents, it indicates poor decoupling or improper ground- 
ing. Refer to the Board Layout Checklist. 

Board Layout Checklist 

When laying out the printed circuit board, the following 
checklist should be used to ensure proper operation of the 
LTC1148 series. These items are also illustrated graphi- 
cally in the layout diagram of Figure 9. Check the following 
in your layout: 

1. Are the signal and power grounds segregated? The 
LTC1148 signal ground pin 11 must return to the (-) 
plate of Cout- The power ground returns to the 
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TYPICAL APPLICATION 


V IN 

5.2V TO 18V 



“KRL SP-1/2-A1 -0R100 

Figure 10. 5V/1A High Efficiency Regulator with Extended Input Voltage Range 



V|N 

4V TO 18V 



3 

SI9405DY | I-h 

’ D1 



Si9410DY 



‘COILTRONICS CTX50-4 Kool Mu CORE LTC1148-F11 

“IRC LR201 0-01-R100-G 

Figure 11. High Efficiency 5V to 3.3V/1A Converter with Extended Input Voltage Range 
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typical application 


8VT014V 



Figure 12. High Efficiency Adjustable 3A Regulator 


V|N 

3.5V TO 8V 



**IRC LR2512-01-R050-G 

Figure 13. Low Dropout, 3.3V/2A High Efficiency Regulator 
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typical Applications 


V|N 

WTO 14V 



Figure 16. 4V to 14V Input Voltage to 5V/1A Regulator 



*COILTRONICS CTX50-2-MP 
**KRL SL-1-C1-0R050R 


Figure 17. Logic Selectable 5V/1A or 3.3V/1A High Efficiency Regulator 


4-412 


/TTuneAB 

TECHNOLOGY 







typical nppiicnnons 


LTC1148 
LTC1 148-3. 3/LTC1 148-5 


V|N 

10V TO 18V 



Figure 18. All N-Channel 5V/8A High Efficiency Regulator (Burst Mode™ Operation Suppressed) 




0.1 1 10 
LOAD CURRENT (A) 

LTC1148 • F19 


For additional high efficiency 
application circuits, see Ap- 
plication Note 54 


Figure 19. All N-Channel 5V/8A Efficiency 
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/TLim 

TECHNOLOGY High Efficiency Synchronous 
Step-Down Switching Regulators 


FCRTURCS 

■ Operation to 48V Input Voltage 

■ Ultra High Efficiency: Up to 95% 

■ Current-Mode Operation for Excellent Line and Load 
Transient Response 

■ High Efficiency Maintained Over Wide Current Range 

■ Logic Controlled Micropower Shutdown 

■ Short-Circuit Protection 

■ Very Low Dropout Operation: 1 00% Duty Cycle 

■ Synchronous FET Switching for High Efficiency 

■ Adaptive Non-Overlap Gate Drives 

■ Available in 16-Pin Narrow SO Package 

application 

■ Notebook and Palmtop Computers 

■ Portable Instruments 

■ Battery-Operated Digital Devices 

■ Industrial Power Distribution 

■ Avionics Systems 

■ Telecom Power Supplies 


DCSCRIPTIOfl 

The LTC1 1 49 series is a family of synchronous step-down 
switching regulator controllers featuring automatic Burst 
Mode™ operation to maintain high efficiencies at low 
output currents. These devices drive external complemen- 
tary power MOSFETs at switching frequencies up to 250kHz 
using a constant off-time current-mode architecture. 

Special on-board regulation and level-shift circuitry allow 
operation at input voltages from dropout to 48V (60V 
absolute max). The constant off-time architecture main- 
tains constant ripple current in the inductor, easing the 
design of wide input range converters. Current-mode 
operation provides excellent line and load transient re- 
sponse. The operating current level is user programmable 
via an external current sense resistor. 

The LTC1 1 49 series incorporates automatic power saving 
Burst Mode™ operation when load currents drop below 
the level required forcontinuousoperation. Standby power 
is reduced to only about 8mW at Vin = 12V. In shutdown, 
both MOSFETs are turned off. 


Burst Mode™ is a trademark of Linear Technology Corporation. 


TYPICAL APPUCATIOA 


V|N 


1 3.3|xF 


ft 


0.068jj.F 


0V = NORMAL 
>2V = SHUTDOWN 


__ 3300pF 


-X 


Ct 

470pF 


VlN 


CAP 


P-GATE 


+ | C|N 
~~~ 100M.F 
f P-CHANNEL T 100V 
. IRFR9024 “ 


; p - drive 
LTC1 149-5 

SHUTDOWN 1 SENSE" 
SHUTDOWN 2 

SENSE 

m 

C T N-GATE 

S-GND P.R-GNDS 

i 


T 



Gout 
220nF 


‘COILTRONICS CTX62-2-MP 
**KRL SL-1 -Cl -0R050J 


Figure 1. High Efficiency Step-Down Regulator 
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absolute mnximum ratiags 


Input Supply Voltage (Pin 2) -15V to 60V 

Vqc Output Current (Pin 3) 50mA 

Vqc Input Voltage (Pin 5) 1 6 V 

Continuous Output Current (Pins 4, 13) 50mA 

Sense Voltages (Pins 8, 9) -0.3V to Vqc 

Shutdown Voltages (Pins 10, 15) 7V 

Operating Temperature Range 0°C to 70°C 

Extended Commercial 

Temperature Range -40°C to 85°C 

Junction Temperature (Note 1) 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IDFORmRTIOn 


P-GATE |T 

TOP VIEW 

C7 

16| CAP 

ORDER PART 
NUMBER 

Vin d 


15] SHUTDOWN 2 


Vcc GE 


u\ R-GND 

LTC1149CN 

P-DRIVE |T 


J3| N-GATE 

LTC1 1 49CN-3.3 

Vcc GE 


12] P-GND 

LTC1 149CN-5 

Ct E 


S] S-GND 

LTC1149CS 

ith Cl 


ini VpB 

-^1 (SHUTDOWN 1)* 

LTC1 1 49CS-3.3 

SENSE" |T 


¥] SENSE + 

LTC1149CS-5 

N PACKAGE S PACKAGE 


16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC 


‘FIXED OUTPUT VERSIONS 


Tjmax= 125°C, 6j A = 70°C/W (N) 


Tjmax 

= 125°C,ejA=110°C/W(S) 



Consult factory for Industrial and Military grade parts. 


€l€CTRICRl CHARACTERISTICS T a = 25°C, V jN = 12V, V 10 = 0V (Note 2), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vio 

Feedback Voltage (LTC1 149 Only) 

< 

II 

CD 

< 

• 

1.21 

1.25 

1.29 

V 

ho 

Feedback Current (LTC1149 Only) 


• 

0.2 1 | 

pA 

VoUT 

Regulated Output Voltage 

Vin = 9 V 







LTC1 149-3.3 

■load = 700mA 

• 

3.23 

3.33 

3.43 

V 


LTC1 149-5 

•load = 700mA 

• 

4.9 

5.05 

5.2 

V 

4 Vout 

Output Voltage Line Regulation 

V,jm = 9V to 48V, l L0A D = 50mA 


-40 

0 

40 

mV 


Output Voltage Load Regulation 








LTC1 149-3.3 

5mA < Iload < 2 A 

• 


40 

65 

mV 


LTC1 149-5 

5mA < Iload < 2 A 

• 


60 

100 

mV 


Burst Mode™ Output Ripple 

<c 

0 

11 

o 

<c 

0 


50 

mVp.p 

>2 

Input DC Supply Current (Note 3) 








Normal Mode 

V||\| = 12V 



2.0 

2.8 

mA 



V| N = 48V 



2.2 

3.0 

mA 


Burst Mode™ 

V,N = 12V 



0.6 

0.9 

mA 



Vim = 48V 



0.8 

1.1 

mA 


Shutdown 

V| N = 12V, V 15 = 2V 



135 

170 

pA 



V| N = 48V, V 15 = 2V 



300 

390 

pA 

Vcc 

Internal Regulator Voltage 

V,n = 12V to 48V 

• 

9.75 

10.25 

11 

V 


(Sets MOSFET Gate Drive Levels) 

l 3 = 20mA 






V 2 -V 3 

V C c Dropout Voltage 

Vin = 5V, l 3 = 10mA 



200 

250 

mV 

Vin-V-, 

P-Gate to Source Voltage (Off) 

V, N = 12 V 

• 

- 0.2 

0 


V 



< 

■z. 

11 

00 

< 

• 

- 0.2 

0 


V 
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€l€CTRICRl CHARACTERISTICS T a = 25°C, V| N = 12V, Viq = OV (Note 2), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS j 

MIN 

TYP 

MAX 

UNITS 

Vg- V 8 

Current Sense Threshold Voltage 








LTC1149 

V 8 = 5V, V 10 = 1.32V (Forced) 



25 


mV 



V 8 = Vout - 1 0OmV 

• 

130 

150 

170 

mV 


LTC1 149-3.3 

V 8 = 3.5V (Forced) 



25 


mV 



V 8 = VouT-IOOmV 

• 

130 

150 

170 

mV 


LTC1 149-5 

V 8 = 5.3V (Forced) 



25 


mV 



V8 = V O UT-100mV 

• 

130 

150 

170 

mV 

Vio 

Shutdown 1 Threshold 

LTC1 149-3.3, LTC1 149-5 



0.6 

0.8 

2 

V 

Vis 

Shutdown 2 Threshold 



0.8 

1.4 

2 

V 

1 1 5 

Shutdown 2 Input Current 

Vi 5 = 5V 



18 

25 

pA 

k 

Cj Pin Discharge Current 

Vout In Regulation, Vsense” = Vout 


50 

70 

90 

pA 



Vout = OV 



2 

10 

pA 

toFF 

Off-Time (Note 4) 

Cj = 390pF, Iload = 700mA 

• 

4 

5 

6 

ps 

t r ,tf 

Driver Output Transition Times 

C L = 3000pF (Pins 4, 13), V !N = 6V 



100 

200 

ns 


€l€CTRICRl CHARACTERISTICS -40°C <T A < 85°C (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vio 

Feedback Voltage LTC1149 Only 



1.2 

1.25 

1.3 

V 

Vout 

Regulated Output Voltage 

V,i\i = 9V 







LTC1 149-3.3 

•load = 700mA 


3.17 

3.33 

3.4 

V 


LTC1 149-5 

•load = 700mA 


4.85 

5.05 

5.2 

V 

>2 

Input DC Supply Current (Note 3) 








Normal Mode 

V,n = 12V 



2.0 

3.2 

mA 



V| N = 48V 



2.2 

3.5 

mA 


Burst Mode™ 

V, N = 12V 



0.6 

1.05 

mA 



V| N = 48V 



0.8 

1.30 

mA 


Shutdown 

V| N = 12V, Vi 5 = 2V 



135 

230 

pA 



V|n = 48V, V 15 = 2V 



300 

520 

pA 

Vcc 

Internal Regulator Voltage 

V||\| = 12V to 48V 


9.75 

10.25 

11 

V 


(Sets MOSFET Gate Drive Levels) 

l 3 = 20mA 






V 9 -V 8 

Current Sense Threshold Voltage 

Low Threshold (Forced) 



25 


mV 



High Threshold (Forced) 


125 

150 

175 

mV 

Vis 

Shutdown 2 Threshold 



0.8 

1.4 

2 

V 

tOFF 

Off-Time (Note 4) 

C T = 390pF, I L oad = 700mA, V| N = 1 0V 


3.8 

5 

6 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1 : Tj is calculated from the ambient temperature T A and power 
dissipation P D according to the following formulas: 

LTC1149CN, LTC1 1 49CN-3.3, LTC1149CN-5:Tj = T a + (P d x70 o C/W) 
LTC1149CS, LTC1149CS-3.3, LTC1149CS-5: Tj = T A + (P D x 110°C/W) 
Note 2: Pin 1 0 is a shutdown pin on the LTC1 1 49-3.3 and LTC1 1 49-5 
fixed output voltage versions and must be at ground potential fortesting. 


Note 3: Dynamic supply current is higher due to the gate charge being 
delivered at the switching frequency. The allowable operating frequency 
may be limited by power dissipation at high input voltages. See Typical 
Performance Characteristics and Applications Information. 

Note 4: In applications where Rsense is placed at ground potential, the off- 
time increases approximately 40%. 

Note 5: The LTC1149, LTC1 149-3.3, and LTC1 149-5 are not tested and 
not quality assurance sampled at -40°C and 85°C. These specifications 
are guaranteed by design and/or correlation. 
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SUPPLY CURRENT (mA) EFFICIENCY (%) 


TYPICAL P€RFOftmnnC€ CHARACTERISTICS 


LTC1149 
LTC1 149-3. 3/LTC1 149-5 


Efficiency vs Input Voltage 


Line Regulation 


Load Regulation 


FIGURE 1 CIRCUIT 
•load = ia 

J 1 
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pm Funcnons 

Pin 1 (P-Gate): Level-shifted gate drive signal for top 
P-channel MOSFET. The voltage swing at pin 1 is from Vin 
to V||\|- Vcc- 

Pin 2 (Vin): Main supply input pin. 

Pin 3 (Vcc): Output pin of low dropout 1 0V regulator. Pin 
3 is not protected against DC short circuits. 

Pin 4 (P-Drive): High current gate drive for top P-channel 
MOSFET. The voltage swing at pin 4 is from Vcc to ground. 

Pin 5 (Vcc): Regulated 10V input for driver and control 
supplies. Must be closely decoupled to power ground. 

Pin 6 (Cj): External capacitor Ct from pin 6 to ground sets 
the operating frequency. (The frequency is also dependent 
on the ratio Vout/Vin-) 

Pin 7 (Ith): Gain amplifier decoupling point. The current 
comparator threshold increases with the pin 7 voltage. 

Pin 8 (Sense - ): Connects to internal resistive divider 
which sets the output voltage in LTC1 149-3.3 and 
LTC1 149-5 versions. Pin 8 is also the (-) input for the 
current comparator. 

Pin 9 (Sense + ): The (+) input for the current comparator. 
A built-in offset between pins 8 and 9 in conjunction with 
Rsense sets the current trip threshold. 

Pin 10 (Shutdown 1 or V F b): In fixed output voltage 
versions, pin 10 serves as a shutdown pin for the control 


circuitry only (Vcc is not affected). Taking pin 10 of the 
LTC1 1 49-3.3 or LTC1 1 49-5 high holds both MOSFETs off. 
Must be at ground potential for normal operation. 

For the LTC1 1 49 adjustable version, pin 1 0 serves as the 
feedback pin from an external resistive divider used to set 
the output voltage. 

Pin 11 (Signal Ground): Small signal ground. Must be 
routed separately from other grounds to the (-) terminal 
of Cout- 

Pin 12 (Power Ground): Driver power ground. Con- 
nects to source of N-channel MOSFET and the (-) 
terminal of Cir. 

Pin 13 (N-Gate): High current drive for bottom N- 
channel MOSFET. The voltage swing at pin 13 is from 
ground to Vcc- 

Pin14(Regulator Ground): Lowdropout regulatorground. 
Connects to power ground. 

Pin 15 (Shutdown 2): Master shutdown pin. Taking Pin 1 5 
high shuts down Vcc and all control circuitry; requires a 
logic signal with t r , tf<1ps. 

Pin 16 (Cap): Charge compensation pin. A capacitorfrom 
pin 16 to Vcc provides the charge required by the P-drive 
level-shift capacitor during supply transitions. The pin 16 
capacitor must be larger than the pin 4 capacitor. 


OPCRflTIOn (Refer to Functional Diagram) 

The LTC1 1 49 series uses a current mode, constant off-time 
architecture to synchronously switch an external pair of 
complementary power MOSFETs. Operating frequency is 
set by an external capacitor at the timing cap pin 6. 

The output voltage is sensed either by an internal voltage 
divider connected to Sense - pin 8 (LTC1 149-3.3 and 
LTC1 149-5) or an external divider returned to V FB pin 1 0 
(LTC1 1 49). A voltage comparator V, and a gain block G , 
compare the divided output voltage with a reference 
voltage of 1.25V. To optimize efficiency, the LTC1149 
series automatically switches between two modes of 
operation, burst and continuous. The voltage comparator 
is the primary control element for Burst Mode™ opera- 
tion, while the gain block controls the output voltage in 
continuous mode. 


A low dropout 1 0V regulator provides the operating voltage 
Vcc forthe MOSFET drivers and control circuitry. The driver 
outputs at pins 4 and 13 are referenced to ground, which 
fulfills the N-channel MOSFET gate drive requirement. The 
P-channel gate drive at pin 1 must be referenced to the 
main supply input Vin, which is accomplished by level- 
shifting the pin 4 signal via an internal 500k resistor and 
external capacitor. 

During the switch “ON” cycle in continuous mode, current 
comparator C monitors the voltage between pins 8 and 9 
connected across an external shunt in series with the 
inductor. When the voltage across the shunt reaches its 
threshold value, the P-gate output is switched to Vin, 
turning off the P-channel MOSFET. The timing capacitor 
connected to pin 6 is now allowed to discharge at a rate 
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OPCRRTIOR (Refer to Functional Diagram) 

determined by the off-time controller. The discharge 
current is made proportional to the output voltage (mea- 
sured by pin 8) to model the inductor current, which 
decays at a rate which is also proportional to the output 
voltage. While the timing capacitor is discharging, the 
N-gate output is high, turning on the N-channel MOSFET. 

When the voltage on the timing capacitor has discharged 
past Vjhi, comparator T trips, setting the flip-flop. This 
causes the N-gate outputtogo low (turning off the N-channel 
MOSFET) and the P-gate output to also go low (turning the 
P-channel MOSFET back on). The cycle then repeats. 

As the load current increases, the output voltage de- 
creases slightly. This causes the output of the gain stage 
to increase the current comparatorthreshold, thus track- 
ing the load current. 

The sequence of events for Burst Mode™ operation is very 
similar to continuous operation with the cycle interrupted 
by the voltage comparator. When the output voltage is at 
orabove the desired regulated value, the P-channel MOSFET 
is held off by comparator V and the timing capacitor 
continues to discharge below Vjhi- When the timing 
capacitor discharges past Vjh 2 , voltage comparator S 
trips, causing the internal sleep bar line to go low and the 
N-channel MOSFET to turn off. 


The circuit now enters sleep mode with both power 
MOSFETs turned off. In sleep mode, much of the circuitry 
is turned off, dropping the supply currentfrom several mA 
(with the MOSFETs switching) to 600pA. When the output 
capacitor has discharged by the amount of hysteresis in 
comparator V, the P-channel MOSFET is again turned on 
and this process repeats. To avoid the operation of the 
current loop interfering with Burst Mode™ operation, a 
built-in offset is incorporated in the gain stage. This 
prevents the current comparatorthreshold from increas- 
ing until the output voltage has dropped below a mini- 
mum threshold. 

To prevent both the external MOSFETs from ever being 
turned on at the same time, feedback is incorporated to 
sense the state of the driver output pins. Before the N-gate 
output can go high, the P-drive output must also be high. 
Likewise, the P-drive output is prevented from going low 
when the N-gate output is high. 

Using constant off-time architecture, the operating fre- 
quency is a function of the input voltage. To minimize the 
frequency variation as dropout is approached, the off-time 
controller increases the discharge current as Vin drops 
below Vout + 1.5V. In dropout the P-channel MOSFET is 
turned on continuously. 



Funcuonni dirgrrai Pin 10 connection shown for LTC1149-3.3 and LTC1149-5; changes create LTC1149. 
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T€ST CIRCUIT 



RppucRTions mFORmRTion 

Typical Application Circuit 

The basic LTC1149 series application circuit is shown in 
Figure 1. External component selection is driven by the 
input voltage and output load requirement, and begins 
with the selection of Rsense- Once Rsense is known, Cy 
and L can be chosen. Next, the power MOSFETs and D1 
are selected. Finally, Cin and Cout are selected and the 
loop is compensated. The circuit shown in Figure 1 can be 
configured for operation up to an input voltage of 48V. If 
the application does not require greater than 15V opera- 
tion, then the LTC1148 should be used. 

Rsense Selection for Output Current 

Rsense is chosen based on the required output current. 
The LTC1149 series current comparator has a threshold 
range which extends from a minimum of 25mV/RsENSE to 
a maximum of 150mV/RsENSE- The current comparator 
threshold sets the peak of the inductor ripple current, 
yielding a maximum output current Imax equal to the peak 
value less half the peak-to-peak ripple current. For proper 
Burst Mode™ operation, Iripple(p-p) must be less than or 
equal to the minimum current comparator threshold. 


Since efficiency generally increases with ripple current, 
the maximum allowable ripple current is assumed, i.e., 
Iripple(p-p) = 25itiV/Rsense (see Cj and L Selection for 
Operating Frequency). Solving for Rsense end allowing a 
margin for variations in the LTC1149 series and external 
component values yields: 


Rsense = 


IQOmV 

'max 


A graph for selecting Rsense versus maximum output 
current is given in Figure 2. The LTC1 149 series works 
well with values of Rsense from 0.02Q to 0.2Q. 

The load current below which Burst Mode™ operation 
commences, Iburst. and the peak short-circuit current, 
Isc(pk), both track l MAX . Once Rsense has been chosen, 
'burst and isc(PK) can be predicted from the following 
equations: 


'burst “ 


15mV 

Rsense 


'SC(PK) = 


150mV 

Rsense 
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The LTC1149 series automatically extends Ioff during a 
short circuit to allow sufficient time for the inductor 
current to decay between switch cycles. The resulting 
ripple current causes the average short-circuit current 
■sc(avg) to be reduced to approximately Imax- 



MAXIMUM OUTPUT CURRENT (A) 

LTCIlWfiK 

Figure 2. Rsense vs Maximum Output Current 


L and Ct Selection for Operating Frequency 

The LTC1 149 series uses a constant off-time architecture 
with toFF determined by an external timing capacitor Cj. 
Each time the P-channel MOSFET switch turns on, the 
voltage on Ct is reset to approximately 3.3V. During the 
off-time, Ct is discharged by a current which is propor- 
tional to Vout- The voltage on Cj is analogous to the 
current in inductor L, which likewise decays at a rate 
proportional to Vout- Thus the inductor value must track 
the timing capacitor value. 

The value of Cj is calculated from the desired continuous 
mode operating frequency, f: 

r 7.8x10-5/ h Vqut\ 

Ct — 7 r w) 

A graph for selecting Ct versus frequency including the 
effects of input voltage is given in Figure 3. 

As the operating frequency is increased the gate charge 
losses will be higher, reducing efficiency (see Efficiency 
Considerations). The complete expression for operating 
frequency is given by: 




v out \ 

vj 


where: 


t O FF = 1.3x10 4 xC T x 

Vreg is the desired output voltage (i.e., 5 V, 3.3V), while 
Vout is the actual output voltage. Thus Vr E g/Vqut = 1 
when in regulation. 

Mote that as V^ decreases, the frequency decreases. 
When the input to output voltage differential drops 
below 1.5V, the LTC1149 series reduces Ioff by in- 
creasing the discharge current in Ct. This prevents 
audible operation prior to dropout. 

Once the frequency has been set by Ct, the inductor L 
must be chosen to provide no more than 25mV/FtsENSE 
of peak-to-peak inductor ripple current. This results in 
a minimum required inductor value of: 

Lmin = 5.1 x 1 0 5 x Rsense x Ct x V reg 

As the inductor value is increased from the minimum 
value, the ESR requirements for the output capacitor 
are eased at the expense of efficiency. If too small an 
inductor is used, the inductorcurrent will decrease past 
zero and change polarity. A consequence of this is that 
the LTC1 149 series may not enter Burst Mode™ operation 
and efficiency will be severely degraded at low currents. 



0 50 100 150 200 250 

FREQUENCY (kHz) 

LTC1149 • F03 

Figure 3. Timing Capacitor Selection 
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Inductor Core Selection 

Once the minimum value for L is known, the type of 
inductor must be selected. High efficiency converters 
generally cannot afford the core loss found in low cost 
powdered iron cores, forcing the use of more expensive 
ferrite, molypermalloy, or Kool Mg® cores. Actual core 
loss is independent of core size for a fixed inductor value, 
but it is very dependent on inductance selected. As induc- 
tance increases, core losses go down. Unfortunately, 
increased inductance requires more turns of wire and 
therefore copper losses increase. 

Ferrite designs have very low core loss, so design goals 
can concentrate on copper loss and preventing saturation. 
Ferrite core material saturates “hard,” which means that 
inductance collapses abruptly when the peak design cur- 
rent is exceeded. This results in an abrupt increase in 
inductor ripple current and consequent output voltage 
ripple which can cause Burst Mode™ operation to be 
falsely triggered in the LTC1 149 series. Do not allow the 
core to saturate! 

Molypermalloy (from Magnetics, Inc.) is a very good, low 
loss core material for toroids, but it is more expensive 
than ferrite. A reasonable compromise from the same 
manufacturer is Kool Mg®. Toroids are very space effi- 
cient, especially when you can use several layers of wire. 
Because they generally lack a bobbin, mounting is more 
difficult. However, new surface mount designs available 
from Coiltronics do not increase the height significantly. 

P-Channel MOSFET Selection 

Two external power MOSFETs must be selected for use 
with the LTC1149 series: a P-channel MOSFET for the 
main switch, and an N-channel MOSFET for the synchro- 
nous switch. 

The minimum input voltage determines whether standard 
threshold or logic-level threshold MOSFETs must be 
used. For Vin > 8 V, standard threshold MOSFETs 
(Vqs(th) < 4V) may be used. If Vin is expected to drop 
below 8 V, logic-level threshold MOSFETs (Vgs(th) < 
2.5V) are strongly recommended. When logic-level 
MOSFETs are used, the absolute maximum Vq $ rating 

Kool M|x® is a registered trademark of Magnetics, Inc. 


for the MOSFETs must be greater than the LTC1149 
series internal regulator voltage Vcc- 

Selection criteria for the P-channel MOSFET include the 
on- resistance Rds(on). reverse transfer capacitance Crss. 
input voltage, and maximum output current. When the 
LTC1149 is operating in continuous mode, the duty cycle 
for the P-channel MOSFET is given by: 

P-Ch Duty Cycle = 

"IN 

The P-channel MOSFET dissipation at maximum output 
current is given by: 

p-Ch p D = ^ui(i MAX )2(i + a p) r DS(0N) 

+ k (V,m) 2 (l MAX ) (Crss) (f) 

where 3 is the temperature dependency of Rds(on) and k 
is a constant related to the gate drive current. Note the two 
distinct terms in the equation. The first gives the l 2 R 
losses, which are highest at low input voltages, while the 
second gives the transition losses, which are highest at 
high input voltages. For Vim < 24V, the high current 
efficiency generally improves with larger MOSFETs (al- 
though gate charge losses begin eating into the gains. 
See Efficiency Considerations). For Vin > 24V, the tran- 
sition losses rapidly increase to the point that the use of 
a higher Rds(ON) device with lower Crss actually provides 
higher efficiency. This is illustrated in the Design Ex- 
ample section. 

The term (1 + 3) is generally given for a MOSFET in the 
form of a normalized Rds(ON) vs temperature curve, but 
3 = 0.007/°C can be used as an approximation for low 
voltage MOSFETs. Crss is usually specified in the MOSFET 
electrical characteristics. The constant k is much harderto 
pin down, but k = 5 can be used for the LTC1 149 series to 
estimate the relative contributions of the two terms in the 
P-channel dissipation equation. 

N-Channel MOSFET and D1 Selection 

The same input voltage constraints apply to the N-channel 
MOSFET as to the P-channel with regard to when logic- 
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level devices are required. However, the dissipation calcu- 
lation is quite different. The duty cycle and dissipation for 
the N-channel MOSFET operating in continuous mode are 
given by: 

N-Ch Duty Cycle = V|N - f. Vo - ^ T 

V IN 

N . Ch p D = v in-Vout ( , max)2 (1 + a N) r DS(0N) 

where 3 is the temperature dependency of Rds(oim)- Note 
that there is no transition loss term in the N-channel 
dissipation equation because the drain-to-source voltage 
is always low when the N-channel MOSFET is turning on 
or off. The remaining l 2 R losses are the greatest at high 
input voltage or during a short circuit, when the 
N-channel duty cycle is nearly 100%. Fortunately, low 
r ds(on) N-channel MOSFETs are readily available which 
reduce losses to the point that heat sinking is not re- 
quired, even during continuous short-circuit operation. 

The Schottky diode D1 shown in Figure 1 only conducts 
during the dead-time between the conduction of the two 
power MOSFETs. Dl’s sole purpose in life is to prevent 
the body diode of the N-channel MOSFET from turning on 
and storing charge during the dead-time, which could 
cost as much as 1% in efficiency (although there are no 
other harmful effects if D1 is omitted). Therefore, D1 
should be selected for aforward voltage of less than 0.7V 
when conducting Imax- 

Finally, both MOSFETs and D1 must be selected for 
breakdown voltages higher than the maximum V in. 

C|n and Cout Selection 

In continuous mode, the source current of the P-channel 
MOSFET is a square wave of duty cycle V 0 ut/V|n- To 
prevent large voltage transients, a low ESR input capaci- 
torsized forthe maximum RMS current must be used. The 
maximum RMS capacitor current is given by: 

C, N Required l RMS - ’ m ax L v 0Ut(V|N-V 0 ut)1 1/2 

•IN 

This formula has a maximum at Vin = 2Vout, where 
Irms = Imax/2. This simple worst case condition is com- 


monly used for design because even significant devia- 
tions do not offer much relief. Note that capacitor 
manufacturer’s ripple current ratings are often based on 
only 2000 hours of life. This makes it advisable to further 
derate the capacitor, or to choose a capacitor rated at a 
highertemperaturethan required. Several capacitors may 
be paralleled to meet size or height requirements in the 
design. An additional 0.1 pF ceramic capacitor may also be 
required on Vin for high frequency decoupling. 

The selection of Cout is driven by the required effective 
series resistance (ESR). The ESR of Cout must be less 
than twice the value of Rsense for proper operation of the 
LTC1 149 series: 

Cout Required ESR < 2Rsense 

Optimum efficiency is obtained by making the ESR equal 
to r sei\ise- As the ESR is increased up to 2Rsense. the 
efficiency degrades by less than 1%. If the ESR is greater 
than 2Rsense. the voltage ripple on the output capacitor 
will prematurely trigger Burst Mode™ operation, resulting 
in disruption of continuous mode and an efficiency hit 
which can be several percent. 

Manufacturers such as Nichicon, Chemicon, and Sprague 
should be considered for high performance capacitors. 
The OS-CON semiconductor dielectric capacitor available 
from Sanyo has the lowest ESR for its size, at a somewhat 
higher price. Once the ESR requirement for Cout has been 
met, the RMS current rating generally far exceeds the 
Iripple(P-P) requirement. 

In surface mount applications multiple capacitors may 
have to be paralleled to meet the capacitance, ESR, or 
RMS current handling requirements of the application. 
Aluminum electrolytic and dry tantalum capacitors are 
both available in surface mount configurations. In the 
case of tantalum, it is critical that the capacitors are surge 
tested for use in switching power supplies. An excellent 
choice is the AVX TPS series of surface mount tantalums, 
available in case heights ranging from 2mm to 4mm. For 
example, if 200^F/1 0V is called for in an application 
requiring 3mm height, two AVX lOOgF/IOV (P/N TPSD 
107K010) could be used. Consult the manufacturer for 
other specific recommendations. 
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At low supply voltages, a minimum value of Cout is 
suggested to prevent an abnormal low frequency oper- 
ating mode (see Figure 4). When Cout is too small, the 
output ripple at low frequencies will be large enough to 
trip the voltage comparator. This causes the Burst 
Mode™ operation to be activated when the LTC1149 
series would normally be in continuous operation. The 
effect is most pronounced with low values of Rsense 
and can be improved by operating at higherf requencies 
with lower values of L. The output remains in regulation 
at all times. 

Checking Transient Response 

Switching regulators take several cycles to respond to a 
step in DC (resistive) load current. When a load step 



(Vin-Vqut) voltage (V) 

LTC1149-TPC04 

Figure 4. Minimum Suggested Cout 


occurs, Vout shifts by an amount equal to AIload x ESR, 
where ESR is the effective series resistance of Cout- 
AIload also begins to charge or discharge Cout until the 
regulator loop adapts to the current change and returns 
Vout to its steady state value. During this recovery time 
Vout can be monitored for overshoot or ringing which 
would indicate a stability problem. The pin 7 external 
components shown in the Figure 1 circuit will prove 
adequate compensation for most applications. 

A second , more severe transient is caused by switching in 
loads with large (>1pF) supply bypass capacitors. The 
discharged bypass capacitors are effectively put in parallel 
with Cout. causing a rapid drop in Vout- No regulator can 
deliver enough current to prevent this problem if the load 
switch resistance is low and it is driven quickly. The only 
solution is to limit the rise time of the switch drive so that 
the load rise time is limited to approximately 25 x Cload- 
Thus a lOpF capacitor would require a 250ps rise time, 
limiting the charging current to about 200mA. 

LTC1149 Adjustable Applications 

When an output voltage other than 3.3V or 5V is required, 
the LTC1149 adjustable version is used with an external 
resistive divider from Vout to Vfb pin 10. The regulated 
voltage is determined: 

V 0 ut = 1-25 jl + 


V|N 
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In applications where Vout is greater than the LTC1149 
internally regulated Vqc voltage, Rsense must be moved to 
the ground side of the output to prevent the absolute 
maximum voltage ratings of the sense pins from being 
exceeded. This is shown in Figure 5. When the current 
sense comparator is operating at OV common mode, the 
off-time increases approximately 40%, requiring the use 
of a smaller timing capacitor Cj. 

Efficiency Considerations 

The percent efficiency of a switching regulator is equal to 
the output power divided by the input power times 100%. 
It is often useful to analyze individual losses to determine 
what is limiting the efficiency and which change would 
produce the most improvement. Percent efficiency can be 
expressed as: 

% Efficiency = 100 - (LI + L2 + L3 + ...) 

where LI , L2, etc., are the individual losses as a percent- 
age of input power. (For high efficiency circuits only small 
errors are incurred by expressing losses as a percentage 
of output power.) 

Although all dissipative elements in the circuit produce 
losses, four main sources usually account for most of the 
losses in LTC1149 series circuits: 1) LTC1149 DC supply 
current, 2) MOSFET gate charge current, 3) l 2 R losses, 
and 4) P-channel transition losses. 

1) The DC supply current is the current which flows into 
V|n pin 2 less the gate charge current. For Vin = 12V the 
LTC1149 DC supply current is 0.6mA for no load, and 
increases proportionally with load up to 2mA after the 
LTC1149 series has entered continuous mode. Because 
the DC supply current is drawn from V^, the resulting loss 
increases with input voltage. For Vin = 24V, the DC bias 
losses are generally less than 3% for load currents over 
300mA. However, at very low load currents the DC bias 
current accounts for nearly all of the loss. 

2) MOSFET gate charge current results from switching the 
gate capacitance of the power MOSFETs. Each time a 
MOSFET gate is switched from low to high to low again, a 
packet of charge dQ moves from V| N to ground. The 
resulting dQ/dt is a current out of V^ which is typically 
much larger than the DC supply current. In continuous 


mode, Igatechg = f (Qn + Qp). The typical gate charge for 
a 0.1 0 N-channel power MOSFET is 25nC, and for a 
P-channel about twice that value. This results in 
Igatechg = 7.5mA in 100kHz continuous operation, for a 
5% to 10% typical mid-current loss with Vin = 24V. 

Note that the gate charge loss increases directly with both 
input voltageand operating frequency. This is the principal 
reason why the highest efficiency circuits operate at 
moderate frequencies. Furthermore, it argues against 
using larger MOSFETs than necessary to control l 2 R 
losses, since overkill can cost efficiency as well as money! 

3) l 2 R losses are easily predicted from the DC resistances 
of the MOSFET, inductor, and current shunt. In continu- 
ous mode all of the output current flows through L and 
Rsense. but is “chopped” between the P-channel and N- 
channel MOSFETs. If the two MOSFETs have approxi- 
mately the same Rds(ON). then the resistance of one 
MOSFET can simply be summed with the resistances of 
L and Rsense to obtain l 2 R losses. For example, if each 
Rds(on) = 0.1 £2, R[_ = 0.1 5£2, and Rsense = 0.05Q, then 
the total resistance is 0.3Q. This results in losses ranging 
from 3% to 12% as the output current increases from 
0.5A to 2A. I 2 R losses cause the efficiency to roll-off at 
high output currents. 

4) T ransition losses apply only to the P-channel MOSFET, 
and only when operating at high input voltages (typically 
24V or greater). Transition losses can be estimated from: 

Transition Loss = 5(V, N ) 2 (l MA x) (Crss) (f) 

For example, if V^ = 48V, Imax = 2A, Crss = 300pF (a very 
large MOSFET), and f = 100kHz, the transition loss is 
0.7W. A loss of this magnitude would not only kill effi- 
ciency but would probably require additional heat sinking 
for the MOSFET! See Design Example for further guide- 
lines on how to select the P-channel MOSFET. 

Other losses including Cin and Corn ESR dissipative 
losses, Schottky conduction losses during dead-time, and 
inductor core losses, generally account for less than 2% 
total additional loss. 

LTC1149 Package Dissipation 

High input voltage applications in which large MOSFETs 
are being driven at high frequencies may cause the maxi- 


rrunm 

TECHNOLOGY 


4-425 





LTC1149 

LTC1 149-3. 3/LTC1149-5 


nppucnnons mFonmnnon 

mum junction temperature rating for the LTC1149 series 
to be exceeded. The LTC1 1 49 supply current is dominated 
by the gate charge supply current, which is given as a 
function of operating frequency in the Typical Perfor- 
mance Characteristics. The LTC1 149 series junction tem- 
perature can be estimated by using the equations given in 
Note 1 of the Electrical Characteristics. For example, the 
LT 1 149CS is limited to less than 1 1 mAfrom a 48V supply: 

Tj = 70°C + (1 1 mA x 48V x 1 1 0°C/W) 

= 128°C exceeds absolute maximum 

To prevent the maximum junction temperature from being 
exceeded, the pin 2 supply current must be checked in 
continuous mode when operating at the maximum Vin. 

Design Example 

As a design example, assume V^ = 24V, Vout = 5 V, 
Imax = 2.5A, and f = 100kHz. Rsense. Cj and L can 
immediately be calculated: 


r sense = 


IQOmV 

2.5 


0.039S2 


r 7.8x10-5 
T 100kHz 




= 620pF 


Lm IN = 5.1 x 1Q5 x 0.0390 x 620pF x 5 V = 62p.H 


Selection of the P-channel MOSFET involves doing calcu- 
lations for different sized MOSFETs to determine the 
relative loss contributions. Taking an International Recti- 
fier IRF9Z34 for example, Rds(ON) = 0.140 Max, Q P = 
35nC, and Crss = 200pF (V D s = V tN /2). These values can 
be used to estimate the l 2 R losses, transition losses, and 
gate charge supply current losses: 

Est. | 2 R Loss (Tj = 100°C) = 

(5V/24V) (2.5) 2 (1 + 0.5)0.140 = 270mW 

Est. Transition Loss = 

5 (24V) 2 (2.5A) (200pF) (100kHz) = 145mW 

Est. Gate Charge Loss = 

(100kHz) (35nC) (24V) = 85mW 

The same calculations were repeated for a smaller device, 
the Motorola MTD2955 (Rds(ON) = 0.30), and a larger 


one, the Harris RFP30P05 (Rds(ON) = 0.0650). The results 
are summarized in the table. 


CONDITIONS 

Vin = 24V, V 0U T = 5V 

F= 100kHz, Iqut = 2.5A 

P-CHANNEL MOSFET 

MTD2955 

IRF9Z34 

RFP30P05 

Est. I 2 R Loss (100°C) 

550mW 

270mW 

120mW 

Est. Transition Loss 

llOmW 

145mW 

290mW 

Est. Gate Charge Loss 

60mW 

85mW 

240mW 

Est. Total Loss 

720mW 

500mW 

650mW 


Forthis set of conditions, the mid-sized P-channel MOSFET 
actually produces the lowest total losses at Imax- The 
resulting efficiency differences will be even more pro- 
nounced at lower output currents. Note that only the l 2 R 
and transition losses are dissipated in the MOSFET; the 
gate charge supply current loss is dissipated by the 
LTC1149 series. 

Selection of the N-channel MOSFET is somewhat easier; it 
need only be sized for the anticipated l 2 R losses at 100% 
duty cycle (worst case assumption for short circuit.) The 
Siliconix Si9410, for example, has Rds(ON) = 0.03Q Max 
and Qfj = 30nC. This will produce an l 2 R loss of 250mW at 
1 00°C and a gate charge supply current loss of 75mW. As 
with the P-channel device, the use of a larger MOSFET may 
actually result in lower mid-current efficiency 

C|n will require an RMS current rating of at least 1 .25A at 
temperature, and Cout will require an ESR of 0.04S2 for 
optimum efficiency. The output capacitor ESR require- 
ment can be fulfilled by a single OS-CON or by two or more 
surface mount tantalums in parallel. 

Auxiliary Windings - Suppressing Burst Mode™ 

Operation 

The LTC1 1 49 synchronous switch removes the normal 
limitation that power must be drawn from the inductor 
primary winding in order to extract power from auxil- 
iary windings. With synchronous switching, auxiliary 
outputs may be loaded without regard to the primary 
output load, providing that the loop remains in continu- 
ous mode operation. 

Burst Mode™ operation can be suppressed at low output 
currents with a simple external network which cancels the 
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25mV minimum current comparatorthreshold. This tech- 
nique is also useful for eliminating audible noise from 
certain types of inductors in high current (Iqut > 5A) 
applications when they are lightly loaded. 

An external offset is put in series with the Sense” pin to 
subtract from the built-in 25mV offset. An example of this 
technique is shown in Figure 6. Two 100Q resistors are 
inserted in series with the leads from the sense resistor. 

With the addition of R3, a current is generated through R1 
causing an offset of: 


^OFFSET = V OUT x 


R1 


R1 + R3 


If Voffset > 25mV, the minimum threshold will be cancelled 
and Burst Mode™ operation is prevented from occurring. 
Since Voffset is constant, the maximum load current is also 
decreased by the same offset. Thus, to get back to the same 
Imax. the value of the sense resistor must be lower: 


r sense = 


75mV 

Imax 


To prevent noise spikes from erroneously tripping the 
current comparator, a lOOOpF capacitor is needed across 
pins 8 and 9. 




Rsense 


-.TC1 149 

9 

R2 

100Q 


1 ±L 

— j— C qut 


lOOOpF 

R1 

100Q 




^ 1 

< 

< 

>R3 

LTC1 149 ♦ F06 



Figure 6. Suppressing Burst Mode™ Operation 
Output Crowbar 

An added feature to using an N-channel MOSFET as the 
synchronous switch is the ability to crowbar the output 
with the same MOSFET. Pulling the timing cap pin 6 above 
1.5V when the output voltage is greater than the desired 
regulated value, will turn on the N-channel MOSFET. 

A fault condition which causes the output voltage to go 
above a maximum value can be detected by external 


circuitry. Turning on the N-channel MOSFET when this 
fault is detected will then force the system fuse to blow. 

The N-channel MOSFET needs to be sized so it will safely 
handle this over current condition. The typical delay from 
pulling the Cj pin 6 high to when the N-gate pin 13 goes 
high is 250ns. Under shutdown conditions, the N-channel 
is held off and pulling pin 6 high will not cause the output 
to be crowbarred. 

A small N-channel FET can be used as an interface between 
the overvoltage detect circuitry and the LTC1 1 49 as shown 
in Figure 7. 


CROWBAR 1 Nh VM2222LL 

T_ 


ACTIVE WHEN CROWBAR = V, N 
OFF WHEN CROWBAR = GROUND 


Vec 

LTC1149 

Ct 


LTC1149 • F07 

Figure 7. Output Crowbar Interface 


Board Layout Checklist 

When laying out the printed circuit board, the following 
checklist should be used to ensure proper operation of the 
LTC1149 series. These items are also illustrated graphi- 
cally in the layout diagram of Figure 8. Check the following 
in your layout: 

1) Are the signal and power grounds segregated? The 
LTC1 1 49 signal ground pin 1 1 must connect separately to 
the (-) plate of Cout- The other ground pins 12 and 14 
should return to the source of the N-channel MOSFET, 
anode of the Schottky diode, and (-) plate of Cin, which 
should have as short lead lengths as possible. 

2) Does the LTC1 1 49 Sense - pin 8 connectto a point close 
to Rsense and the (+) plate of Cout? In adjustable applica- 
tions, the resistive divider R1, R2 must be connected 
between the (+) plate of Cout and signal ground. 

3) Are the Sense - and Sense + leads routed together with 
minimum PC trace spacing? The differential decoupling 
capacitor between pins 8 and 9 should be as close as 
possible to the LTC1149. Up to 100Q may be placed in 
series with each sense lead to help decouple pins 8 
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and 9. However, when these resistors are used, the 
capacitor should be no larger than lOOOpF. 

4) Does the (+) plate of Cin connect to the source of the 
P-channel MOSFET as closely as possible? An additional 
0.1 pF ceramic capacitor between Vin and power ground 
may be required in some applications. 

5) Is the Vcc decoupling capacitor connected closely 
between pin 5 of the LTC1149 and power ground? This 
capacitor carries the MOSFET driver peak currents. 

6) Is the shutdown 1 pin 10 (fixed output versions only) 
actively pulled to ground during normal operation? The 
shutdown 1 pin is high impedance and must not be 
allowed to float. In adjustable versions, pin 10 is the 
feedback pin and is very sensitive to pickup from the 
switch node. Care must be taken to isolate Vfb from 
possible capacitive coupling of the inductor switch signal. 

Troubleshooting Hints 

Since efficiency is critical to LTC1 149 series applications, 
it is very important to verify that the circuit is functioning 


correctly in both continuous and Burst Mode™ operation. 
The waveform to monitor is the voltage on the timing 
capacitor pin 6. 

In continuous mode (Iload > Iburst) the voltage on pin 6 
should be a sawtooth with a 0.9Vp.p swing. This voltage 
should never dip below 2 V as shown in Figure 9a. 

When load currents are low (Iload < Iburst) Burst Mode™ 
operation should occur with the Cj pin waveform periodi- 
cally falling to ground as shown in Figure 9b. 


If pin 6 is observed falling to ground at high output 
currents, Vindicates poor decoupling or improperground- 
ing. Refer to the Board Layout Checklist. 



Figure 9. Ct Pin 6 Waveforms 
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LTC1 149-3. 3/LTC1 149-5 


TVPicm nppucnnons 


V|N 

8VT0 20V 



*C0ILTR0NICS CTX02-1 1 932 
“DALE WSC-1/2-0.1 



Figure 10. High Efficiency 8V to 20V Input 3.3V/1A Output Regulator 


8VT0 20V 



**KRL SL-1-C1-0R033J 

Figure 11. High Efficiency 8V to 20V input 3.3V/3A Output Regulator 
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LTC1149 

LTC1 149-3. 3/LTC1 149-5 


TVPicm application 


V|N 

5.5V TO 25V 



*C0ILTR0NICS CTX33-4 Kool Mu® 
* *KRL SL-1 -Cl -0R050J 


Figure 12. Ultra Wide Input Range (5.5V to 25V) High Efficiency 5V Regulator 


V|N 

8VT016V 



**KRL SL-1-C1-0R050J 

Figure 13. 250kHz High Efficiency 12V Input 5V/2A Output Regulator 
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LTC1149 
LTC1 149-3. 3/LTC1149-5 


TVPicflL nppucnnons 



**IRC LR2512-01-R040-G 

Figure 14. High Efficiency 48V Input 5V/2.5A Output Regulator 



V|N 

8VT0 20V 



OV: V 0 UT = 3.3V 
5V: V 0U t = 5V 


*COILTRONICS CTX50-2-MP 
“IRC LR2010-01-R050-G 


Figure 15. Logic Selectable 5V/2A or 3.3V/2A High Efficiency Regulator 
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LTC1149 

LTC1 149-3. 3/LTC1 149-5 


tvpichl nppucnnons 


V|(M _ 

12V TO 36V 


- p-gate cap J2. 

V,N SHUTDOWN 2 - 


Vcc R-GND 


— IOOOm-F 

-J“63V 


i MTP30N06EL L* 
t 50*iH 



i I 

’—VVV — 1 


L 

j 

>4-1 IRFZ44 ^ 

r> MBR380 


±1 



COILTRONICS CTX50-5-52 SEE APPLICATIONS INFORMATION TO SUPPRESS 
“DALE LVR-3-0.02 Burst Mode ™ OPERATION AT LOW CURRENTS 

Figure 16. 25W High Efficiency Regulator Using N-Channel MOSFET Switches 


V|N 

20V TO 30V 
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LTH7Q/LTVI71 /LT1172 

100kHz, 5A, 2.5A and 1 .25A 


High Efficiency Switching Regulators 


F6ATURCS 

■ Wide Input Voltage Range: 3V to 60V 

■ Low Quiescent Current: 6mA 

■ Internal 5A Switch (2.5A for LT1171.1.25A forLT1 1 72) 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Operates in Nearly All Switching Topologies 

■ Shutdown Mode Draws Only 50pA Supply Current 

■ Flyback-Regulated Mode Has Fully Floating Outputs 

■ Comes in Standard 5-Pin Packages 

■ LT1 172 Available in 8-Pin MiniDIP and Surface Mount 
Packages 

■ Can Be Externally Synchronized 

APPUCATIOAS 

■ Logic Supply 5V at 10A 

■ 5V Logic to ±15V Op Amp Supply 

■ Battery Upconverter 

■ Power Inverter (+ to -) or (- to +) 

■ Fully Floating Multiple Outputs 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional description 
of the LT1 1 70/LT1 1 71/LT1 1 72. Application circuits are included to show the capability of the 
LT1 1 70/LT1 1 71/LT1 1 72. A complete design manual (AN19) should be obtained to assist in 
developing new designs. This manual contains a comprehensive discussion of both the LT 1 070 and 
the external components used with it, as well as complete formulas for calculating the values of these 
components. The manual can also be used for the LT1 170/LT1 171/LT1 172 by factoring in the higher 
frequency. A CAD design program called SwitcherCAD is also available. 


D€SCRIPTIOf1 

The LT1 170/LT1 1 71/LT1 172 are monolithic high power 
switching regulators. They can be operated in all standard 
switching configurations including buck, boost, flyback, 
forward, inverting and “Cuk.” A high current, high effi- 
ciency switch is included on the die along with all oscilla- 
tor, control, and protection circuitry. Integration of all 
functions allows the LT1 1 70/LT 1 1 71/LT1 1 72 to be built in 
a standard 5-pin TO-3 orTO-220 power package as well as 
the 8-pin packages (LT1172). This makes them extremely 
easy to use and provides “bust proof” operation similar to 
that obtained with 3-pin linear regulators. 

The LT1 1 70/LT1 171/LT1 1 72 operate with supply volt- 
ages from 3V to 60V, and draw only 6mA quiescent 
current. They can deliver load power up to 1 00W with no 
external power devices. By utilizing current-mode switch- 
ing techniques, they provide excellent AC and DC load and 
line regulation. 

The LT1 1 70/LT1 1 71/LT1 172 have many unique features 
not found even on the vastly more difficult to use low 
power control chips presently available. They use adaptive 
anti-sat switch drive to allow very wide ranging load 
currents with no loss in efficiency. An externally activated 
shutdown mode reduces total supply current to 50|aA 
typically for standby operation. 



TYPICAL APPUCATIOA 


Boost Converter (5V to 12V) 




INPUT VOLTAGE (V) 


rj unm. 
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D8SOLUTC mnximum RnnnGS prckrgc/ordcr mFORmnnon 


Supply Voltage 

LT1170/71/72HV 60V 

LT1 1 70/71/72 (See Note 1 ) 40V 

Switch Output Voltage 

LT1 1 70/71/72HV 75V 

LT1 170/71/72 65V 

LT1172S8 60V 

Feedback Pin Voltage (Transient, 1ms) +15V 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Operating Junction Temperature Range 

LT1 1 70/71/72M -55°Cto150°C 

LT11 70/71 /72HVC, 

LT1170/71/72C (Oper.) 0°Cto 100°C 

LT1 1 70/71/72HVC, 

LT1 1 70/71/72C (Sh. Ckt.) 0°Cto 125°C 

LT1 170/71/721 (Oper.) -40°Cto 100°C 

LT1 170/71/721 (Sh. Ckt.) -40°Cto 125°C 


Note 1: Minimum effective switch “on” time for the LT1 170/71/72 (in current 
limit only) is = 0.6jiS. This limits the maximum safe input voltage during an 
output shorted condition. Buck mode and inverting mode input voltage during 
an output shorted condition is limited to: 

Vin (max, output shorted) = 15V + R * — 
buck and inverting mode 
R = Inductor DC resistance 

l L = 10A for LT1 1 70, 5A for LT1 1 71 , and 2.5A for LT1 1 72 
Vf = Output catch diode forward voltage at l|_ 
t = 0.6ps, f = 100kHz switching frequency 
Maximum input voltage can be increased by increasing R or Vf. 

External current limiting such as that shown in AN1 9, Figure 39, will 
provide protection up to the full supply voltage rating. Cl in Figure 39 
should be reduced to 200pF. 

Transformer designs will tolerate much higher input voltages because 
leakage inductance limits rate of rise of current in the switch. These 
designs must be evaluated individually to assure that current limit is well 
controlled up to maximum input voltage. 

Boost mode designs are never protected against output shorts because 
the external catch diode and inductor connect input to output. 


GND [T 

“~KJ 

8] E2 

NUMBER 

VcU 


U v sw 

LT1172MJ8 

FB |T 


H El 

LT1172CJ8 

NC [T 


HV| N 

LT1172CN8 

LT1172IN8 

J8 PACKAGE N8 PACKAGE j 


8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 
S8 PACKAGE, 8-LEAD PLASTIC SOIC 


ORDER PART 


LT1172CS8 

LT1172IS8 


TjMAX = 150°C,ejA = 100°C/W (J) 
TjMAX = 100 o C,e JA =130 o C/W(N) 
TjMAX = 100°C i e JA = 120°C/W (S) 


S8 PART MARKING 


1172 

11721 


BOTTOM VIEW 



K PACKAGE, 4-LEAD TO-3 METAL CAN 



Tjmax 

0JC 

0JA 

LT1170MK 

150°C 

2°C/W 

35°C/W 

LT1170CK 

100°C 

2°C/W 

35°C/W 

LT1171MK 

150°C 

4°C/W 

35°C/W 

LT1171CK 

100°C 

4°C/W 

35°C/W 

LT1 1 72MK/LT1 1 72HVMK 

150°C 

8°C/W 

35°C/W 

LT 1 1 72CK/LT 1 1 72HVCK 

150°C 

8°C/W 

35°C/W 


ORDER PART 
NUMBER 


LT1170MK 

LT1170CK 

LT1171MK 

LT1171CK 

LT1172MK 

LT1172CK 


Based on continuous operation. 

Tjmax = 125°C for intermittent fault conditions. 


FRONT VIEW 


' 5 

=3 V, N 

4 

— I Vsw 

O 3 

ZH3 GND 

2 

!□ FB 

, 1 

— iv c 


Q PACKAGE, 5-LEAD DD 


Tjmax = 100°C, 0 JA = *°C/W 


*0 will vary from 
approximately 25°C/W 
with 2.8 sq. in. of loz. 
copper to 45°C/W with 
0.20 sq. in. of loz. 
copper. Somewhat lower 
values can be obtained 
with additional copper 
layers in multilayer 
boards. 


TOP VIEW 



ORDER PART 
NUMBER 


LT1170CQ 

LT1171CQ 


ORDER PART 
NUMBER 


LT1172CS 


S PACKAGE, 16-LEAD PLASTIC SOL 


Tjmax = 100°C, 0 JA = 150°C/W 


Not recommended for new 


Based on continuous operation. 

Tjmax = 125°C for intermittent fault conditions. 


design. Please refer to 
LT1172CS8. 


FRONT VIEW 


5 T Vim 



T PACKAGE, 5-LEAD TO-220 



Tjmax 

0jc 

0JA 

LT 1 1 70CT/LT 1 1 70HVCT 

100°C 

2°C/W 

75°C/W 

LT1 1 71 CT/LT1 1 71 HVCT 

100°C 

4°C/W 

75°C/W 

LT 1 1 72CT/LT 1 1 72HVCT 

100°C 

8°C/W 

75°C/W 


Based on continuous operation. 

Tjmax = 125°C for intermittent fault conditions. 


ORDER PART 
NUMBER 


LT1170CT 

LT1170HVCT 

LT1171CT 

LT1171HVCT 

LT1172CT 

LT1172HVCT 
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LT1170/LT1171 /LT1172 


ELECTRICAL CHARACTERISTICS V|n = 15V, Vq = 0.5V, Vp B = V REF , output pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 


Measured at Feedback Pin 



1.224 

1.244 

1.264 

V 




V c = 0.8V 


• 

1.214 

1.244 

1.274 

V 

Ib 

Feedback Input Curren 

it 

Vfb = Vref 




350 

750 

nA 






• 



1100 

nA 

9m 

Error Amplifier 


AIq = ±25pA 



3000 

4400 

6000 

pmho 


Transconductance 




• 

2400 


7000 

pm ho 


Error Amplifier Source or 

V C = 1.5V 



150 

200 

350 

pA 


Sink Current 




• 

120 


400 

pA 


Error Amplifier Clamp 


Hi Clamp, Vfb = IV 



1.80 


2.30 

V 


Voltage 


Lo Clamp, V FB = 1.5V 



0.25 

0.38 

0.52 

V 


Reference Voltage Urn 

3 

3V < V|n < V M ax 


• 



0.03 

%/V 


Regulation 


V c = 0.8V 







Av 

Error Amplifier Voltage Gain 

0.9V <V C < 1.4V 


500 

800 


V/V 


Minimum Input Voltage (Note 3) 


• 


2.6 

3.0 

V 

•q 

Supply Current 

3V < V,n < V MA x> V C = 0.6V 



6 

9 

mA 


Control Pin Threshold 


Duty Cycle = 0 



0.8 

0.9 

1.08 

V 






• 

0.6 


1.25 

V 


Normal/Flyback Threshold 




0.4 

0.45 

0.54 

V 


on Feedback Pin 









Vfb 

Flyback Reference Voltage 

Ifb = 50pA 



15.0 

16.3 

17.6 

V 


| (Note 3) 




• 

14.0 


18.0 

V 


Change in Flyback Reference 

0.05 < Ifb ^ 1mA 



4.5 

6.8 

9 

V 


Voltage 










Flyback Reference Voltage 

Ifb = 50pA 




0.01 

0.03 

%/V 


Line Regulation (Note 3) 

7 V < V|(\| < V M ax 








Flyback Amplifier 


> 

o 

II 

1+ 

o 

S. 



150 

300 

500 

pmho 


Transconductance (g m 

,) 









Flyback Amplifier Source 

Vq = 0.6V Source 


• 

15 

32 

70 

pA 


and Sink Current 


Ifb = 50jiA Sink 


• 

25 

40 

70 

pA 

BV 

Output Switch Breakdown 

3V<V| N <V MA x, 1 LT1 1 70/LT1 1 71/LT1 1 72 


• 

65 

90 


V 


Voltage 


l sw = 1.5mA LT1 1 70HV/LT1 1 71 HV/LT1 1 72HV 

• 

75 

90 


V 




1 LT1172S8 


• 

60 

80 


V 

VSAT 

Output Switch 


LT1170 


• 


0.15 

0.24 

Q 


“On” Resistance (Note 1) 

LT1171 


• 


0.30 

0.50 

L2 




LT1172 


• 


0.60 

1.00 

Q 


Control Voltage to Switch 

LT1170 




8 


A/V 


Current Transconductance 

LT1171 




4 


A/V 




LT1172 




2 


A/V 

■UM 

Switch Current Limit 

(LT1170) 

Duty Cycle = 50% 

Tj > 25°C 

• 

5 


10 

A 




Duty Cycle = 50% 

Tj < 25°C 

• 

5 


11 

A 




Duty Cycle = 80% (Note 2) 


• 

4 


10 

A 



(LT1171) 

Duty Cycle = 50% 

Tj > 25°C 

• 

2.5 


5.0 

A 




Duty Cycle = 50% 

Tj < 25°C 

• 

2.5 


5.5 

A 




Duty Cycle = 80% (Note 2) 


• 

2.0 


5.0 

A 



(LT1172) 

Duty Cycle = 50% 

Tj>25°C 

• 

1.25 


3.0 

A 




Duty Cycle = 50% 

Tj < 25°C 

• 

1.25 


3.5 

A 




Duty Cycle = 80% (Note 2) 


• 

1.00 



A 
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LT1170/Lm71 /LT1172 

ELECTRICAL CHARACTERISTICS V| N = 15V, Vc = 0.5V, Vpb = Vref, output pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Min 

Supply Current Increase 




25 

35 

mA/A 

Alsw 

During Switch On-Time 







f 

Switching Frequency 



88 

100 

112 

kHz 




• 

85 


115 

kHz 

DCmax 

Maximum Switch Duty Cycle 


• 

80 

90 

95 

% 


Shutdown Mode 

3V< V| N < Vmax 



100 

250 

kA 


Supply Current 

V c = 0.05V 







Shutdown Mode 

3V < Vim < V MA x 


100 

150 

250 

mV 


Threshold Voltage 


• 

50 


300 

mV 


Flyback Sense Delay Time (Note 3) 



! 1.5 

|TS 


The • denotes the specifications which apply over the full operating 
temperature range. 

V M ax = 40V for LT1 1 70/71/72 and 60V for LT1 170/71 /72HV. 

Note 1 : Measured with Vc in hi clamp, Vfb = 0.8V. Isw = 4A for LT 1 1 70, 
2A for LT1171, and 1 A for LT1172. 


guaranteed switch current is given by Ilim = 3.33 (2 - DC) for the LT1170, 
Ium = 1 -67 (2 - DC) for the LT1 1 71 , and l UM = 0.833 (2 - DC) for the 
LT1172. 

Note 3: Minimum input voltage for isolated flyback mode is 7V. Vmax = 

55 V for HV grade in fully isolated mode to avoid switch breakdown. 


Note 2: For duty cycles (DC) between 50% and 80%, minimum 


TYPICAL PERFORRlAnCE CHARACTERISTICS 



0 10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 


1170/1/2 G01 


Minimum Input Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

1170/1/2 G02 



Reference Voltage vs Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

11 70/1/2 G05 


Switch Saturation Voltage 



Feedback Bias Current vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

1170/1/2 G06 


4-436 


rrunm 

TECHNOLOGY 










LT1170/LT1171 /LT1172 


TVPICm P€RFORmnnC€ CHRRflCT€RISHCS 


Supply Current vs Supply Voltage 
(Shutdown Mode) 



0 10 20 30 40 50 60 



0 1 2 3 4 5 


Supply Current vs Input Voltage* 


Tj = 25°C 



1 

NOTE THATT 
INCLUDE DR 
-A FUNCTION 
DUTY CYCLE 

1 T 1 

HIS CURRENT DOES NOT 

VER CURRENT, WHICH IS 

OF LOAD CURRENT AND 



— 

!T90%DUTYCYCLE_ 

1 1 

50% DUTY CYCLE 








10% DUTY CYCLE 




.1 _i 




0% DUTY CYCLE 
1 1 


0 10 20 30 40 50 60 


SUPPLY VOLTAGE (V) 

1170/1/2 G07 


SWITCH CURRENT (A) 1170/1/2G08 

AVERAGE LT1170 POWER SUPPLY CURRENT IS 
FOUND BY MULTIPLYING DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT CURRENT. 


INPUT VOLTAGE (V) 1170/1/2009 

UNDER VERY LOW OUTPUT CURRENT CONDITIONS, 
DUTY CYCLE FOR MOST CIRCUITS WILL APPROACH 
10% OR LESS. 


Shutdown Mode Supply Current 



0 10 20 30 40 50 60 70 80 90 100 
V c PIN VOLTAGE (mV) 

1170/1/2 G10 


Error Amplifier Transconductance 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

1170/1/2 G11 


Vq Pin Characteristics 


300 

200 

100 

0 

-100 

-200 

-300 

-400 


T IT 

II II 

F 


V FB = 1 .5V (CURRENT INTO V C PIN)|| 

IS 




j 



IB 

IB 

■ 

■ 




z 




■ 

■1 

IB 




r 



■ 

s 

■ 

■ 


■ 

WA 




jj§§ 

■ 

m 

IB 


SI 

m 


j 

= 2 


■ 

■1 

■ 


■V 

w 





■ 

■1 

■ 


■fi 

\u 








j 

■ 


■J 









i 

V F b = 

: 0.8) 
I 

/(CL 

IRRE 
I 

NT 0 

UT 

FV C 

PIN 





1 


r: 









ti 



t 

t 






0.5 1.0 1.5 2.0 

V c PIN VOLTAGE (V) 



Idle Supply Current vs 
Temperature 



TEMPERATURE (°C) 

1170/1/2 G13 


Feedback Pin Clamp Voltage 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

FEEDBACK CURRENT (mA) 

11 70/1/2 G14 


Switch “Off” Characteristics 

1000 

900 
800 
% 700 
§ 600 
§§ 500 
| 400 
S 300 

in 

200 
100 
0 

0 10 20 30 40 50 60 70 80 90 100 
SWITCH VOLTAGE (V) 



XTWM> 
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TVPICm P€RFORmnnC€ CHRRRCT€RISTICS 


Shutdown Thresholds 


Flyback Blanking Time 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


-400 

-350 

-300 < 

-250 1 
o 

-200 5 

JO 

m 

" 150 5 
-100 3 
-50 
0 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 

1 170/1/2 G17 


Isolated Mode Flyback Reference 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

1170/1/2 GIB 


Transconductance of Error 
Amplifier 



Normal/Flyback Mode Threshold on 
Feedback Pin 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


1170/1/2 G20 
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LT1170/LT1171/LT1172 


block dirgrrir 

SWITCH 



El t E2 


t ALWAYS CONNECT El TO THE GROUND PIN ON MINIDIP, 8- AND 16-PIN SURFACE MOUNT PACKAGES. 

El AND E2 INTERNALLY TIED TO GROUND ON TO-3 AND T0-220 PACKAGES. 1170/1/2 bd 


OPCRRTIOR 

The LT1 1 70/LT1 171/LT1 172 are current mode switchers, protection under output overload or short conditions. A 
This means that switch duty cycle is directly controlled by low dropout internal regulator provides a 2.3V supply for 
switch current rather than by output voltage. Referring to all internal circuitry on the LT1 170/LT1 171/LT1 1 72. This 
the block diagram, the switch is turned “on” at the start of low dropout design allows input voltage to vary from 3 V to 
each oscillator cycle. It is turned “off” when switch current 60V with virtually no change in device performance. A 
reaches a predetermined level. Control of output voltage is 1 00kHz oscillator is the basic clock for all internal timing, 

obtained by using the output of a voltage sensing error It turns “on” the output switch via the logic and driver 

amplifier to set current trip level. This technique has circuitry. Special adaptive anti-sat circuitry detects onset 

several advantages. First, it has immediate response to of saturation in the power switch and adjusts driver 
input voltage variations, unlike ordinary switchers which current instantaneously to limit switch saturation. This 
have notoriously poor line transient response. Second, it minimizes driver dissipation and provides very rapid turn- 
reduces the 90° phase shift at mid-frequencies in the off of the switch. 

energy storage inductor. This greatly simplifies closed- A 1 2V bandgap reference biases the positive input of the 

loop frequency compensation under widely varying input error amplifier The negative input is brought out for 

voltage or output load conditions. Finally, it allows simple ou tput voltage sensing. This feedback pin has a second 
pulse-by-pulse current limiting to provide switch 

XTUPfflB 
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OPCRflTIOn 

function; when pulled low with an external resistor, it 
programs the LT1 170/LT1 171/LT1 1 72 to disconnect the 
main error amplifier output and connects the output of the 
flyback amplifier to the comparator input. The LT1 1 70/ 
LT1 1 71/LT1 1 72 will then regulate the value of the flyback 
pulse with respect to the supply voltage.* This flyback 
pulse is directly proportional to output voltage in the 
traditional transformer coupled flyback topology regula- 
tor. By regulating the amplitude of the flyback pulse, the 
output voltage can be regulated with no direct connection 
between input and output. The output is fully floating up to 
the breakdown voltage of the transformer windings. Mul- 
tiple floating outputs are easily obtained with additional 
windings. A special delay network inside the LT1170/ 
LT1 1 71/LT1 172 ignores the leakage inductance spike at 
the leading edge of the flyback pulse to improve output 
regulation. 

The error signal developed at the comparator input is 
brought out externally. This pin (Vc) has four different 
functions. It is used for frequency compensation, current 
limit adjustment, soft starting, and total regulator shut- 
down. During normal regulator operation this pin sits at a 
voltage between 0.9V (low output current) and 2.0V (high 
output current). The error amplifiers are current output 
(g m ) types, so this voltage can be externally clamped for 
adjusting current limit. Likewise, a capacitor coupled 
external clamp will provide soft start. Switch duty cycle 
goes to zero if the Vc pin is pulled to ground through a 
diode, placing the LT1 1 70/LT1 1 71 /LT1 1 72 in an idle mode. 
Pulling the Vc pin below 0.15V causes total regulator 
shutdown, with only 50pA supply current for shutdown 
circuitry biasing. See AN19 for full application details. 

Extra Pins on the MiniDIP and Surface Mount Packages 

The 8- and 16-pin versions of the LT1172 have the 
emitters of the power transistor brought out separately 
from the ground pin. This eliminates errors due to ground 
pin voltage drops and allows the user to reduce switch 
current Iimit2:1 by leaving the second emitter (E2) discon- 
nected. The first emitter (El ) should always be connected 
to theground pin. Note that switch “on” resistance doubles 
when E2 is left open, so efficiency will suffer somewhat 


when switch currents exceed 300mA. Also, note that chip 
dissipation will actually increase with E2 open during 
normal load operation, even though dissipation in current 
limit mode will decrease. See “Thermal Considerations” 
next. 

Thermal Considerations When Using the MiniDIP and 
SOL Packages 

The low supply current and high switch efficiency of the 
LT1172 allow it to be used without a heat sink in most 
applications when the TO-220 or TO-3 package is se- 
lected. These packages are rated at 50°C/W and 35°C/W 
respectively .The miniDIPs, however, are rated at 1 00°C/W 
in ceramic (J) and 130°C/W in plastic (N). 

Care should be taken for miniDIP applications to ensure 
that the worst case input voltage and load current condi- 
tions do not cause excessive die temperatures. The follow- 
ing formulas can be used as a rough guide to calculate 
LT1 172 power dissipation. For more details, the reader is 
referred to Application Note 19 (AN19), “Efficiency Calcu- 
lations” section. 

Average supply current (including driver current) is: 

Iin = 6mA + lsw(0-004 + DC/40) 

Isw = switch current 
DC = switch duty cycle 

Switch power dissipation is given by: 

Psw = (Isw ) 2 * Rsw * DC 

Rsw = LT1172 switch “on” resistance (IQ maximum) 

T otal power dissipation is the sum of supply current times 
input voltage plus switch power: 

Pd(TOT) = OinMVin) + Psw 

In a typical example, using a boost converter to generate 
1 2 V at 0.1 2A from a 5 V input, duty cycle is approximately 
60%, and switch current is about 0.65A, yielding: 

l| N = 6mA + 0.65(0.004 + DC/40) = 18mA 

P S W = (0.65) 2 * 1Q» (0.6) = 0.25W 

Pd(TOT) = (5V)(0.018A) + 0.25 = 0.34W 


*See note under block diagram. 
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opcnmion 

Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum am- 
bient temperature would be limited to 100°C (commercial 
temperature limit) minus 44°C, or 56°C. 

In most applications, full load current is used to calculate 
die temperature. However, if overload conditions must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1172 will 
protect the die in most applications by shutting off switch 
current. Thermal limit is not a tested parameter, however, 
and should be considered only for noncritical applications 
with temporary overloads. A second approach is to use the 
largerTO-220 (T) orTO-3 (K) package which, even without 
a heat sink, may limit die temperatures to safe levels under 
overload conditions. In critical situations, heat sinking of 
these packages is required; especially if overload condi- 
tions must be tolerated for extended periods of time. 

The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch “on” resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 
reduction in l 2 R switch dissipation under current limit 
conditions. 

The fourth approach is to clamp the Vc pin to a voltage less 
than its internal clamp level of 2 V. The LT1172 switch 
current limit is zero at approximately IV on the Vc pin and 
2A at 2 V on the Vq pin. Peak switch current can be 
externally clamped between these two levels with a diode. 
See AN19 for details. 


Synchronizing with Bipolar Transistor 



LT1 170/LT1 171/LT1 1 72 Synchronizing 

The LT1 170/LT1 171/LT1 172 can be externally synchro- 
nized in the frequency range of 1 20kHz to 1 60kHz. This is 
accomplished as shown in the accompanying figures. 
Synchronizing occurs when the Vc pin is pulled to ground 
with an external transistor. To avoid disturbing the DC 
characteristics of the internal error amplifier, the width of 
the synchronizing pulse should be under 0.3ps. C2 sets 
the pulse width at = 0.2ps. The effect of a synchronizing 
pulse on the LT 1 1 70/LT1 1 71/LT1 1 72 amplifier offset can 
be calculated from: 

JSMMI 

k 

^1= 26mV at 25°C 

q 

ts = pulse width 

fs = pulse frequency 

lc = Vc source current (=200pA) 

Vc = operating Vc voltage (IV to 2V) 

R3 = resistor used to set mid-frequency “zero” in 
frequency compensation network. 

With t s = 0.2ps, f s = 1 50kHz, V c = 1 .5V, and R3 = 2k, offset 
voltage shift is =3.8mV. This is not particularly bother- 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Vc pin to within 200mV of ground 
to ensure synchronizing. 




/XuntAB 

TECHNOLOGY 


4-441 





LT1170/LT1171 /LT1172 


TYPICAL APPLICATION 

Flyback Converter 



V|N - 


VSNUB 

_L 


CLAMP TURN-ON 
SPIKE 




^ - PRIMARY FLYBACK VOLTAGE = V ° u ^ +Vf 


VoUT + Vf 


LT1 170 SWITCH VOLTAGE 
AREA “a” = AREA “b” TO MAINTAIN 
ZERO DC VOLTS ACROSS PRIMARY 



SECONDARY VOLTAGE 

AREA “c” = AREA “d” TO MAINTAIN 

ZERO DC VOLTS ACROS SECONDARY 


PRIMARY CURRENT 


SECONDARY CURRENT 


IpRI 



LT1170 SWITCH CURRENT 

SNUBBER DIODE CURRENT 

1170/1/2 TA03 


LCD Contrast Supply 


5V* LI** 



V 1N AND BATTERY MAY BE TIED TOGETHER. MAXIMUM VALUE FOR V BAT IS EQUAL TO THE | NEGATIVE OUTPUT | + IV. WITH HIGHER 
BATTERY VOLTAGES, HIGHEST EFFICIENCY IS OBTAINED BY RUNNING THE LT1172 V tN PIN FROM 5 V. SHUTTING OFF THE 5V SUPPLY 
WILL AUTOMATICALLY TURN OFF THE LT1172. EFFICIENCY IS ABOUT 80% AT l 0UT = 25mA. 

R1 , R2, R3 ARE MADE LARGE TO MINIMIZE BATTERY DRAIN IN SHUTDOWN, WHICH IS APPROXIMATELY V BA t /(R1 + R2 + R3). 

FOR HIGH EFFICIENCY, LI SHOULD BE MADE ON A FERRITE OR MOLYPERMALLOY CORE. PEAK INDUCTOR CURRENTS ARE ABOUT 
600mA AT P 0U t = 0.7ft. INDUCTOR SERIES RESISTANCE SHOULD BE LESS THAN 0.4ft FOR HIGH EFFICIENCY. 

OUTPUT RIPPLE IS ABOUT 200mV P . P TO 400mV P . P WITH C2 = 2^F TANTALUM. IF LOWER RIPPLE IS DESIRED, INCREASE C2, OR ADD 
A 10ft , 1(0.F TANTALUM OUTPUT FILTER. ii 70 /i/2tao4 
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TYPICAL APPUCOTIOflS (Note that maximum output currents are divided by 2 for LT1171 , by 4 for LT1172.) 


Driving High Voltage FET External Current Limit 

(for Off-Line Applications, See AN25) 



Negative-to-Positive Buck-Boost Converted 


External Current Limit 


* REQUIRED IF INPUT LEADS >2" 

'* PULSE ENGINEERING 92114, COILTRONICS 50-2-52 
t THIS CIRCUIT IS OFTEN USED TO CONVERT -48V TO 5V. TO GUARANTEE 
FULL SHORT-CIRCUIT PROTECTION, THE CURRENT LIMIT CIRCUIT SHOWN 
IN AN19, FIGURE 39, SHOULD BE ADDED WITH Cl REDUCED TO 200pF. 



NOTE THAT THE LT1 170 
GND PIN IS NO LONGER 
COMMON TO V|n“ 



Negative Buck Converter 



jjrmm 
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TYPICAL APPLICATION 


Positive-to-Negative Buck-Boost Converter 



High Efficiency Constant Current Charger 



Backlight CCFL Supply (see AN45 for details) 


INPUT VOLTAGE t 
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TYPICAL APPUCOTIOnS 

High Efficiency 5V Buck Converter 



Positive Current Boosted Buck Converter 
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High Efficiency 
Step-Down and Inverting 
DC/DC Converter 


F€RTUR€S 


DCSCRIPTIOR 


■ High Efficiency: Up to 94% 

■ Usable in Noise-Sensitive Products* 

■ Short-Circuit Protection 

■ Optimized for 5 V to -5V Applications 

■ Wide V|n Range: 4V to 18.5V 

■ Low Dropout Operation 

■ Low-Battery Detector 

■ Pin Selectable Current Limit 

■ Internal 0.90 Power Switch: Vim = 9 V 

■ Only Four External Components Required 

■ 130pA Standby Current 

■ Active Low Micropower Shutdown 

RPPUCRTIORS 

■ Cellular Phones 

■ Step-Down Converters 

■ Inverting Converters 

■ Memory Backup Supply 

■ Portable Instruments 

■ Battery-Powered Equipment 


The LTC1174 is a simple current mode DC/DC converter 
ideally suited for 9 V to 5V, 5V to 3.3V, or 5 V to -5 V 
operation. With an internal 0.90 switch (at a supply 
voltage of 9V), the LTC1174 requires only four external 
components to construct a complete high efficiency 
DC/DC converter. 

Under a no load condition the LT1 174 draws only 130pA. 
In shutdown, it draws a mere IpA making this converter 
ideal for current sensitive applications. In dropout, the 
internal P-channel MOSFET switch is turned on continu- 
ously allowing the user to maximize the life of the battery 
source. 

The maximum inductor current of the LTC1174 family is 
pin selectable to either 340mA or 600mA, optimizing 
efficiency for a wide range of applications. Operation up to 
200kHz permits the use of small surface mount inductors 
and capacitors. 

For applications requiring higher output current or ultra- 
high efficiency, see the LTC1 148 data sheet. 

* Consult factory Applications Engineering for techniques to manage the 
output spectrum. 
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High Efficiency Step-Down Converter 




LOAD CURRENT (mA) 
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LTC1174 

LTC1174-3.3/LTC1 174-5 


absolute mnximum rrtirgs 

(Voltage Referred to GND Pin) 

Input Supply Voltage (Pin 6) 

LTC1174 -0.3V to 13.5 V 

LTC1174HV -0.3V to 18.5V 

Switch Current (Pin 5) 1A 

Switch Voltage (Pin 5) 

LTC1174 V| N - 13.5V 

LTC1174HV V| N - 18.5V 


Operating Temperature Range 0°C to 70°C 

Extended Commercial 

Temperature Range -40°C to 85°C 

Junction Temperature (Note 1) 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKAGE/ORDER IRFORmRTIOn 


TOP VIEW 


Vout (Vfb*) |T 
LBout HE 
LBimH 
GND (T 



T\ SHUTDOWN 
L\ I PGM 
j[] V IN 
J} SW 


N8 PACKAGE 
8-LEAD PLASTIC DIP 

* ADJUSTABLE OUTPUT VERSION 


ORDER PART 
NUMBER 


LTC1174CN8 

LTC1174CN8-3.3 

LTC1174CN8-5 

LTC1174HVCN8 

LTC1174HVCN8-3.3 

LTC1 1 74HVCN8-5 

LTC1 1 74IIM8 


TOP VIEW 

Vout (Vfb*) 

LBout 
LBin 
GND 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 


El 




T| SHUTDOWN 



'pgm 



T] Vin 

- 


T] sw 


* ADJUSTABLE OUTPUT VERSION 


Tjmax = 125°C, e JA = 110»C/W 


Tjmax = 125°C, Gja = 150°C/W 


ORDER PART 
NUMBER 


LTC1174CS8 
LTC1174CS8-3.3 
LTC1 174CS8-5 
LTC1174IS8 
LTC1 1 74HVCS8 
LTC1 1 74HVCS8-3.3 
LTC1 1 74HVCS8-5 


S8 PART MARKING 


1174 1174HV 
117433 1174H3 
117450 1174H5 
11741 


Consult factory for Military grade parts. 


ELECTRICAL CHARACTERISTICS Ta = 25°C, V|N = 9V, Vshutdown = Vin, Ipgm = 0V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

>FB 

Feedback Current 

LTC1 1 74/LTC1 1 74HV 


[ I rn 

pA 

Vfb 

Feedback Voltage 

LTC1 1 74/LTC1 1 74HV 

• 

1.20 

1.25 

1.30 

V 

Vout 

Regulated Output Voltage 

LTC1 1 74-3.3/LTC1 1 74HV-3.3 

• 

3.14 

3.30 

3.46 

V 



LTC1 1 74-5/LTC1 1 74HV-5 

• 

4.75 

5.00 

5.25 

V 

AVqut 

Output Voltage Line Regulation 

V||\| = 6V to 1 2 V, Iload = 1 00mA, Ipgm = Vin (Note 2) 



10 

70 

mV 


Output Voltage Load Regulation 

LTC1 174-3.3 (Note 2) 








20mA < Iload < 175mA, Ipgm = 0V 



-5 

-70 

mV 



20mA < Iload < 400mA, Ipgm = Vin 



-45 

-70 

mV 



LTC1 174-5 (Note 2) 








20mA < Iload < 175mA, Ipgm = 0V 



-5 

-70 

mV 



20mA < Iload < 400mA, Ipgm = Vin 



-50 

-70 

mV 
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electrical characteristics Ta = 25 C, Vin = 9V, Vshutdown = ^in> Ipgm = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Input DC Supply Current (Note 3) 

Active Mode 








LTC1174: 4V < V IN < 12V, Irgm = 0V 



450 

600 

pA 



LTC1174HV: 4V < V )N < 16V, I PG m = OV 



450 

600 

pA 



Sleep Mode 








LTC1174:4V<V, n <12V 



130 

180 

pA 



LTC1174HV: 4V<V tN <16V 



130 

180 

pA 



SHUTDOWN (Note 4) 








LTC1 174: Vshutdown = 0V, 4V<V, N <12V 



1 

10 

pA 



LTC1174HV: Vshutdown = OV, 4V < V, N < 16V 



2 

25 

pA 

Vlbtrip 

Low-Battery Trip Point 




1.25 

1.4 

V 

•lbin 

Current into Pin 3 



0.5 | 

pA 

Ilbout 

Current Sunk by Pin 2 

LTC1174:V LB out = 0.4V 


1.0 

1.2 

1.5 

mA 



LTC1174HV: V LBO ut = 0.4V 


0.6 

0.8 

1.5 

mA 

Vhyst 

Comparator Hysteresis 

LTC1 1 74/LTC1 1 74HV 


7.5 

15 

30 

mV 

IpEAK 

Current Limit 

IPGM = V|N. V 0 UT = OV 

• 

0.54 

0.60 

0.78 

A 



IpGM = OV, VouT = OV 

• 

0.27 

0.34 

0.50 

A 

R 0N 

ON Resistance of Switch 

LTC1174 

• 


0.75 

1.30 

Q 



LTC1174HV 

• 


0.90 

1.55 

Q 

tOFF 

Switch Off-Time (Note 5) 

Vout at Regulated Value 


3 

4 

5 

ps 

V|H 

SHUTDOWN Pin High 

Minimum Voltage at Pin 8 for Device to Be Active 


1.2 

V 

V|L 

SHUTDOWN Pin Low 

Maximum Voltage at Pin 8 for Device to Be in Shutdown 


0.75 

V 

IlH 

SHUTDOWN Pin Input Current 

LTC1 174: Vshutdown = 12V 




0.5 

pA 



LTC1174HV: Vshutdown = 16V 




2.0 


l|L 

SHUTDOWN Pin Input Current 

0 < Vshutdown ^ 0.8V 


0.5 | 

pA 


-40°C < T A < 85°C (Note 6), for LTC1174I only. 


SYMBOL 

PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vfb 

Feedback Voltage 

LTC1174I 


1.18 

1.25 

1.31 

V 

Ilbout 

Current Sunk by Pin 2 

Vlbout = 0-4 


0.75 

1.2 

2 

mA 

•peak 

Current Limit 

Ipgm = Vin, Vout = 0V 


0.54 

0.60 

0.78 

A 



Ipgm = 0V, Vout = 0V 



0.34 


A 

tOFF 

Switch Off-Time (Note 5) 

Vqut at Regulated Value 


2 

4 

6 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation P D according to the following formulas: 

LTC1174CN8, LTC1174CN8-3.3, LTC1174CN8-5: 

Tj = Ta + (Pdx110°C/W) 

LTC1174CS8, LTC1174CS8-3.3, LTC1174CS8-5: 

Tj = T a +(P D x150°C/W) 


Note 2: Guaranteed by design. 

Note 3: Dynamic supply current is higher due to the gate charge being 
delivered at the switching frequency. 

Note 4: Current into pin 6 only, measured without electrolytic input 
capacitor. 

Note 5: The off-time is wafer-sort trimmed. 

Note 6: The LTC1174I is not tested and not quality assurance sampled at 
-40°C and 85°C. These specifications are guaranteed by design and/or 
correlation. 
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LTC1174-3.3/LTC1 174-5 


TVPicni P€RFonmnnc€ characteristics 



LOAD CURRENT (mA) 



LOAD CURRENT (mA) 



1 10 100 500 

LOAD CURRENT (mA) 

1174G03 



1 10 100 300 

LOAD CURRENT (mA) 

1174 G04 



1 10 100 500 

LOAD CURRENT (mA) 

1174 G05 



1 10 100 500 

LOAD CURRENT (mA) 

1174G06 


Line Regulation 



1174G07 


Switch Leakage Current 
vs Temperature 



0 20 40 60 80 100 

TEMPERATURE (°C) 

1174 G08 


Efficiency vs Input Voltage 



5 6 7 8 9 10 11 12 13 14 

INPUT VOLTAGE (V) 

1174 G09 


Kool Mp® is a registered trademark of Magnetics, Inc. 
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typical P€RFORmnnc€ chrrrctcristics 


Efficiency vs Input Voltage 



5 6 7 8 9 10 11 12 13 14 

INPUT VOLTAGE (V) 

1174 GIO 



0 2 4 6 8 10 12 14 

INPUT VOLTAGE (V) 

1174G11 


500 

450 


400 

1350 

| 300 

| 250 
o 

> 200 
§5 150 

CO 

100 
50 
0 

0 2 4 6 8 10 12 14 

INPUT VOLTAGE (V) 


DC Supply Current 


'active mode 

IpGM = 0V 






esses 

— 



r 



m 

























SLEEI 

3 MOD 

E 






P 




1 







-Ta = 



25°C ’ 

1 







Operating Frequency 
vs V| N - Vqut 



0 1 2 3 4 5 6 7 8 9 


Switch Resistance vs 
Input Voltage 



4 6 8 10 12 14 16 18 20 



0 I l i u I i < *tn v-j.o | i | | 1 1 | 

0 1 2 3 4 5 


(Vin-Vqut) VOLTAGE (V) 


INPUT VOLTAGE (V) 


OUTPUT VOLTAGE (V) 


1174 G13 


1174 G14 


1174G15 



pin Funcnons 

Vout (Vfb) (Pin 1 ): Forthe LTC1 1 74, this pin connects to the 
main voltage comparator’s input. On the LTC1 174-3.3 and 
LTC1 174-5 this pin goes to an internal resistive divider 
which sets the output voltage. 

LBoui(Pin 2): Open Drain of an N-Channel Pull-Down. This 
pin will sink current when pin 3 (LBim) goes below 1 .25V. 
During shutdown this pin goes to high impedance. 

LBin (Pin 3): The Input of the Low-Battery Voltage 
Comparator. The “+” input is connected to a reference 
voltage of 1.25V. 

GND (Pin 4): Ground Pin. 


SW(Pin5): Drain of the P-Channel MOSFETSwitch. Cathode 
of Schottky diode must be closely connected to this pin. 

Vin (Pin 6): Input Supply Voltage. It must be decoupled 
close to ground pin 4. 

Ipgm (Pin 7): Selects the Current Limit of the P-Channel 
Switch. With Ipgm = Vin, the current trip point is 600mA and 
with Ipgm = 0V, the current trip value is reduced to 340mA. 

SHUTDOWN (Pin 8): Pulling this pin to ground keeps the 
internal switch off and puts the LTC1174 in micropower 
shutdown. 
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LTC1174 

LTC 1 1 74-3 .3/LTC 1 1 74-5 


Funcrionni DinGnnm (Pin 1 connection shown for LTC1 174-3.3 and LTC1174-5, changes create LT01174) 



* R1 = 51k FOR LTC1 174-3.3 
R1 = 93.5k FOR LTC1 174-5 


opcnnnon (Refer to Functional Diagram) 

The LTC1174 uses a constant off-time architecture to 
switch its internal P-channel power MOSFET. The off-time 
is set by an internal timing capacitor and the operating 
frequency is a function of Vin. 

The output voltage is set by an internal resistive divider 
(LTC1 174-3.3 and LTC1 174-5) or an external divider re- 
turned to Vfb pin 1 (LTC1174). A voltage comparator A1 
compares the divided output voltage to a reference voltage 
of 1.25V. 

To optimize efficiency, the LTC1 1 74 automatically switches 
between continuous and Burst Mode™ operation. The volt- 
age comparator is the primary control element when the 
device is in Burst Mode operation, while the current com- 
parator controls the output voltage in continuous mode. 

During the switch“ON” time, switch current flows through 
the 0.1Q sense resistor. When this current reaches the 
threshold of the current comparator A2, its output signal will 
change state, setting the flip-flop and turning the switch off. 


The timing capacitor, Cj, begins to discharge until its 
voltage goes below Vjhi. Comparator A4 will then trip, 
which resets the flip-flop and causes the switch to turn on 
again. Also, the timing capacitor is recharged. The inductor 
current will again ramp up until the current comparator A2 
trips. The cycle then repeats. 

When the load is relatively light, the LTC1 1 74 automatically 
goes into Burst Mode operation. The current mode loop is 
interrupted when the output voltage reaches the desired 
regulated value. The hysteretic voltage comparator A1 trips 
when Vout is above the desired output voltage, shutting off 
the switch and causing the timing capacitor to discharge. 
This capacitor discharges past Vjhi until its voltage drops 
below Vjh 2 - Comparator A5 then trips and a sleep signal is 
generated. 

In sleep mode, the LTC1174 is in standby and the load 
current is supplied by the output capacitor. All unused 


Burst Mode™ is a trademark of Linear Technology Corporation. 


4-452 


xry m 










LTC1174 
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OPCRflTIOn (Refer to Functional Diagram) 


circuitry is shut off, reducing quiescent current from 
0.45mA to 0.1 3mA. When the output capacitor discharges 
by the amount of the hysteresis of the comparator A1 , the 
P-channel switch turns on again and the process repeats 
itself. 

Operating Frequency and Inductor 


where toFF=4ps and Vd is the voltagedropacrossthediode. 
Note that the operating frequency is a function of the input 
and ouput voltage. 

Although the size of the inductor does not affect the fre- 
quency, it does affect the ripple current. The peak-to-peak 
ripple current is given by: 


Since the LTC1 1 74 utilizes a constant off-time architecture, 
its operating frequency is dependent on the value of \% The 
frequency of operation can be expressed as: 

f_ 1 r Mm ~ ^ouT / Hz 

toFF L Mn+Vq 


'ripple = 4x10 


^V 0UT + V[ A 



By choosing a smaller inductor, a low ESR output filter 
capacitor has to be used (see Cin and Cout)- Moreover, core 
loss will also increase (see Inductor Core Selection section) 
due to higher ripple current. 


nppucOTions inFORmOTion 

Inductor Core Selection 

With the value of L selected, the type of inductor must be 
chosen. Basically there are two kinds of losses in an 
inductor, core and copper 

Core losses are dependent on the peak-to-peak ripple 
current and the core material. However it is independent of 
the physical size of the core. By increasing the inductance 
the inductor’s peak-to-peak ripple current will decrease, 
therefore reducing core loss. Utilizing low core loss mate- 
rial, such as molypermalloy or Kool M|i will allow users to 
concentrate on reducing copper loss and preventing satu- 
ration. Figure 1 shows the effect of different core material on 
the efficiency of the LTC1 1 74. The CTX core is Kool Mpand 
the CTXP core is powdered iron (material 52). 

Although higher inductance reduces core loss, it increases 
copper lossas it requires more windings. When space is not 
a premium larger gauge wire can be used to reduce the wire 
resistance. This also prevents excessive heat dissipation. 

C|N 

In continuous mode the source current of the P-channel 
MOSFET is a square wave of duty cycle Vout/Vin. To prevent 
large voltage transients, a low ESR input capacitor sized for 



50 I I I I I mil I III Mill I III 

1 10 100 500 

LOAD CURRENT (mA) 



1 10 100 500 

LOAD CURRENT (mA) 

1174 F01 


Figure 1 . Efficiency Using Different Types of 
Inductor Core Material 
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flPPucOTions mFonmnnon 

the maximum RMS current must be used. The Cin RMS 
current is given by: 

W[Vdut( v in- v out) 1 / x 

Irms “ 7j (Arms) 

"in 

This formula has a maximum at Vin = 2Vqut, where Irms = 
Iout/2. This simple worst case is commonly usedfor design 
because even significant deviations do not offer much relief. 
Note that ripple current directly affects capacitor’s lifetime. 
DO NOT UNDERSPECIFYTHIS COMPONENT. An additional 
O.lpF ceramic capacitor is also required on Vin for high 
frequency decoupling. 

Cout 

To avoid overheating, the output capacitor must be sized to 
handle the ripple current generated by the inductor. The 
worst case RMS ripple current in the output capacitor is 
given by: 


'rms = (Arms) 

= 170mA or 300mA 

Although the output voltage ripple is determined by the 
hysteresis of the voltage comparator, ESR of the output 
capacitor is also a concern. Too high of an ESR will create 
a higher ripple output voltage and atthe same time cause the 
LTC1 174 to sleep less often. This will affect the efficiency of 
the LTC1174. For a given technology, ESR is a direct 
function of the volume of the capacitor. Several small-sized 
capacitors can also be paralleled to obtain the same ESR as 
one large can. Manufacturers such as Nichicon, Chemicon 
and Sprague should be considered for high performance 
capacitors. The OS-CON semiconductor dielectric capaci- 
tor available from Sanyo has the lowest ESR for its size, at 
a higher price. 

Catch Diode Selection 

The catch diode carries load current during the off-time. The 
average diode current is therefore dependent on the 
P-channel switch duty cycle. At high input voltages the 
diode conducts most of the time. As Vin approaches Vqut 


the diode conducts only a small fraction of the time. The 
most stressful condition for the diode is when the output is 
short-circuited. Under this condition the diode must safely 
handle Ipeak at close to 1 00% duty cycle. A fast switching 
diode must also be used to optimize efficiency. Schottky 
diodes are a good choice for low forward drop and fast 
switching times. Most LTC1 1 74 circuits will be well served 
by either a 1 1M581 8, an MBRS140T3oran MBR0520LSchot- 
% diode. 

Short-Circuit Protection 

The LTC1 174 is protected from output short by its internal 
current limit. Depending on the condition of Ipqm pin, the 
limit is either set to 340mA or 600mA. In addition, the off- 
time of the switch is increased to allow the inductor’s 
current to decay far enough to prevent any current build-up 
(see Figure 2). 



L= 1C%H 20(is/DIV 

V| N = 13.5V 


Figure 2. Inductor's Current with Output Shorted 


Low-Battery Detector 

The low-battery indicator senses the inputvoltage through 
an external resistive divider. This divided voltage connects 
to the input of a voltage comparator (pin 3) which is 
compared with a 1 .25V reference voltage. With the current 
going into pin 3 being negligible, the following expression 
is used for setting the trip limit: 


Vlbtrip =1 - 25 


, R4 
1 + R3 




J 
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V| N 



1174 F03 


Figure 3. Low-Battery Comparator 


LTC1174 Adjustable Applications 

The LTC1 1 74 develops a 1 .25V reference voltage between 
thefeedback (pin 1 ) terminal and ground (see Figure 4). By 
selecting resistor R1 , a constant current is caused to flow 
through R1 and R2 to set the overall output voltage. The 
regulated output voltage is determined by: 


v OUT = 1 25 


1 + 


R2 

R1 


A 


J 


INPUT VOLTAGE 
WTO 12V 


■Hi 


LBin 

SHUTDOWN 

LBqut 

VOUT 

ipGM 

SW 

LTC1174HV-5 


GND | 


X 

T 


0.1 jiF 


n 

■T 


2 x 47|xF* 
16V 


yYYYV 

50(xH** 


X _ 

^MBRS140T3 


2 x 47|iF* 
16V 


VoUT 
- -5V 


* AVX TPSD476K01 6 
** COILTRONICS CTX50-4 


45mA 

1174 F05 


Figure 5. Positive-to-Negative 5V Converter 


Figure 5, giving the circuit a 1.5V of headroom for %. 
Mote that the circuit can operate from a minimum of 4V, 
making it ideal for a 4 NiCad cell application. For a higher 
output current circuit, please referto the Typical Applica- 
tions section. 


For most applications, a 30k resistor is suggested for R1 . 
To prevent stray pickup, a lOOpF capacitor is suggested 
across R1 located close to the LTC1 1 74. 



1174 F04 


Figure 4. LTC1174 Adjustable Configuration 
Inverting Applications 

The LTC1174 can easily be set up for a negative output 
voltage. If — 5V is desired, the LTC1 1 74-5 is ideal for this 
application as it requires the least components. Figure 5 
shows the schematic for this application. Note that the 
output voltage is now taken off the GND pin. Therefore, 
the maximum input voltage is now determined by the 
difference between the absolute maximum voltage rating 
and the output voltage. A maximum of 1 2 V is specified in 


Board Layout Checklist 

When laying out the printed circuit board, the following 
checklist should be used to ensure proper operation of the 
LTC1174. These items are also illustrated graphically in 
the layout diagram in Figure 6. Check the following in your 
layout: 

1 . Is the Schottky catch diode closely connected between 
ground (pin 4) and switch (pin 5)? 

2. Is the “+” plate of Cin closely connected to Vin (pin 6)? 
This capacitor provides the AC current to the internal 
P-channel MOSFET. 

3. Is the O.lpF Vim decoupling capacitor closely conected 
between % (pin 6) and ground (pin 4)? This capacitor 
carries the high frequency peak currents. 

4. Is the SHUTDOWN (pin 8) actively p ulled to Vin during 
normal operation? The SHUTDOWN pin is high imped- 
ance and must not be allowed to float. 

5. Is the I pgm (pin 7) pulled either to Vin or ground? The 
I pgm pin is high impedance and must not be allowed 
to float. 
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Figure 6. LTC1174 Layout Diagram (See Board Layout Checklist) 


DESIGN EXAMPLE 


As a design example, assume Vin = 9V (nominal), Vqut = 
5V, and Iout = 350mA maximum. The LTC1 1 74-5 is used 
forthis application, with Ipgm (pin 7) connected to M^. The 
minmum value of L is determined by assuming the 
LTC1 174-5 is operating in continuous mode. 

I PEAK 

AVG GURREI\IT=loUT 

I PEAK + !y 

lv 2 

= 350mA 


TIME 

Figure 7. Continuous Inductor Current 




(example: Coiltronics CTX50-4). The operating frequency, 
neglecting voltage across diode Vr is: 


f = 2.5x1 0 5 
= 111kHz 


. Voui 

V IN 


With the value of L determined, the requirements for Cin 
and Cout are calculated. For Cin, its RMS current rating 
should be at least: 


1/2 

, 'out[ v out( v in — v out) 1 , v 
Irms= — ^ (A RM sj 

= 174mA 


With Iout = 350mA and Ipeak = 0.6A (Ipqm = Vin), ly = 
0.1 A.The peak-to-peak ripple inductor current, Iripple. is 
0.5A and is also equal to: 


Cripple = 4x10 


1-6 


Vqut + 


( a p-p) 


Solving for L in the above equation and with Vd = 0.6V, 
L = 44.8pH. The next higher standard value of L is 50pH 


For Cqut. the RMS current rating should be at least: 



= 300mA 

Now allow Virjto drop to 6V. Atthis minimum inputvoltage 
the operating frequency will decrease. The new frequency 
is 42kHz. 
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Table 1 . Inductor Manufacturers Table 2. Capacitor Manufacturers 


MANUFACTURER 

PART NUMBER MANUFACTURER 

PART NUMBER 

Coilcraft 

1102 Silver Lake Road 

Cary, IL 60013 
(708) 639-2361 

DT331 6 Series AVX Corporation 

P.O.Box 887 

Myrtle Beach, SC 29578 
(803) 448-9411 

TPS Series 

TAJ Series 

Coiltronics Inc. 

6000 Park of Commerce Blvd. 

Boca Raton, FL 33487 
(407) 241-7876 

Econo-Pac Nichicon America Corporation 

Octa-Pac 927 East State Parkway 

Schaberg, IL 60173 
(708)843-7500 

PL Series 

Gowanda Electronics Corporation 

1 Industrial Place 

Gowanda, NY 14070 
(716) 532-2234 

GA1 0 Series Sanyo Video Components 

2001 Sanyo Avenue 

San Diego, CA 92173 
(619) 661-6385 

OS-CON Series 

Sumida Electric Co. Ltd. 

637 E. Golf Road, Suite 209 

Arlington Heights, IL 60005 
(708) 956-0666/7 

CD 54 Series Attn: Sales Dept. 

CD /b Series 


TVPicni nppucOTions 



6V to 5 V Step-Down Regulator with Low-Battery Detection 


* LOW-BATTERY INDICATOR 
IS SET TO TRIP AT V| N = 5.5V 
“AVX TPSD476K016 
D1 = MBRS140T3 (SURFACE MOUNT) 
1N5818 

t LI SELECTION 


MANUFACTURER 

PART NO. 

TYPE 

COILTRONICS 

SUMIDA 

GOWANDA 

CTX100-4 

CD75-101 

GA10-103K 

SURFACE MOUNT 
SURFACE MOUNT 
THROUGH HOLE 


INPUT VOLTAGE 
6V 


£4.7k 

‘LOW- 
BATTERY 
INDICATOR 
M62k 




IpSM 

SHUTDOWN 

LBqut 

X': - : %rr 

LTC1 174-5 

LB IN 

sw 


GND 


I 


X771L 




2 x 

47|iF“ 

16V 




"5"di IOOhH +l_ 

T ~r 


2 

: 47(XF** 
16V 


v 0UT 
5 V 

365mA 


High Efficiency 3.3V Regulator 


INPUT VOLTAGE 
4V TO 12.5V ' 



( _7_ 

fpGM 


_3 

LB|N 


2 

LTI 

lbout 

* AVX TPSD226K025 



* AVXTPSD476K016 
t COILTRONICS CTX50-4 
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High Efficiency 3V Regulator 



V 0UT 

3V 

450mA 


1174TA05 


Positive-to-Negative (-5V) Converter 


* LOW-BATTERY INDICATOR 
IS SET TO TRIP AT V ]N = 4.4V 
* * AVX TPSD1 06K035 
*** AVX TPSD105K010 
D1 = MBRS130LT3 (SURFACE MOUNT) 
1N5818 

f L1 SELECTION 


Vin(V) 

•out MAX(mA) 

4 

110 

6 

140 

8 

170 

10 

200 

12.5 

235 


MANUFACTURER 

PART NO. 

TYPE 

COILTRONICS 

CTX50-3 

SURFACE MOUNT 

COILCRAFT 

DT331 6-473 

SURFACE MOUNT 

SUMIDA 

CD54-470 

SURFACE MOUNT 

GOWANDA 

GA10-472K 

THROUGH HOLE 


INPUT VOLTAGE 
4V TO 12.5V 



Positive-to-Negative (-3.3V) Converter 


* LOW-BATTERY INDICATOR 
IS SET TO TRIP AT V )N = 4.4V 

* * AVX TPSD336K020 

* * * AVX TPSD1 05K01 0 

D1 = MBRS140T3 (SURFACE MOUNT) 
1N5818 

f LI SELECTION 


V IN (V) 

louTMAx(mA) 

4 

175 

5 

205 

6 

230 

7 

255 


MANUFACTURER 

PART NO. 

TYPE 

COILTRONICS 

CTX50-3 

SURFACE MOUNT 

COILCRAFT 

DT331 6-473 

SURFACE MOUNT 

SUMIDA 

CD54-470 

SURFACE MOUNT 

GOWANDA 

GA10-472K 

THROUGH HOLE 


INPUT VOLTAGE 
4V TO 13.5V 
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Negative Boost Converter 


* AVX TPSD336K020 
D1 = MBRS140T3 (SURFACE MOUNT) 
1N5818 

t LI SELECTION 


MANUFACTURER 

PART NO. 

TYPE 

COILTRONICS 

CTX50-3 

SURFACE MOUNT 

COILCRAFT 

DT331 6-473 

SURFACE MOUNT 

SUMIDA 

CD54-470 

SURFACE MOUNT 

GOWANDA 

GA10-472K 

THROUGH HOLE 



9V to 5V Pre-Post Regulator 


INPUT 



VoUT 

5V 

150mA 

IpF 

SOLID 

TANTALUM 


1174TA09 


LCD Display Power Supply 



VOUT 
-24V 
50mA AT 
V| N = 9V 


jrwrn 
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9V to 5V.-5V Outputs 


INPUT VOLTAGE 
4V TO 12.5V 



9V to 12V, -12V Outputs 


* AVX TAJD226K035 
** WIMAMKS2 
1 COILTRONICS CTX100-4 
USE 1% METAL FILM RESISTORS 


Vin(V) 

•out MAX(mA) 

4 

20 

5 

25 

6 

35 

7 

45 

8 

50 

9 

55 

10 

62 

11 

67 

12 

73 


INPUT VOLTAGE 
4V TO 12.5V 



v OUT 

12V 

55mA AT 
V,n = 9V 


-VOUT 


-12V 
55mA AT 


V,n = 9V 
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Automatic Current Selection 


INPUT 



VOUT 
5 V 

OmA TO 
320mA 


Buck-Boost Converter 


* SANYO OS-CON 
** WIMA MKS2 
f COILTRONICS CTX100-4 


LIB 



LI A 


INPUT VOLTAGE 
4VT012V 


J 


Vir: 

■ 

IPSM 

SHUTDOWN 

ill 

LBjn, 

Vqut 


ITC1174HV-5 


LBqut 

sw 


HI 





I L2A f 
,M00nH 


■ 100|aF* 
- 20V 


T 1 LI A^2 ^ 

IOOm-H 

I 


100|aF* 

16V 


Battery Charger 


AVX TAJD226K020 

Vim(V) 

■out MAx(mA) 

8 

320 

AVX TAJD1 07K01 0 

9 

325 

= MBRS140T3 

10 

330 

(SURFACE MOUNT) 

11 

335 

1N5818 

LI SELECTION 

12 

335 


MANUFACTURER 

PART NO. 

TYPE 

COILTRONICS 

CTX50-2P 

SURFACE MOUNT 

COILCRAFT 

DT331 6-473 

SURFACE MOUNT 

SUMIDA 

CD54-470 

SURFACE MOUNT 

GOWANDA 

GA10-472K 

THROUGH HOLE 


INPUT VOLTAGE 
8V TO 12.5V 



VoutTO 

4 NiCAD BATTERY 
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■ 1 ,2A On-Board Switch 

■ 100kHz Switching Frequency 

■ Excellent Dynamic Behavior 

■ DIP and Surface Mount Packages 

■ Only 8mA Quiescent Current 

■ Preset 5 V Output Available 

■ Operates Up to 35 V Input 

■ Micropower Shutdown Mode 

nppucmions 

■ Buck Converter with Output Voltage Range of 
2.5V to 30V 

■ Positive-to-Negative Converter 

■ Negative Boost Converter 

■ Mulitple Output Buck Converter 

DCSCMPTIOn 

The LT1 1 76 is a 1 A monolithic bipolar switching regulator 
which requires only afew external parts for normal opera- 


Step-Down 
Switching Regulator 

tion. The power switch, all oscillator and control circuitry, 
and all current limit components are included on the chip. 
The topology is a classic positive “buck” configuration but 
several design innovations allows this device to be used as 
a positive-to-negative converter, a negative boost con- 
verter, and as a flyback converter. The switch output is 
specified to swing below ground. 

The LT1176 uses a true analog multiplier in the feedback 
loop. This makes the device respond nearly instantaneously 
to input voltage fluctuations and makes loop gain indepen- 
dent of input voltage. As a result, dynamic behavior of the 
regulator is significantly improved over previous designs. 

On-chip pulse by pulse current limiting makes the LT1176 
nearly bust-proof for output overloads or shorts. The input 
voltage range as a buck converter is 8 V to 35V, but a self- 
boot feature allows input voltages as low as 5 V in the 
inverting and boost configurations. 

The LT1176 is available in a low cost 8-lead DIP package 
with frequency preset at 100kHz and current limit at 1 .7A 
An adjustable output is offered as well as a preset 5 V 
version. For further design details and application help, see 
the LT1 074/LT1 076 data sheet and Application Note 44. 
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Basic 5V Positive Buck Converter 

LI* 



HURRICANE #HL-AG210LL 


THESE ARE LOW COST POWDERED IRON CORES. OPTIMUM EFFICIENCY 
AND SMALLEST SIZE IS OBTAINED BY USING A LOW LOSS CORE SUCH 
AS MAGNETICS INC. KOOL Mpi. SEE EFFICIENCY GRAPH. 



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
LOAD CURRENT (A) 


LT1 176/76-5 *TA02 
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LT 1 1 76/ LT 1 1 76-5 


rrsoiutc maximum ratirgs 


PRCKRG6/ORD6R IRFORmRTIOR 


Input Voltage 38 V 

Switch Voltage With Respect to Input Voltage 50 V 

Switch Voltage With Respect to Ground Pin 

(Vsw Negative) (Note 6) 20V 

Feedback Pin Voltage -2 V, 10V 

Shutdown Pin Voltage (Not to Exceed Vin) 35V 

Status Pin Voltage 

(Current Must Be Limited to 5mA When Status Pin 

Switches “ON”) 30V 

Ium Pin Voltage (Forced) 5.5V 

Maximum Operating Ambient Temperature Range 

LT1 1 76C/LT 1 1 76C-5 0°Cto70°C 

Maximum Operating Junction Temperature Range 

LT1 1 76C/LT 1 1 76C-5 0°Cto125°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


*These thermal resistance numbers are for typical mounting technique. Lower thermal resistance 
can be obtained with large copper lands, thermal glues or heatsinks. 


TOP VIEW 

Vin 
Ilim 
GND 
FB/SENSE 

N8 PACKAGE 
8-LEAD PLASTIC DIP 



j] v S w 
T]v c 

1T| STATUS 
T] SHUTDOWN 


ORDER PART 
NUMBER 


LT1176CN8 

LT1176CN8-5 


Tj MAX = 1 25°C, 0ja = 90°C/ W* 


TOP VIEW 


V|N EC 


O 

13 v sw 

NC [T 



19] NC 

•lim HE 



53 v c 

GND [T 



53 GND 

GND [T 



53 GND 

GND |T 



53 GND 

GND | T 



53 GND 

NC [T 



53 STATUS 

FB/SENSE [T 



53 SHUTDOWN 

NC [To 



53 NC 


S PACKAGE 


20-LEAD PLASTIC SOL 

Tjmax 

= 125 °C, 0ja = 5O°C/W* 


ORDER PART 
NUMBER 


LT1176CS 

LT1176CS-5 


Consult factory for Industrial and Military grade parts. 


€L€CTRICRl CHRRRCTCRISTICS Tj = 25 C, V| N = 25V, unless otherwise noted 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Switch “ON” Voltage (Note 1) 

lsw = 0-2A 

• 



1.1 

V 


•sw= 1A 

• 



1.4 

V 

Switch “OFF” Leakage 

V, N = 25V, V S w = 0 




150 

mA 


Vin = Vmax. Vsw = 0 (Mote 7) 




250 

mA 

Supply Current (Note 2) 

V FB = 2.5V, Vim < 35 V 

• 


7.5 

10 

mA 


Vshdn = 0.1V (Device Shutdown) (Note 8) 

• 


140.0 

300 

pA 

Minimum Supply Voltage 

Normal Mode 

• 


7.3 

8.0 

V 


Startup Mode (Note 3) 

• 


3.5 

4.8 

V 

Switch Current Limit (Note 4) 

Ilim Open 

• 

1.2 

1.7 

2.2 

A 


Rum = 10k (Note 5) 



1.2 


A 


Rum = 7k (Note 5) 



0.8 


A 

Maximum Duty Cycle 


• 

85 

90 


% 

Switching Frequency 



90 

100 

110 

kHz 



• 

85 


120 

kHz 


V FB = 0V Through 2k (Note 4) (LT1176) 



20 


kHz 


Vsense = 0V (Note 4) (LT1 176-5) 



20 


kHz 

Switching Frequency Line Regulation 

8V < Vin < V MAX (Mote 7) 

• 


0.03 

0.1 

%/V 

Error Amplifier Voltage Gain (Note 9) 

1V< V C <4V 


| 2000 

V/V 

Error Amplifier Transconductance (Note 9) 



3700 

5000 

8000 

pmho 

Error Amplifier Source and Sink Current 

Source (V F b = 2 V or Vsense = 4V) 


100.0 

140.0 

225.0 

pA 


Sink (V FB = 2.5V or Vsense = 5.5V) 


0.7 

1.0 

1.6 

mA 
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€l€CTRICAl CHRRRCT6MSTICS Tj = 25°C, V|n = 25V, unless otherwise noted 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Feedback Pin Bias Current (LT1176) 

Vfb = Vref 

• 


0.5 

2 

mA 

Reference Voltage (LT1176) 

V C = 2V 

• 

2.155 

2.21 

2.265 

V 

Reference Voltage Tolerance (LT1176) 

V REF (Nominal) = 2.21V 



±0.5 

±1.5 

% 


All Conditions of Input Voltage, Output 

Voltage, Temperature and Load Current 

• 


±1.0 

±2.5 

% 

Sense Voltage (LT1 176-5) 

V c = 2V 

• 

4.85 

5 

5.15 

V 

Sense Voltage Tolerance (LT1 176-5) 

Vout (Nominal) = 5 V 



±0.5 

±2 

% 


All Conditions of Input Voltage, 

Temperature and Load Current 

• 


±1.0 

±3 

% 

Sense Pin Divider Resistance (LT1 176-5) 



3 

5 

8 

kQ 

Output Voltage Line Regulation 

8V < Vin < V M ax (Note 7) 

• 


0.005 

0.02 

%/V 

Vc Voltage at 0% Duty Cycle 




1.5 


V 


Over Temperature 

• 


-4.0 


mV/°C 

Multiplier Reference Voltage 



| 24 ! 

V 

Shutdown Pin Current 

Vshdn = 5V 

• 

5 

10 

20 

mA 


VsHDN ^ VjHRESHOLD (=2.5V) 

• 



50 

mA 

Shutdown Thresholds 

Switch Duty Cycle = 0 

• 

2.2 

2.45 

2.7 

V 


Fully Shut Down 

• 

0.1 

0.30 

0.5 

V 

Status Window 

As a Percent of Output Voltage 


±4 

±5 

±6 

% 

Status High Level 

'status = IOjliA Sourcing 

• 

3.5 

4.5 

5.0 

V 

Status Low Level 

'status = 1 -8mA Sinking 

• 


0.25 

0.4 

V 

Status Delay Time 



9 

MS 

Status Minimum Width 



30 

MS 


The • denotes specifications which apply over the full operating tempera- 
ture range. 

Note 1: To calculate maximum switch “ON” voltage at current between 
low and high conditions, a linear interpolation may be used. 

Note 2: A feedback pin voltage (Vfb) of 2.5 V forces the Vc pin to its low 
clamp level and the switch duty cycle to zero. This approximates the zero 
load condition where duty cycle approaches zero. The LT1 176-5 has 
Vsense = 5.5V. 

Note 3: Total voltage from V| N pin to ground pin must be >8 V after start- 
up for proper regulation. 

Note 4: Switch frequency is internally scaled down when the feedback pin 


voltage is less than 1 .3V to avoid extremely short switch-on times. During 
testing, Vfb or Vsense is adjusted to give a minimum switch-on time of 
Ips. 

Note 5: l LM = (Rum - 1 k)/7.65k 

Note 6: Switch to input voltage limitation must also be observed. 

Note 7: V M ax = 35V 

Note 8: Does not include switch leakage. 

Note 9: Error amplifier voltage gain and transconductance are specified 
relative to the internal feedback node. To calculate gain and 
transconductance from the sense pin (Output) to the V c pin on the 
LT1 176-5, multiply by 0.44. 


Application Hints 

Although the LT1 1 76 has a peak switch rating of 1 ,2A and a maximum duty 
cycle of 85%, it must be used cautiously in applications which require high 
switch current and high duty cycle simultaneously, to avoid excessive chip 
temperature. Thermal resistance is 90°C/W for the 8-pin DIP package and 
50°C/W for the 20-pin SO. This limits continuous chip power dissipation to 
the 0.5W to 1 W range. These numbers assume typical mounting techniques. 
Extra or thick copper connected to the leads can reduce thermal resistance. 
Bonding the package to the board or using a clip style heatsink can also help. 
The following formulas will give chip power dissipation and peak switch 
current for the standard buck converter. Note that surges less than 30 
seconds do not need to be considered from a thermal standpoint, but for 
proper regulation, they must not result in peak switch currents exceeding the 
1.2A limit. 


Power = Iload (VoutA/in) + Vin [7mA + 3mA (Vout/Vin) + 0.012 (Iload)] 
■peak = Iload(peak) + [Vout (Vin - Vout)]/2E 5 (V| N )(L) 

Example: Vim = 15V, Vout = 5 V, I LOA d = 0.5A Continuous, 0.8A Peak, 

L = lOOpH 

Power (Iload = 0.5A) = 0.38W 
■peak (Iload = 0-8A) = 0.97A 

Where component size or height is critical, we suggest using solid 
tantalum capacitors (singly or in parallel), but be sure to use units rated 
for switching applications. Coiltronics is a good source for low profile 
surface mount inductors and AVX makes high quality surface mount 
tantalum capacitors. For further help, use Application Notes 19 and 44, 
LTC’s SwitcherCAD computer design program, and our knowledgeable 
application department. 
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2.35V hs. CURRENT LIMIT 

|_J + ^^SHUTDOWN 



ANALOG 
X MULTIPLIER 
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FCATURCS 

■ Wide Input Voltage Range: 3.5V to 30 V 

■ Low Quiescent Current: 7mA 

■ Internal 7.5A Switch 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Available in Standard and Surface Mount 
5-Pin Packages 

■ Can Be Externally Synchronized 
(See LT1072 Data Sheet) 

nppucRTions 

■ High Efficiency Boost Converter 

■ PC Power Supply with Multiple Outputs 

■ Battery Upconverter 

■ Negative-to-Positive Converter 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional 
description of the LT1 268B/LT 1 268. Application circuits are included to show the capability of the 
LT 1 268B/LT 1 268. A complete design manual (AN1 9) should be obtained to assist in developing new 
designs. This manual contains a comprehensive discussion of both the LT1070 and the external 
components used with it, as well as complete formulas for calculating the values of these 
components. The manual can also be used forthe LT1268B/LT1268 factoring in the higher switch 
current rating and higher operating frequency. 


LT1268B/LT1268 

7.5A, 150kHz 
Switching Regulators 

DCSCRIPTIOfl 

The LT1268B and LT1268 are monolithic high power 
switching regulators. Identical to the popular LT1070, 
except for switching frequency (150kHz) and higher 
switch current, they can be operated in all standard 
switching configurations including buck, boost, flyback, 
and inverting. A high current, high efficiency switch is 
included on the die along with all oscillator, control, and 
protection circuitry. Integration of all functions allows 
the LT 1 268 to be built in standard 5-pin power packages. 
This makes it extremely easy to use and provides “bust 
proof” operations similar to that obtained with 3-pin 
linear regulators. 

The LT1268 operate with supply voltages from 3.5V to 
30V and draw only 7mA quiescent current. By utilizing 
current mode switching techniques, it provides excellent 
AC and DC load and line regulation. 

The LT 1 268 use an adaptive anti-sat switch drive to allow 
very wide ranging load currents with no loss in efficiency. 
An externally activated shutdown mode reduces total 
supply current to 1 OOpA typical for standby operation. 


TYPICAL APPUCRTIOR 


Boost Regulator with 5.3V ±1% Output 



**COILTRONICS CTX2-5-52 

Optional. D2 and D3 are used to increase 

UNDERVOLTAGE LOCKOUT FROM 2.7V TO =4V. 


Efficiency of 5.3V Boost Converter 
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LT1268B/LT1268 


absolute mnximum ratirgs packagc/ordcr irforriatior 


Supply Voltage 30V 

Switch Output Voltage 60V 

Feedback Pin Voltage (Transient, 1ms) ±15V 

Operating Junction Temperature Range 

Operating 0°C to125°C 

Short-Circuit 0°C to 140°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


FRONT VIEW 


5 

l Vin 

4 

1 Vsw 

O 3 

= — n GND 

2 

1 FB 

1 

=1 v c 


Q PACKAGE 
5-LEAD DD 


ORDER PART 
NUMBER 


LT1268CQ 

LT1268BCQ 


Tjmax = 125°C, 0jc = 2°C/W, 0j A = See Notes 5 and 6 


FRONT VIEW 


Vin 

Vsw 

GND 

FB 

V C 


T PACKAGE 
5-LEAD TO-220 

Tjmax = 125°C, 0 JC - 2°C/W, e JA = 50°C/W 



ORDER PART 
NUMBER 


LT1268CT 

LT1268BCT 


Consult factory for Industrial and Military parts 


CLCCTRICRL CHARACTERISTICS Vin = 15V, Vc = 0.5V, Vfb = V REF , switch pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage Measured at 

LT1268B 


1.235 

1.244 

1.253 

V 


Feedback Pin (Note 4) 


• 

1.224 

1.244 

1.264 

V 


Reference Voltage 

LT1268 


1.224 

1.244 

1.264 

V 




• 

1.214 

1.244 

1.274 

V 

>B 

Feedback Input Current 

Vfb = Vref 



350 

750 

nA 




• 



1100 

nA 

9m 

Error Amplifier Transconductance 

Ale = ±25pA 


3000 

4400 

6000 

(imho 




• 

2400 


7000 

lomho 


Error Amplifier Source or Sink Current 

V C = 1.5V 


150 

200 

350 

pA 




• 

120 


400 

pA 


Error Amplifier Clamp Voltage 

Hi Clamp, V FB = IV 


1.80 


2.30 

V 



Lo Clamp, V FB = 1.5V 


0.25 

0.38 

0.52 

V 


Reference Voltage Line Regulation 

3V < V,|\| < V MAX . V C = 0.8V 

• 

0.03 

%/v 

Av 

Error Amplifier Voltage Gain 

0.9V <V C < 1.4V 


500 

800 


v/v 


Minimum Input Voltage 


• 


2.8 

3.0 

V 

Iq 

Supply Current 

3V < V,n < V MAX , V c = 0.6V 



7 

10 

mA 


Control Pin Threshold 

Duty Cycle = 0 


0.7 

0.9 

1.08 

V 




• 

0.5 


1.25 

V 

BV 

Output Switch Breakdown Voltage 

3 V < V| N < Vmax. Isw = 5mA 

• 

60 

75 


V 

VsAT 

Output Switch-ON Resistance 

Tj < 100°C 



0.12 

0.18 

Q 


(Note 1,3) 

Tj < 125°C 




0.22 

Q 


Control Voltage to Switch 

Current Transconductance 



12 

A/V 

lUM 

Switch Current Limit (Note 3, 6) 

Duty Cycle = 50%, Tj < 1 00°C 

• 

7.50 


15 

A 



Duty Cycle = 65%, Tj<100°C 

• 

6.50 


14 

A 
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LT1268B/LT1268 


ELECTRICAL CHARACTERISTICS V| N = 15V, Vc = 0.5V, Vfb = Vr E f, switch pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

AI|m 

A| SW 

Supply Current Increase 

During Switch-OI\l Time 



25 45 

mA/A 

f 

Switching Frequency 


• 

120 150 180 

120 180 

kHz 

kHz 

DCmax 

Maximum Switch Duty Cycle 



65 85 92 

% 


Shutdown Mode Supply Current 

3V<V| N <V MA x,V C = 0.05V 


100 500 

MA 


Shutdown Mode Threshold Voltage 

3V < % < VmaX 

• 

100 150 250 

50 300 

mV 

mV 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Measured with Vc in hi clamp, Vfb = 0.8V. 

Note 2: For duty cycles (DC) between 50% and 65%, minimum guaranteed 
switch current is given by Ilim = 6.25 (1 .7 - DC). 

Note 3: Minimum current limit is reduced by 0.5A at 1 25°C. 100°C test 
limits are guaranteed by correlation to 125°C tests. 

Note 4: LT1268B reference voltage is specified at ±9mV to guarantee ±1% 
output voltage accuracy when 0.1% external resistors are used to set 
output voltage. To maintain output accuracy under load, load current 
should be taken from the case and the ground pin should be connected 
separately to output ground. See AN1 9 for details. 

Note 5: The Q package is intended for surface mount without a separate 
heat sink. See graph for thermal resistance as a function of the mounting 
area. This curve assumes no other heat dissipators adjacent to package. 
Note 6: Maximum switch current may be limited by package power 
dissipation, especially for the surface mount (Q) package. This package 


has a thermal resistance of 20°C/W to 50°C/W (see graph). The following 
formula will allow an estimate of maximum continuous switch current as a 
function of power loss and duty cycle. See AN19 for more details. 

Imax = a/rsv^Tdc 

P = Power dissipation due to switch current 
R sw = Switch-ON resistance =0.15Q 
DC = Switch duty cycle 

In a typical application where thermal resistance is 30°C/W, maximum 
power might be limited to 2W and power allocated to switch loss is 1.5W. 
For a duty cycle of 40%, this yields 

Imax = Vo.15 x 0.4 = 5A 

Obviously, a combination of high thermal resistance and high duty cycle 
may restrict switch current to a value well below the 7.5A electrical limit. 


TYPICAL P€RFORmRRC€ CHARACTERISTICS 


Switch Current Limit vs Duty Cycle 



0 10 20 30 40 50 60 70 80 90 100 


Switch Saturation Voltage 



Q Package Thermal Resistance 


60 
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£ 30 
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:-sided 
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), lozCI 
<\>100c 
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DUTY CYCLE (%) 


SWITCH CURRENT (A) 


TOP SURFACE COPPER AREA (cm 2 ) 


LT1268-TPC01 


LT1268 * TPC02 
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LT1268B/LT1268 


TYPICAL APPUCflTIOn 

Boost Converter (5V TO 12V) 



LT1268-TA03 
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LT1270A/LT1270 


F€OTUR€S 

■ Wide Input Voltage Range: 3.5 V to 30V 

■ Low Quiescent Current: 7mA 

■ Internal 8A Switch (10A for LT1270A) 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Shutdown Mode Draws Only 1 0OjuA Supply Current 

■ Flyback-Regulated Mode Has Fully Floating Outputs 

■ Comes in Standard 5-Pin Package 

■ Can be Externally Synchronized 
(See LT1072 Data Sheet) 

nppucOTions 

■ High Efficiency Buck Converter 

■ PC Power Supply with Multiple Outputs 

■ Battery Upconverter 

■ Negative-to-Positive Converter 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs and a general functional 
description of the LT1270A/LT1270. Application circuits are included to show the capability of the 
LT 1 270A/LT 1 270. A complete design manual (AN-19) should be obtained to assist in developing 
new designs. AN-19 contains a comprehensive discussion of both the LT1070 and the external 
components used with it, as well as complete formulas for calculating the values of these 
components. AN-19 can also be used for the LT 1 270A/LT 1 270 by factoring in the higher switch 
current rating and higher operating frequency. 

A comprehensive CAD program called SwitcherCad is also available. Contact the local sales office 
in your area or the factory direct. 


8A and 10A High Efficiency 
Switching Regulators 

DCSCMPTIOn 

The LT1270A/LT1 270 are monolithic high power switch- 
ing regulators. Identical to the popular LT1 070, except for 
switching frequency (60kHz) and higher switch current, 
they can be operated in all standard switching configura- 
tions including buck, boost, flyback, and inverting. A high 
current, high efficiency switch is included on the die along 
with all oscillator, control, and protection circuitry. Inte- 
gration of all functions allows the LT1 270A/LT1 270 to be 
built in a standard T0-220 power package. This makes it 
extremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin linear regulators. 

The LT1270A/LT1270 operate with supply voltages from 
3.5V to 30V, and draw only 7mA quiescent current. By 
utilizing current-mode switching techniques, they provide 
excellent AC and DC load and line regulation. 

The LT 1 270A/LT 1 270 use adaptive anti-sat switch drive to 
allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re- 
duces total supply current to 100gA typical for standby 
operation. 


TVPicM. Appucmion 


High Efficiency 1 Buck Converter 




0 5 10 15 20 25 30 

INPUT VOLTAGE (V) 


LT1270 • TA02 

‘MULTIPLY BY 1.2 FOR LT1270A. 

BUCK MODE OUTPUT POWER « (7.5A)(V 0U t) 

Transformer turns ratio must be 

OPTIMUM TO ACHIEVE FULL POWER 
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LT1270A/LT1270 


absolute mnximum rrtirgs prckrgc/order mFORmnnon 


Supply Voltage 30V 

Switch Output Voltage 60V 

Feedback Pin Voltage (Transient, 1ms) ±15V 

Operating Junction Temperature Range 

LT1 270AC/LT1 270C (Oper.) 0°C to 1 25°C 

LT1 270AC/LT1 270C (Short-Ckt) 0°C to 140°C 

Storage Temperature Range -65°c to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


o 


5 

4 

3 

2 

Ol 


3 V IN 

1 Vsw 

□ GND 

I FB 

□ V C 


T PACKAGE 
5-LEAD T0-220 

Tjmax = 100°C, 0 JA = 2°C/W, 0 JA = 50°C/W 


ORDER PART 
NUMBER 

LT1270CT 

LT1270ACT 


Consult factory for Industrial and Military grade parts. 


CLCCTRICRl CHARACTERISTICS Vim = 15V, Vg = 0.5V, VpQ = V REF , switch pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 


1.224 

1.244 

1.264 

V 



V c = 0.8V 

• 

1.214 

1.244 

1.274 

V 

•b 

Feedback Input Current 

Vfb = Vref 



350 

750 

nA 







1100 

nA 

gm 

Error Amplifier 

1 

LO 

CM 

+1 

O 

<3 


3000 

4400 

6000 

pmho 


Transconductance 


• 

2400 


7000 

pmho 


Error Amplifier Source of 

V c = 1.5V 


150 

200 

350 

pA 


Sink Current 


• 

120 


400 

pA 


Error Amplifier Clamp Voltage 

Hi Clamp, V FB = IV 


1.80 


2.30 

V 



Lo Clamp, V F b = 1.5V 


0.25 

0.38 

0.52 

V 


Reference Voltage Line Regulation 

3V < V| N < V MA x. V C = 0.8V 

• 

0.03 

%/V 

Ay 

Error Amplifier Voltage Gain 

0.9V <V C < 1.4V 


500 

800 


V/V 


Minimum Input Voltage 

i 

• 


2.8 

3.0 

V 

Iq 

Supply Current 

3V<V, n <V M ax.V C = 0.6V 



7 

10 

mA 


Control Pin Threshold 

Duty Cycle = 0 


0.70 

0.90 

1.08 

V 




• 

0.50 


1.25 

V 


Normal/Flyback Threshold 
on Feedback Pin 



0.40 

0.45 

0.54 

V 

Vfb 

Flyback Reference Voltage 

Ifb = 50pA 


15.0 

16.3 

17.6 

V 




• 

14.0 


18.0 

V 

Vfb 

Change in Flyback Reference 

Voltage 

0.05 < Ifb < 1mA 


4.5 

6.8 

8.5 

V 


Flyback Reference Voltage 

I fb = 50mA 



0.01 

0.03 

%/V 


Line Regulation 

3 V < Vim < Vmax 







Flyback Amplifier 

Transconductance (gm) 

AIq = ±10pA 


150 

300 

650 

pm ho 


Flyback Amplifier Source 

Vc = 0.6V Source 

• 

15 

32 

70 

pA 


and Sink Current 

Ipb = 50pA Sink 

• 

25 

40 

70 

pA 

BV 

Output Switch Breakdown 

3 V < V||\| < Vmax 

• 

60 

75 


V 


Voltage 

Isw = 1 -5mA 






VSAT 

Output Switch ON 

Tj < 100°C 



0.12 

0.18 

Q 


Resistance (Note 1,3) 

Tj < 125°C 




0.22 

Q. 


Control Voltage to Switch 

Current Transconductance 



12 

A/V 
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U1270A/LT1270 


ELECTRICAL CHARACTERISTICS Vim = 15V, Vc = 0.5V, Vpg = V REF , switch pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Ilim 

Switch Current Limit (LT1270) 

Duty Cycle = 50%, Tj < 100°C 

% 

8 


16 

A 


(Note 3) 

Duty Cycle = 80%, Tj < 1 00°C 

• 

6 


14 

A 

Ilim 

Switch Current Limit (LT1270A) 

Duty Cycle = 50%, Tj < 100°C 

• 

10.0 


16.0 

A 


(Note 3) 

Duty Cycle = 80%, Tj < 1 00°C 

• 

7.5 


14.0 

A 

A!in 

Supply Current Increase 




25 

40 

mA/A 

Alsw 

During Switch-ON Time 







f 

Switching Frequency 



50 

60 

70 

kHz 




• 

50 


70 

kHz 

DCmax 

Maximum Switch Duty Cycle 



80 

92 

95 

% 


Flyback Sense Delay Time 


i 

1.5 

MS 


Shutdown Mode Supply Current 

3V<V| N £V max , V C = 0.05V 



100 

400 

mA 


Shutdown Mode Threshold Voltage 

3 V < Vim < V M ax 


100 

150 

250 

mV 




• 

50 


300 

mV 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Measured with Vc in Hi Clamp, Vfb = 0.8V. 

Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 


switch current is given by Ilim = 6.67 (1.7 - DC) for the LT1270 and Ilim 
8.33 (1.7 -DC) for the LT1270A. 

Note 3: Minimum current limit is reduced by 0.5A at 125°C. 100°C test 
limits are guaranteed by correlation to 125°C tests. 


TYPICAL PCRFORmnnce CHARACTERISTICS 


Switch Current Limit vs Duty Cycle 



DUTY CYCLE (%) 


LT1270*TA03 



SWITCH CURRENT (A) 

LT1 270 • TA04 
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LT1270A/LT1270 


TVPicni nppucnnons 


Boost Converter (5V to 12V) 



Negative-to-Positive Buck-Boost Converter 



Negative Buck Converter 




‘REQUIRED IF INPUT LEADS >2" 
“PULSE ENGINEERING #PE-92115 
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F€RTUR€S 

■ Wide Input Voltage Range 3.5V to 30V 

■ Low Quiescent Current: 7mA 

■ Internal 4A Switch 

■ Very Few External Parts Required 

■ Self Protected Against Overloads 

■ Shutdown Mode Draws Only 100pA Supply Current 

■ Flyback Regulated Mode Has Fully Floating Outputs 

■ Comes in Standard 5-Pin Package 

■ Can Be Externally Synchronized (See LT1 072 Data Sheet) 

rppucrtiors 

■ Boost Converter 

■ High Efficiency Buck Converter 

■ PC Power Supply with Multiple Outputs 

■ Battery Up-Converter 

■ Negative-to-Positive Converter 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional, 
description of the LT1 271/LT1 269. Application circuits are included to show the capability of the 
LT 1 271 /LT 1 269. A complete design manual (AN-1 9) should be obtained to assist in developing new 
designs. This manual contains a comprehensive discussion of both the LT1070 and the external 
components used with it, as well as complete formulas for calculating the values of these 
components. The manual can also be used for the LT1 271/LT1 269 by factoring in the higher switch 
current rating and higher operating frequency. 


4A High Efficiency 
Switching Regulators 

DCSCRIPTIOR 

The LT1 271 and LT1 269 are monolithic high power switch- 
ing regulators. Identical to the popular LT 1 070, except for 
switching frequency (LT1 271 = 60kHz, LT1 269= 100kHz) 
and slightly lower switch current, they can be operated in 
all standard switching configurations including buck, boost, 
flyback, and inverting. A high current, high efficiency 
switch is included on the die along with all oscillator, 
control, and protection circuitry. Integration of all func- 
tions allows the LT1271/LT1 269 to be built in a standard 
T0-220 power package. This makes them extremely easy 
to use and provides “bust proof” operation similar to that 
obtained with 3-pin linear regulators. 

The LT1271/LT1269 operate with supply voltages from 
3.5V to 30V, and draw only 7mA quiescent current. By 
utilizing current mode switching techniques, they pro- 
vides excellent AC and DC load and line regulation. 

A patented adaptive anti-sat switch drive allows very wide 
ranging load currents with no loss in efficiency. An exter- 
nally activated shutdown mode reduces total supply cur- 
rent to lOOpA typical for standby operation. 


High Efficiency 5V Regulator with Burst Mode 




0 5 10 15 20 25 30 

INPUT VOLTAGE (V) 


BUCK MODE OUTPUT POWER » (3.5A)(V OU t) 
t TRANSFORMER TURNS RATIO MUST BE 
OPTIMUM TO ACHIEVE FULL POWER. LT 1271 rm 
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LT1271/LT1269 


rbsoiut€ mnximum rrtirgs 


Supply Voltage 30V 

Switch Output Voltage 60V 

Feedback Pin Voltage (Transient, 1ms) ±15V 


Operating Junction Temperature Range 

(Oper.) 0°Cto+100°C 

(Short Ckt.) 0°C to +125°C 

Storage Temperature Range - 65°C to +150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


r>RCKflG€/oftD€ft inFORmnTion 


FRONT VIEW 


' 5 


4 

0 3 

2 





i 1 



Q PACKAGE 
5-LEAD PLASTIC DD 


ORDER PART 
NUMBER 


LT1271CQ 

LT1269CQ 


Tj MAX = 1 00°c, e JC = 4”C/W, 9ja = 30«C/W* 


FRONT VIEW 



T PACKAGE 
5-LEAD TO-220 


V|N 

V SW 

GND 

FB 

V C 


ORDER PART 
NUMBER 


LT1271CT 

LT1269CT 


Tj MAX = 1 00°C, 6 jc = 4°C/W, 0 JA = 50°C/W 


TOP VIEW 
Vsw 
Vsw 
NC 

I GND 
GND 
GND 
GND 
AGND 

V C 

FB 

S PACKAGE 
20-LEAD PLASTIC SOL 



20] V SW 
U V SW 
18] NC 

T7] gnd! 

13 GND I POWER 
15] GND I SWITCH 
13 gndJ 

HI V|fj 

m nc 

TT] nc 


Tj max = 1 00°C, 0jc = 4°C/W, 0 JA = 50°C/W* * 


ORDER PART 
NUMBER 


LT1269CS 


* With device soldered to 1/2 square inch of loz copper over backside or ** 0 will vary from approximately 40°C/W with 0.75 sq. in. of 1 oz copper 
internal layer ground plane. to 46°C/W with 0.33 sq. in. of 1 oz copper 

Consult factory for Industrial and Military grade parts. 



€l€CTMCni CHRRRCTCRISTICS V| N = 15V, Vq = 0.5V, Vpb = Vref, switch pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 


1.224 

1.244 

1.264 

V 



V c = 0.8V 

• 

1.214 

1.244 

1.274 

V 

Ib 

Feedback Input Current 

Vfb = Vref 



350 

750 

nA 




• 



1100 

nA 

gm 

Error Amplifier 

AIq = ±25|llA 


3000 

4400 

6000 

[imho 


Transconductance 


• 

2400 


7000 

irmho 


Error Amplifier Source or 

V C = 1.5V 


150 

200 

350 

pA 


Sink Current 


• 

120 


400 

pA 


Error Amplifier Clamp 

Hi Clamp, V FB = 1V 


1.8 


2.3 

V 


Voltage 

Lo Clamp, V F b = 1.5V 


0.25 

0.38 

0.52 

V 


Reference Voltage Line 

Regulation 

3V < V|n < V MAX , V C = 0.8V 

• 

0.03 

%/V 

Av 

Error Amplifier Voltage Gain 

0.9V <V C < 1.4V 


500 

800 


V/V 


Minimum Input Voltage (Note 3) 


• 


2.8 

3.0 

V 

Iq 

Supply Current 

3V < V||\| < V MAX . V C = 0.6V 



7 

10 

mA 


rrunm 
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LT1271/LT1269 


€i€CTRicni cHnnncTcmsTics Vim = 15V, Vq = 0.5V, Vpb = Vref, switch pin open, unless otherwise noted. 


SYMBOL 

PARAMETER 

| CONDITIONS | 

MIN TYP MAX 

UNITS 


Control Pin Threshold 

Duty Cycle = 0 

• 

0.7 0.9 1.08 

0.5 1.25 

V 

V 


Normal/Flyback Threshold 
on Feedback Pin 



0.4 0.45 0.54 

V 

v fb 

Flyback Reference Voltage 

Ifb = 50pA 

• 

15 16.3 17.6 

14 18 

V 

V 

Change in Flyback 

Reference Voltage 

0.05<I F b<1hA 


4.5 6.8 8.5 

V 


Flyback Reference Voltage 

Line Regulation 

l F B = 50pA 

3V < V, N < Vmax 


0.01 0.03 

%/v 


Flyback Amplifier 

Transconductance (gm) 

Al c = ±1 OpA 


150 300 650 

mmho 


Flyback Amplifier Source 
and Sink Current 

Vc = 0.6V Source 

l F B = 50pA Sink 

• 

• 

15 32 70 

25 40 70 

mA 

mA 

BV 

Output Switch Breakdown 

Voltage 

3V< V,n< V MA x 

Isw = 1.5mA 

• 

60 75 

V 

VsAT 

Output Switch (Note 1) 

“On” Resistance 


• 

0.2 0.33 

Q 


Control Voltage to Switch 

Current Transconductance 



6.4 

A N 

■iJM 

Switch Current Limit (Note 2) 

Duty Cycle = 50% 

Duty Cycle = 80% 

• 

• 

4 8 

3.2 8 

A 

A 

AIjn_ 

Alsw 

Supply Current Increase 

During Switch On-Time 



25 40 

mA/A 

f 

Switching Frequency 

LT1271 

LT1269 

• 

• 

50 60 70 

85 100 115 

kHz 

kHz 

DC (max) 

Maximum Switch Duty Cycle 

LT1271 

LT1269 


85 92 95 

80 90 95 

% 

% 


Flyback Sense Delay Time 



1.5 

fiS 


Shutdown Mode 

Supply Current 

3V < V, N < Vmax, V C = 0.05V 


100 400 

pA 


Shutdown Mode 

Threshold Voltage 

3V<V, n <V M ax 

• 

100 150 250 

50 300 

mV 

mV 


The • denotes the specifications which apply over the full operating Note 2: For duty cycles (DC) between 50% and 85%, minimum 

temperature range. guaranteed switch current is given by Ilim = 2.67 (2 - DC). 

Note 1 : Measured with V c in hi clamp, V F b = 0.8V. Note 3: Minimum input voltage. 
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Switch Current Limit vs Duty Cycle 



0 10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 

LT1271 G01 


Switch Saturation Voltage 



0 1 2 3 4 5 

SWITCH CURRENT (A) 

LT1271 G02 


tvpicrl nppucOTions 



Boost Converter (5V to 12V) 



5V 



Negative Buck Converter 
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/TlinCAB 

TECHNOLOGY Micropower High Efficiency 
3.3/5V Step-Up DC/DC Converter 


FCATURCS 

■ Up to 220mA Output Current at 5V from 2 V Supply 

■ Supply Voltage as Low as 1 .8V 

■ Up to 88% Efficiency 

■ Small Inductor -lOpH 

■ 120jliA Quiescent Current 

■ Shutdown to IOjjA 

■ Programmable 3.3V or 5V Output 

■ Ilim Pi n Programs Peak Switch Current 

■ Low Vcesat Switch: 170mV at 1 A Typical 

■ Uses Inexpensive Surface Mount Inductors 

■ 8-Lead DIP or SOIC Package 

application 

■ Palmtop Computers 

■ Portable Instruments 

■ Bar-Code Scanners 

■ DC/DC Converter Module Replacements 

■ Battery Backup Supplies 

■ Personal Digital Assistants 

■ PCMCIA Cards 


DCSCRIPTIOA 

The LT1 300 isa micropowerstep-up DC/DC converterthat 
utilizes Burst Mode™ operation. The device can deliver 5V 
or 3.3V from a two-cell battery input. It features program- 
mable 5V or 3.3V output via a logic-controlled input, no- 
load quiescent current of 1 20pA and a shutdown pin which 
reduces supply current to 1 OpA. The on-chip power switch 
has a low 1 70mV saturation voltage at a switch current of 
1A, a four-fold reduction over prior designs. A 155kHz 
internal oscillator allows the use of extremely small sur- 
face mount inductors and capacitors. Operation is guaran- 
teed at 1 ,8V input. This allows more energy to be extracted 
from the battery increasing operating life. The Ilim pin can 
be used to program peak switch current with a single 
resistor allowing the use of less expensive and smaller 
inductors and capacitors in lighter load applications. The 
LT 1 300 is available in an 8-lead SOIC package, minimizing 
board space requirements. For a 5V/12V Selectable Out- 
put Converter see the LT1301. For increased output cur- 
rent see the LT1302. 

Burst Mode is a trademark of Linear Technology Corporation. 


TYPICAL APPUCATIOAS 


Two-Cell to 3.3V/5V Step-Up Converter 


LI 



LI = COILCRAFT D01608-103 
OR SUMIDA CD54-100 
Cl = AVX TPSD1 07M01 0R01 00 
OR SANYO OS-CON 16SA100M 


5V Output Efficiency 



1 10 100 500 

LOAD CURRENT (mA) 


D1 = MBRS130LT3 
OR 1N5817 


LT1300TA2 
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absolute mnximum ratiags 


V|n Voltage 10V 

SW1 Voltage 20 V 

Sense Voltage 10V 

SHUTDOWN Voltage 10V 

SELECT Voltage 10V 

Ilim Voltage 0.5V 

Maximum Power Dissipation 500mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IflFORmBTSOn 


GND |T 
SEL |T 
SHDN [Y 
SENSE |T 

TOP VIEW 



T] PGND 

7] SW 

T] V|N 

A] Ilim 

ORDER PART 
NUMBER 

LT1300CN8 

LT1300CS8 

N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

S8 PART MARKING 

TjMAX = 100°C,ejA = 150°C/W 

1300 


Consult factory for Industrial grade parts. 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vin = 2 V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

Vshdn = 0.5V, Vsel = 5V, Vsense = 5.5V 

• 


120 

200 

pA 



VsHDN = 1-8V 

• 


7 

15 

pA 

V|N 

Input Voltage Range 



1.8 



V 




• 

2.0 



V 

VOUT 

Output Sense Voltage 

Vsel = 5V 

• 

4.80 

5.0 

5.20 

V 



V S EL = 0V 

• 

3.15 

3.3 

3.45 

V 


Output Referred 

Vsel = 5V (Note 1) 

• 


22 

50 

mV 


Comparator Hysteresis 

V S EL = 0V (Note 1) 

• 


14 

35 

mV 


Oscillator Frequency 

Current Limit not Asserted. See Test Circuit. 


120 

155 

185 

kHz 


Oscillator TC 



0.2 ! 

%/°C 

DC 

Maximum Duty Cycle 



75 

86 

95 j 

% 

tON 

Switch On Time 

Current Limit not Asserted. 


5.6 i 

ps 


Output Line Regulation 

1.8V < V| N < 6V 

• 


0.06 

0.15 

%/V 

VCESAT 

Switch Saturation Voltage 

Isw = 700mA 

• 


130 

200 

mV 


Switch Leakage Current 

V sw = 5V, Switch Off 

• 


0.1 

10 

pA 


Peak Switch Current 

Ilim Floating (See Typical Application) 


0.75 

1.0 

1.25 

A 


(Internal Trip Point) 

Ium Grounded 



0.4 


A 

VSHDNH 

Shutdown Pin High 


• 

1.8 

V 

VSHDNL 

Shutdown Pin Low 



0.5 

V 

VsELH 

Select Pin High 


• 

1.5 

V 

VsELL 

Select Pin Low 


• 

0.8 

V 

ISHDN 

Shutdown Pin Bias Current 

Vshdn = 5V 

• 


9 

20 

pA 



Vshdn = 2V 

• 


3 


pA 



Vshdn = 0V 

• 


0.1 

1 

pA 

ISEL 

Select Pin Bias Current 

0V < V S el < 5V 

• 


1 

3 

pA 


The • denotes specifications which apply over the 0°C to 70°C Note 1: Hysteresis specified is DC. Output ripple may be higher if 

temperature range. output capacitance is insufficient or capacitor ESR is excessive. See 

applications section. 
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GND (Pin 1): Signal Ground. 

Sel (Pin 2): Output Select. When tied to or Vout 
converter regulates at 5 V. When grounded converter 
regulates at 3.3V. 

SHDN (Pin 3): Shutdown. Pull high to effect shutdown. Tie 
to ground for normal operation. 

Sense (Pin 4): “Output” Pin. 

Ium (Pin 5): Float for 1 A switch current limit. Tie to ground 
for approximately 400mA. A resistor between I U m and 
ground sets peak current to some intermediate value (see 
Figure 5). 


Vin (Pin 6): Supply Pin. Must be bypassed with a large 
value electrolytic to ground. A O.lpF ceramic capacitor 
close to the pin may be needed in some cases. 

SW (Pin 7): Switch Pin. Connect inductor and diode here. 
Keep layout short and direct to minimize electronic radia- 
tion. 

PGND (Pin 8): Power Ground. Tie to signal ground (pin 1 ) 
under the package. Bypass capacitor from Vin should be 
tied directly to the pin. 


BLOCK DMGRnm 
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LT 1300 


T€ST CIRCUIT 


Oscillator Test Circuit 


5V 



OPCRRTIOR 

Operation of the LT1 300 is best understood by referring to 
the Block Diagram in Figure 1 . When A1 ’s negative input, 
related to the Sense pin voltage by the appropriate resis- 
tor-divider ratio, is higherthatthe 1 .25 V reference voltage, 
A1 ’s output is low. A2, A3 and the oscillator are tu rned off, 
drawing no current. Only the reference and A1 consume 
current, typically 120pA. When the voltage at Al’s nega- 
tive input decreases below 1 ,25V, overcoming A1 's 6mV 
hysteresis, A1 ’s output goes high, enabling the oscillator, 
current comparator A2, and driver A3. Quiescent current 
increases to 2mA as the device prepares for high current 
switching. Q1 then turns on in a controlled saturation for 
(nominally) 5.3ps or until current comparator A2 trips, 
whichevercomesfirst. Afte r a fixed off-time of (nominally) 
1 .2ps, Q1 turns on again. The LT 1 300’s switching causes 
current to alternately build up in LI and dump into capaci- 
tor C2 via D1, increasing the output voltage. When the 
output is high enough to cause A1 ’s output to go to low, 
switching action ceases. C2 is left to supply current to the 
load until Vout decreases enough to force Al’s output 
high, and the entire cycle repeats. 

If switch current reaches 1 A, causing A2 to trip, switch on- 
time is reduced and off-time increases slightly. This allows 
continuous mode operation during bursts. Current com- 
parator A2 monitors the voltage across 3fl resistor R1 
which is directly related to inductor Li’s current. Q2’s 
collector current is set by the emitter-area ratio to 0.6% 
of Q1 ’s collector current. When R1 ’s voltage drop exceeds 
1 8mV, corresponding to 1 A inductor current, A2’s output 
goes high, truncating the on-time portion of the oscillator 
cycle and increasing off-time to about 2ps as shown in 
Figure 2, trace A. This programmed peak current can be 


TRACE A 
500mA/DIV 
Ilim PIN 
OPEN 


TRACE B 
500mA/DIV 
Ilim PIN 
GROUNDED 

20|iS/DIV LT1300F2 

Figure 2. Switch Pin Current With Ium Floating or Grounded 

reduced by tying the Ilim pin to ground, causing 1 5pA to 
flow through R2 into Q3’s collector. Q3’s current causes 
a 10.4mV drop in R2 so that only an additional 7.6mV is 
required across R1 to turn off the switch. This corre- 
sponds to a 400mA switch current as shown in Figure 2, 
trace B. The reduced peak switch current reduces l 2 R 
loses in Q1 , LI , Cl and D1 . Efficiency can be increased by 
doing this provided that the accompanying reduction in 
full load output current is acceptable. Lower peak currents 
also extend alkaline battery life due to the alkaline cell’s 
high internal impedance. Typical operating waveforms are 
shown in Figure 3. 

VoUT 
20mV/DIV 
AC COUPLED 


Vsw 

5V/DIV 


■sw 
IA/DIV 

20jjS/DIV 

Figure 3. Burst Mode Operation in Action 
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Output Voltage Selection 

The LT1300 can be selected to 3.3V or 5 V under logic 
control or fixed at either by tying SELECT to ground or Vin 
respectively. It is permissible to tie SELECT to a voltage 
higher than V| N as long as it does not exceed 10V. 
Efficiency in 3.3V mode will be slightly less that in 5V mode 
due to the fact that the diode drop is a greater percentage 
of 3.3 V than 5 V. Since the bipolar switch in the LT1300 
gets its base drive from V in, no reduction in switch 
efficiency occurs when in 3.3V mode. When Vin exceeds 
the programmed output voltage the output will follow the 
input. This is characteristic of the simple step-up or 
“boost” converter topology. A circuit example that pro- 
vides a regulated output with an input voltage above or 
below the output (called a buck-boost or SEPIC) is shown 
in the Typical Applications section. 

Shutdown 

The converter can be turned off by pulling SHDN (pin 3) 
high. Quiescent current drops to 10pA in this condition. 
Bias current of 3pA to 5pA flows into the pin (at 2.5V input). 
It is recommended that SHDN not be left floating. Tie the 
pin to ground if the feature is not used. 


LI 

-TYVYV. 




V|N 

SW 

_+ 

_C1 

SELECT 

SENSE 


— IOOmF 

LT1300 


- 

- — 

SHDN 

•lim 



PGND 

GND 


it-* 


X 


5V/3.3V 
" OUTPUT 


. C2 
- 100pF 


L I ^£" oii= j- 

Figure 4. Addition of R1 and C3 Limit Input Current at Startup 



Ium Function 

The LT1300’s current limit (Ium) pin can be used for soft 
start. Upon start-up, switching regulators require maxi- 
mum current from the supply. The high currents flowing 
can create IR drops along supply and ground lines and 
are especially demanding on alkaline batteries. By in- 
stalling an R1 and C3 as shown in Figure 4, the switch 
current in the LT1 300 is limited to 400mA until the 1 5pA 
flowing out of the Ium P in charges up the 0.1 (xF capaci- 
tor. Input current is held to under 500mA while the 
output voltage ramps up to 5 V as shown in Figure 5. The 
1 Meg resistor provides a discharge path for the capacitor 
without appreciably decreasing peak switch current. When 
the full capability of the LT1300 is not required, peak 
current can be reduced by changing the value of R3 as 
shown in Figure 6. With R3 = 0, switch current is limited 
to approximately 400mA. 


Figure 5. Startup Waveforms using Soft-Start Circuitry 
Iload = 1 00mA, Vout = 5V 



100 Ik 10k 100k 1M 

Rum (Q) 

LT130OF1B 

Figure 6. Peak Switch Current vs. Rum 
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Table 1. Recommended Inductors 


PART NUMBER 

VENDOR 

L(MH) 

DCR (Q) 

Ium PIN 

EFFICIENCY Z.5V| N ,5V 0 ut 

COMPONENT 
HEIGHT (mm) 

PHONE NUMBER 

50mA LOAD 

200mA LOAD 

DOI 608-1 03 

Coilcraft 

10 

0.11 

Float 

83 

83 

3.5 

(708) 639-6400 

D0331 6-223 

Coilcraft 

22 

0.050 

Float 

85 

85 

5.5 


DOI 608-223 

Coilcraft 

22 

0.31 

Ground 

85 

— 

3.5 


CTX10-1 

Coiltronics 

10 

0.038 

Float 

85 

85 

4.2 

(407) 241-7876 

CTX20-1 

Coiltronics 

20 

0.175 

Ground 

86 

— 

4.2 


LQH3C2204K0M00 

Murata-Frie 

22 

0.7 

Ground 

81 

— 

2.0 

(404) 436-1300 

CD54-100M 

Sumida 

10 

0.11 

Float 

85 

85 

4.5 

(708) 956-0666 

CDRH62-220M 

Sumida 

22 

0.38 

Ground 

84 

— 

3.0 


CDRH62-100M 

Sumida 

10 

0.17 

Float 

81 

82 

3.0 


GA10-102K 

Gowanda 

10 

0.038 

Float 

85 

86 

6.6 Through-Hole 

(716) 532-2234 


Inductor Selection 

For full output power, the inductor should have a satura- 
tion current rating of 1 .25A for worst-case current limit, 
although it is acceptable to bias an inductor 20% or more 
into saturation. Smaller inductors can be used in conjunc- 
tion with the Ium pin. Efficiency is significantly affected by 
inductor DCR. For best efficiency limit the DCR to 0.03L2 
or less. Toroidal types are preferred in some cases due to 
their closed design and inherent EMI/RFI superiority. 
Recommended inductors are listed in Table 1. 

Capacitor Selection 

Low ESR capacitors are required for both input and output 
of the LT1300. ESR directly affects ripple voltage and 
efficiency. For surface mount applications AVX TPS series 
tantalum capacitors are recommended. These have been 
specially designed for SMPS and have low ESR along with 
high surge current ratings. For through-hole application 
Sanyo OS-CON capacitors offer extremely low ESR in a 
small size. Again, if peak switch current is reduced using 
the Ium pin, capacitor requirements can be relaxed and 
smaller, higher ESR units can be used. Low frequency 
output ripple can be reduced by adding multiple output 
capacitors. If capacitance is reduced, output ripple will 
increase. Suggested capacitor sources are listed in Table 2. 


Table 2. Recommended Capacitors 


VENDOR 

SERIES 

TYPE 

PHONE# 

AVX 

TPS 

Surface Mount 

(803)448-9411 

Sanyo 

OS-CON 

Through-Hole 

(619) 661-6835 

Panasonic 

HFQ 

Through-Hole 

(201) 348-5200 


Diode Selection 

Best performance is obtained with a Schottky rectifier 
diode such as the 1N5817. Phillips Components makes 
this in surface mount as the PRLL5817. Motorola makes 
the MBRS130LT3 which is slightly better and also in 
surface mount. For lower output power a 1N4148 can be 
used although efficiency will suffer substantially. 

Layout Considerations 

The LT1 300 is a high speed, high current device. The input 
capacitor must be no more than 0.2” from Vin (pin 6) and 
ground. Connect the PGND and GND (pins 8 and 1) 
together under the package. Place the inductoradjacent to 
SW (pin 7) and make the switch pin trace as short as 
possible. This keeps radiated noise to a minimum. 
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TYPICAL APPLICATION 


Four-Cell to 5V/3.3V Up-Down Converter 


Step-Up Converter with Automatic Output Disconnect 



'*C1, C2, C3 = SANYO OS-CON 16SA100M 



LCD Contrast Supply 




mm 
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F€RTUR€S 

■ 12V at 120mA from 5V or 3.3V Supply 

■ Supply Voltage as Low as 1 .8 V 

■ Better Than CMOS 

■ Up to 89% Efficiency 

■ 120pA Quiescent Current 

■ Shutdown to lOpA 

■ Programmable 5V or 12V Output 

■ Low Vcesat Switch: 170mV at 1 A Typical 

■ I|_im Pin Programs Peak Switch Current 

■ Uses Inexpensive Surface Mount Inductors 

■ 8-Lead DIP or SOIC Package 

flppucflnons 

■ Flash Memory Vpp Generator 

■ Palmtop Computers 

■ Portable Instruments 

■ Bar-Code Scanners 

■ Personal Digital Assistants 

■ PCMCIA Cards 


Micropower High Efficiency 
5V/12V Step-Up DC/DC 
Converter for Flash Memory 

DCSCRIPTIOn 

The LT1 301 is a micropower step-up DC/DC converter that 
utilizes Burst Mode™ operation. The device can deliver 5V 
or 1 2 V from a two-cell battery input. It features program- 
mable 5 V or 12V output via a logic-controlled input, no- 
load quiescent current of 1 20pA and a shutdown pin which 
reduces supply current to 1 0pA. The on-chip power switch 
has a low 170mV saturation voltage at a switch current of 
1A, a four-fold reduction over prior designs. A 155kHz 
internal oscillator allows the use of extremely small sur- 
face mount inductors and capacitors. Operation is guaran- 
teed at 1 ,8 V input. This allows more energy to be extracted 
from the battery, increasing operating life. The Ilim P<n can 
be used for soft start or to program peak switch current 
with a single resistor allowing the use of even smaller 
inductors in lighter load applications. The LT1301 is 
available in an 8-lead SOIC package, minimizing board 
space requirements. For a selectable 3.3V/5V step-up 
converter, please see the LT1300. For higher output 
power, see the LT1302. 

Burst Mode is a trademark of Linear Technology Corporation. 


TVPICRL RPPUCRTIORS 


5V 

OR 

3.3V 



lO.lpF* 



LI = COILCRAFT D03316-333 
OR SUMIDA CD73-330KC 
D1 = 1 N581 7 OR MOTOROLA 
MBRS130LT3 

Cl = AVX TPSD476M01 6R01 00 
OR SANYO OS-CON 165A47M 
C2 = AVXTPSD336M020R0100 
OR SANYO OS-CON 205A33M 


Output Voltage 



Efficiency 



LOAD CURRENT (mA) 

LT1301 TA2 


Figure 1. 3.3V/5V to 12V Step-Up Converter 
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MsoiUTc mnximum rrtirgs 


/in Voltage 10V 

5W1 Voltage 20V 

Jense Voltage 20V 

Shutdown Voltage 10V 

Select Voltage 10V 

lim Voltage 0.5V 

toimum Power Dissipation 500mW 

)perating Temperature Range 

LT1301C 0°C to 70°C 

LT1301I -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

.ead Temperature (Soldering, 10 sec) 300°C 


PRCKRGE/ORDER IRFORmOTIOn 



TOP VIEW 


ORDER PART 
NUMBER 

GND [T 
SEL |T 
SHDN |T 
SENSE \± 


¥ ] PGND 

7] sw 

ID V|N 

3 *LIM 

LT1301CN8 

LT1301CS8 

LT1301IS8 

N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

S8 PART MARKING 

Tjmax 

= ioo o c,e JA =i50 o c/w 

1301 

13011 


Consult factory for Military grade parts. 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vim = 2 V unless otherwise noted. 


iYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

3 

Quiescent Current 

V S HDN = 0.5V, V SEL = 5V, Vsense = 5.5V 

• 


120 

200 

pA 



Vshdn = 1-8V 

• 


7 

15 

pA 

f IN 

Input Voltage Range 



1.8 



V 




• 

2.0 



V 

OUT 

Output Sense Voltage 

Vsel = 5V 

• 

11.52 

12.00 

12.48 

V 



V S EL = 0V 

• 

4.75 

5.00 

5.25 

V 


Output Referred 

Vsel = 5V (Note 1 ) 

• 


50 

100 

mV 


Comparator Hysteresis 

V SEL = 0V (Note 1 ) 

• 


22 

50 

mV 


Oscillator Frequency 

Current Limit not Asserted. 


120 

155 

185 

kHz 


Oscillator TC 



! 0.2 | 

%/°C 

1C 

Maximum Duty Cycle 



1 75 

86 

95 | 

% 

3N 

Switch On-Time 

Current Limit not Asserted. 


! 5.6 | 

ps 


Output Line Regulation 

1.8V < V|n < 6V 

• 


0.06 

0.15 

%/V 

CESAT 

Switch Saturation Voltage 

Isw = 700mA 

• 


130 

200 

mV 


Switch Leakage Current 

Vsw = 5 V, Switch Off 

• 


0.1 

10 

pA 


Peak Switch Current 

Ium Floating (See Typical Application) 


0.75 

1.0 

1.25 

A 


(Internal Trip Point) 

Ium Grounded 



0.4 


A 

SHDNH 

Shutdown Pin High 


• 

1.8 

V 

SHDNL 

Shutdown Pin Low 



0.5 

V 

SELH 

Select Pin High 


• 

1.5 

V 

SELL 

Select Pin Low 


• 

0.8 

V 

SHDN 

Shutdown Pin Bias Current 

Vshdn = 5V 

• 


8 

20 

pA 



Vshdn = 2V 

• 


3 


pA 



Vshdn = 0V 

• 


0.1 

1 

pA 

SEL 

Select Pin Bias Current 

0V<V sel <5V 

• 

1 1 3 

pA 


he • denotes specifications which apply over the 0°C to 70°C Note 1: Hysteresis specified is DC. Output ripple may be higher if 

jmperature range. output capacitance is insufficient or capacitor ESR is excessive. 

See operation section. 
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TYPICAL PCRFORfllRRCC CHRRRCTCRISTICS 


5V Output Efficiency 



1 10 100 1000 
LOAD CURRENT (mA) 


LT1301 G1 


Total Quiescent Current 
in Shutdown 



INPUT VOLTAGE (V) 

LT1301 G2 



0 1 2 3 4 5 6 7 8 

SHUTDOWN VOLTAGE (V) 

LT1300 G3 


Saturation Voltage vs Switch Current No-Load input Current 


Load Transient Response of 
Figure 1 Circuit 



SWITCH CURRENT (A) 


LT1301 G4 



Load Transient Response of 
Figure 1 Circuit 



Select Pin Transient 



5ms/DIV 

C 0U t = 100|iF, Vin = 5V 
100Q LOAD 


Select Pin Transient 



Cout = 100mF, V| N = 3.3V 
100Q LOAD 
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GND (Pin 1): Signal Ground. Tie to PGND under the 
package. 

Sel (Pin 2): Output Select. When tied to Vin converter 
regulates at 12V. When grounded or floating converter 
regulates at 5V. May be driven under logic control. 

SHDN (Pin 3): Shutdown. Pull high to shut down the 
LT1301 . Ground for normal operation. 

Sense (Pin 4): “Output” Pin. Goes to internal resistive 
divider. If operating at 5V output, a 0.1 pF ceramic capaci- 
tor is required from Sense to Ground. 

Ilim (Pin 5): Floatfor 1 A switch current limit. Tie to ground 


for approximately 400mA. A resistor between Ilim and 
ground sets peak current to some intermediate value . 

Vin (Pin 6): Supply Pin. Must be bypassed with a large 
value electrolytic to ground. Keep bypass within 0.2“ of the 
device. 

SW (Pin 7): Switch Pin. Connect inductor and diode here. 
Keep layout short and direct to minimize radio frequency 
interference. 

PGND (Pin 8): Power Ground. Tie to signal ground (pin 1 ) 
under the package. Bypass capacitor from Vin should be 
tied directly to PGND within 0.2" of the device. 


BLOCK DlfiGRfim 
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OPCRATIOn 

Operation of the LT 1 301 is best understood by referring to 
the Block Diagram in Figure 2. When Al’s negative input, 
related to the Sense pin voltage by the appropriate resis- 
tor-divider ratio is higher that the 1.25V reference voltage, 
A1 ’s output is low. A2, A3 and the oscillator are turned off, 
drawing no current. Only the reference and A1 consume 
current, typically 1 20pA. When A1 ’s negative input drops 
below 1 .25 V, overcoming A1 ’s 6mV hysteresis, A1 ’s out- 
put goes high enabling the oscillator, current comparator 
A2, and driver A3. Quiescent current increases to 2mA as 
the device prepares for high current switching. Q1 then 
turns on in controlled saturation for (nominally) 5.3ps or 
until comparator A2 trips, whichever comes first. After a 
fixed off-time of (nominally) 1 .2ps, Q1 turns on again. The 
LT1 301 ’s switching causes current to alternately build up 
in LI and dump into output capacitor C2 via D1 , increasing 
the output voltage. When the output is high enough to 
cause ATs output to go to low, switching action ceases. 
C2 is left to supply current to the load until Vqut decreases 
enough to force Al’s output high, and the entire cycle 
repeats. Figure 4 details relevant waveforms. Al’s cycling 
causes low-to-mid-f requency ripple voltage on the output. 
Ripple can be reduced by making the output capacitor 
large. The 33pF unit specified results in ripple of 1 0OmV to 
200mV on the 1 2 V output. A 1 0OpF capacitor will decrease 
ripple to 50mV. If operating at 5 V ouput a O.lpF ceramic 
capacitor is required at the Sense pin in addition to the 
electrolytic. 

If switch current reaches 1 A, causing A2 to trip, switch on- 
time is reduced and off-time increases slightly. This allows 
continuous mode operation during bursts. A2 monitors 


the voltage across 30 resistor R1 which is directly related 
to the switch current. Q2’s collector current is set by the 
emitter-area ratio to 0.6% of Q1 ’s collector current. When 
Rl’s voltage drop exceeds 18mV, corresponding to 1A 
switch current, A2’s output goes high, truncating the on- 
time portion of the oscillator cycle and increasing off-time 
to about 2ps as shown in Figure 3, trace A. This pro- 
grammed peak current can be reduced by tying the Ilim P>n 
to ground, causing 15pA to flow through R2 into Q3’s 
collector. Q3’s current causes a 1 0.4mV drop in R2 so that 
only an additional 7.6mV is required across R1 to turn off 
the switch. This corresponds to a 400mA switch current 
as shown in Figure 3, trace B. The reduced peak switch 
current reduces l 2 R loses in Q1 , LI , Cl and D1 . Efficiency 
can be increased by doing this provided that the accom- 
panying reduction in full load current is acceptable. Lower 
peak currents also extend alkaline battery life due to the 
alkaline cell’s high internal impedance. 


TRACE A 
500mA/DIV 
Ium PIN 
OPEN 


TRACE B 
500mA/DIV 
Ilim PIN 
GROUNDED 



20MS/DIV 


Figure 3. Switch Pin Current With Ium Floating or Grounded 
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VOUT 
100mV/DIV 
AC COUPLED 

Vsw 
10V/DIV 

•l 

500mA/DIV 

20jiS/DIV LT13MF4 

V|m = 5V, V 0U t = 1 2V, L = 33|iH 
Cout = 33|aF, I load = 90mA 

Figure 4. Burst Mode Operation in Action 
Output Voltage Selection 

The LT1301 can be selected to 5V or 12V under logic 
control or fixed at either by tying Select to ground or 
respectively. It is permissible to tie Select to a voltage 
higher than V^ as long as it does not exceed 10V. 
Efficiency in 5V mode will be slightly less that in 1 2V mode 
due to the fact that the diode drop is a greater percentage 
of 5 V than 1 2 V. Since the bipolar switch in the LT1 301 gets 
its base drive from Vin, no reduction in switch efficiency 
occurs when in 5V mode. When Vin exceeds the pro- 
grammed output voltage the output will follow the input. 
This is characteristic of the simple step-up or “boost” 
converter topology. A circuit example that provides a 
regulated output with an input voltage above or below the 
output (known as a buck-boost or SEPIC) is shown in the 
Typical Applications section. 

Shutdown 

The converter can be turned off by pulling SHDN (pin 3) 
high. Quiescent current drops to 10pA in this condition. 
Bias current of 8pAto 1 0pA flows into the pin (at 5 V input). 
It is recommended that SHDN not be left floating. Tie the 
pin to ground if the feature is not used. SHDN can be driven 
high even if V| N is floating. 

Ium Function 

The LT1301’s current limit (Ium) pin can be used for soft 
start. Upon start-up, the LT1301 will draw maximum 
current from the supply (about 1A) from the supply to 
charge the output capacitor. Figure 5 shows Vout and Iin 
waveforms as the device is turned on. The high current 
flow can create IR drops along supply and ground lines 
or cause the input supply to drop out momentarily. By 




200ns/DIV 


Vin = 5V, Vout = 12V 

Figure 5. Start-Up Response 


Vin 

3.3V OR 5V ” 


LI 

33|jH 


Z47pF 


VjN 

SW 

SELECT 

SENSE 

LT1301 

SHDN 

Ium 

GND 

PGND 


D1 

1N5817 


rr^- 



_L±C2 
-33|jF 


Figure 6. 



Figure 7. Startup Response Soft-Start Circuitry Added 

adding R1 and C3 as shown in Figure 6, the switch 
current in the LT1301 is initially limited to 400mA until 
the 1 5pA flowing out of the Ium pin charges up C3. Input 
current is held to under 500mA while the output voltage 
ramps up to 12V as shown in Figure 7. R1 provides a 
discharge path for the capacitor without appreciably de- 
creasing peak switch current. When using the Ilim pin soft- 
start mode a minimum load of a few hundred microam- 
peres is recommended to prevent C3 from discharging, as 
no current flows out of Ilim when the LT1301 is not 
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Table 1. Recommended Inductors 


PART NUMBER 

VENDOR 

L(MH) 

DCR (a) 

Vin(V) 

Ilim PIN 

EFFICIENCY (%) | 

COMPONENT 
HEIGHT (mm) 

PHONE NUMBER 

30mA 

60mA 

120mA 

D0331 6-333 

Coilcraft 

33 

0.088 

3.3 

Open 

84 

84 

85 

5.5 

(708) 639-6400 

5 

Open 

89 

89 

90 



D01608-223 

Coilcraft 

22 

.31 

3.3 

Open 

82 

82 

— 

3.5 


3.3 

Ground 

85 

— 

— 



5 

10k 

86 

87 

— 



5 

Ground 

88 

— 

— 



D01 608-1 03 

Coilcraft 

10 

.11 

2 

Open 

78 

— 

— 

3.5 


CTX20-1 

Coiltronics 

20 

.175 

3.3 

Open 

84 

84 

— 

4.2 

(407) 241-7876 

5 

Open 

88 

88 

89 



GA1 0-332 

Gowanda 

33 

.077 

3.3 

Open 

86 

86 

87 

Through-Hole 

(716) 532-2234 

5 

Open 

89 

89 

90 



LQH3G220K04M00 

Murata-Erie 

22 

0.7 

3.3 

Ground 

81 

— 

— 

2.0 

(404)436-1300 

5 

Ground 

85 

— 

— 



CD73-330KC 

Sumida 

33 

0.131 

3.3 

Open 

84 

85 

86 

3.5 

(708) 956-0666 

5 

Open 

88 

88 

89 



CDRH62-330MC 

Sumida 

33 

0.48 

3.3 

Open 

80 

80 

81 

3.0 



Ground 

85 

— 

— 



5 

Open 

84 

84 

85 




Ground 

83 

— 

— 




switching. Zero load current causes the LT1301 to switch 
so infrequently that C3 can completely discharge reducing 
subsequent peak switch current to 400mA. If a load is 
suddenly applied, output voltage will sag until C3 can be 
recharged and peak switch current returns to 1A. 

If the full capacity of the LT1301 is not required peak 
current can be reduced by changing the value of R3 as 
shown in Figure 8. With R3 = 0 switch current is limited to 
approximately 400mA. Smaller, less expensive inductors 
with lower saturation ratings can then be used. 

Inductor Selection 

For full output power, the inductor should have a satura- 
tion current rating of 1 .25A for worst-case current limit, 
although it is acceptable to bias an inductor 20% or more 
into saturation. Smaller inductors can be used in conjunc- 
tion with the Ium Pin. Efficiency is significantly affected by 
inductor DCR. For best efficiency limit the DCR to 0.030 
or less. Toroidal types are preferred in some cases due to 
their inherent flux containment and EMI/RFI superiority. 
Recommended inductors are listed in Table 1. 


Table 2. Recommended Capacitors 


VENDOR 

SERIES 

TYPE 

PHONE# 

AVX 

TPS 

Surface Mount 

(803)448-9411 

Sanyo 

OS-CON 

Through-Hole 

(619) 661-6835 

Panasonic 

HFQ 

Through-Hole 

(201) 348-5200 



100 Ik 10k 100k 1M 

CURRENT LIMIT SET RESISTOR (Si) 

LT1301 F8 

Figure 8. Peak Switch Current vs. Current Limit Set Resistor 
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Capacitor Selection 

Low ESR capacitors are required for both input and output 
of the LT1301. ESR directly affects ripple voltage and 
efficiency. For surface mount applications AVX TPS series 
tantalum capacitors are recommended. These have been 
specially designed for SMPS and have low ESR along with 
high surge current ratings. For through-hole applications 
Sanyo OS-CON capacitors offer extremely low ESR in a 
small size. Again, if peak switch current is reduced using 
the Ilim pin, capacitor requirements can be relaxed and 
smaller, higher ESR units can be used. Suggested capaci- 
tor sources are listed in Table 2. 

Diode Selection 

Best performance is obtained with a Schottky rectifier 


diode such as the 1N5817. Phillips Components makes 
this in surface mount as the PRLL5817. Motorola makes 
the MBRS130LT3 which is slightly better and also in 
surface mount. For lower output power a 1 N4148 can be 
used although efficiency will suffer substantially. 

Layout Considerations 

The LT1 301 is a high speed, high current device. The input 
capacitor must be no more than 0.2" from Vin (pin 6) and 
ground. Connect the PGND and GND (pins 8 and 1) 
together underthe package. Place the inductor adjacent to 
SW (pin 7) and make the switch pin trace as short as 
possible. This keeps radiated noise to a minimum. 


tvpicai nppucnnons 


Four-Cell to 5V Converter 



Step-Up Converter with Automatic Output Disconnect 


470Q 
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TYPICAL APPLICATION 


LCD Contrast Supply 



CONTRAST 

VOUT -4V TO -29V 1 2mA 
MAXIMUM FROM 1.8V SUPPLY 
(77% EFFICIENT) 

20mA MAXIMUM FROM 
3V SUPPLY (83% EFFICIENT) 


I lOOpF 


VlN 

SW 

SENSE 

SHDN 

LT1301 


SELECT 

km 

P6ND 

6ND 


■ SHUTDOWN 


T1 = DALE LPE-5047-A045 (605) 665-9301 


H 


2.2pF 


PWM IN 
0% TO 100% 
CMOS DRIVE OV TO 5V 


Low-Voltage CCFL Power Supply 



T1 = COILTRONICS CTX1 10654-1 


INTENSITY ADJUST 
lOOpA TO 2mA BULB CURRENT 


22pF 

3kV 


CCFL 


LI = COILCRAFT D03316-473 


4-494 


rrunm 

TECHNOLOGY 




LT1301 










NOTES 






[imt 

TECHNOLOGY 


INDEX 


SECTION 4— POWER PRODUCTS 

PCMCIA HOST AND CARD POWER MANAGEMENT DEVICES 

LT1106, Micropower Step-Up DC/DC Converter for PCMCIA Card Flash Memory 13-3 

LTC1262, 12V , 30mA Flash Memory Programming Supply 13-35 

LT1312, Single PCMCIA VPP Driver/Regulator 13-59 

LT1313, Dual PCMCIA VPP Driver/Regulator 13-71 
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BATTERY MANAGEMENT CIRCUITS 
LTC1325, Microprocessor-Controlled Battery Charger 13-94 
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SECTION 5— INTERFACE 

INDEX 5-2 

SELECTION GUIDES 5-3 

PROPRIETARY PRODUCTS 

RS232/562 5-9 

LT1130A/LT1140A Series, Advanced Low Power 5V RS232 Drivers/Receivers with Small Capacitors 5-10 

LT1137A, Advanced Low Power 5V RS232 Transceiver with Small Capacitors 5-20 

LT1180A/LT1181A, Low Power 5V RS232 Dual Driver/Receiver with 0. IpF Capacitors 5-27 

LT1237, 5V RS232 Transceiver with Advanced Power Management and One Receiver Active in SHUTDOWN 5-34 

L T 1280A/L T 1281 A, Low Power 5V RS232 Dual Driver/Receiver with 0. 1uF Capacitors 5-41 

LTC1327, 3.3V Micropower EIA/TIA-562 Transceiver 5-48 

LT1330, 5VRS232 Transceiver with 3V Logic Interface and One Receiver Active in SHUTDOWN 5-54 

LT1331, 3VRS232 or 5V/3VRS232 Transceiver with One Receiver Active in SHUTDOWN 5-61 

LT1332, Wide Supply Range Low Power RS232 Transceiver with 12V VPP Output for Flash Memory 5-68 

LTC1337, 5V Low Power RS232 3-Driver/5-Receiver Transceiver 5-76 

L TCI 338, 5V Low Power RS232 5-Driver/3-Receiver Transceiver 5-82 

LT1341, 5V RS232 Transceiver with One Receiver Active in SHUTDOWN 5-88 

LT1342, 5V RS232 Transceiver with 3V Logic Interface 5-95 

L TCI 347, 5V Low Power RS232 3-Driver/5-Receiver Transceiver with 5 Receivers Active in SHUTDOWN 5-102 

LTC1348, 3.3V Low Power RS232 3-Driver /5-Receiver Transceiver 13-116 

L TCI 349, 5V Low Power RS232 3-Driver/5-Receiver Transceiver with 2 Receivers Active in SHUTDOWN 5-108 

LTC1350, 3.3V Low Power El AfTlA-562 3-Driver /5-Receiver Transceiver 5-114 

L T1381, Low Power 5V RS232 Dual Driver/Receiver with 0. IpF Capacitors 5-1 20 

LTC1382, 5V Low Power RS232 Transceiver with Shutdown 5-127 

L TCI 383, 5V Low Power RS232 Transceiver 5-133 

LTC1384, 5V Low Power RS232 Transceiver with 2 Receivers Active in SHUTDOWN 5-139 

LTC1385, 3.3V Low Power EIA/TIA-562 Transceiver 5-145 

LTC1386, 3.3V Low Power EIA/TIA-562 Transceiver 5-151 

RS485 5-157 

LTC488/LTC489, Quad RS485 Line Receiver 5-158 

LTC1481, Ultra-Low Power RS485 Transceiver with Shutdown 13-122 

LTC1483, Ultra-Low Power RS485 Low EMI Transceiver with Shutdown 13-129 

LTC1485, Differential Bus Transceiver 5-166 

AppleTalk® 5-177 

LTC1318, Single 5V RS232/RS422/ AppleTalk® Transceiver 13-79 

LTC1320, AppleTalk ® Transceiver 5-178 

LTC1323, Single 5V AppleTalk® Transceiver 13-85 

DIGITAL ISOLATORS 5-185 

L TCI 145/L TC1 146, Low Power Digital Isolater 5-186 

MIXED PROTOCOL 5-197 

L TCI 321 /L TC1322/L TCI 335, RS232/EIA562/RS485 Transceivers 5-198 
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LTC1327 (3Dx, 5Rx), LTC1348 (3Dx, 5Rx), LTC1350 (3Dx, 5Rx), 
LTC1382 (2Dx, 2Rx), LTC1385 (2Dx, 2Rx), LTC1386 (2Dx, 2Rx) 



LT1081 

LT1181A (0.1|xF Caps) 
LT1281A (Very Low Power) 
LT1381 (Narrow SOIC) 
LTC1383 (Ultra-Low Power) 


LT1080 

LT1180A (0.1 ^iF Caps) 

LT1280A (Very Low Power) 

LTC1382 (Ultra-Low Power) 

LTC1384 (Ultra-Low Power, Rx Enable) 



LT1237 (3Dx, 5Rx,1Rx Active) 
LTC1338 (5Dx, 3Rx, 3Rx Active) 
LT1341 (3Dx, 5Rx, IRx Active) 
LTC1347 (3Dx, 5Rx, 5Rx Active) 
LTC1349 (3Dx, 5Rx, 2Rx Active) 


LT1132A (5Dx, 3Rx) 
LT1133A (3Dx, 5Rx) 
LT1134A (4Dx, 4Rx) 


LT1131A (5Dx, 4Rx) 
LT1136A (4Dx, 5Rx) 
LT1137A (3Dx, 5Rx1 
LT1138A (5Dx, 3Rx) 
LTC1337 (3Dx, 5Rx) 




LT1135A (5Dx, 3Rx) 


- LTC1321 (2 EIA562/RS232 Transceivers, 

2 RS485 Transceivers) 

- LTC1322 (4 EIA562/RS232 Transceivers, 

2 RS485 Transceivers) 

- LTC1 335 (4 EIA562 Transceivers, _ 

2 RS485 Transceivers with OE) 


5V/±12V Powered 


AppleTalk is a registered trademark of Apple Computer, Inc. 


LT1 039 (3Dx, 3Rx) LT1 1 39A (3Dx, 3Rx) 

LT1 1 30A (4Dx, ORx) LT1 1 40A (5Dx, 3Rx) 

LT1132A (4Dx, ORx) LT1141A (3Dx, 5Rx) 

World's Lowest Power 
RS485 Devices 

LTC485 (1 Dx, 1 Rx) Low Power 751 76 

LTC486 (4Dx) Low Power 75172 

LTC487 (4Dx) Low Power 75174 

LTC488 (4Rx) Low Power 75173 

LTC498 (4Rx) Low Power 75175 

LTC490 (1 Dx, 1 Rx) Low Power 751 79 

LTC491 (1 Dx, IRx) Low Power 75ALS1 80 

LTC1481 (1 Dx, IRx) Ultra-Low Power with Shutdown 

LTC1485 (IDx, 1 Rx) Low Power 75ALS176 

Complete AppleTalk® 
Port 

LTC1320 (Combination RS422, RS562) 

LTC1323 (5V Combination RS422, RS562) 

Shutdown /3 State RS423 
Outputs 

LT1032 (4Dx, ORx) 
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RS232 INTERFACE SOLUTIONS 


Complete RS232 PC Serial Ports: 3 Drivers, 5 Receivers 


■ ±10kV ESD Protection 

■ 3 V Logic Compatible 

■ Receiver Keep-Alive in Shutdown 

■ SOIC Packages (Ask about SSOP) 

■ Ultra-Low Power (LTC1337: 1.5mW) 

■ Flowthrough Architecture 


■ 0.1 |nF Capacitors 

■ Low Power Shutdown 

■ 120k Baud Operation 

■ Capable of Mouse Driving 

■ 3.3V or 5 V Powered 


SUPPLY 

VOLTAGE 

3V 

OR 5V 
LOGIC 

TYP 

POWER 

DlSS(mW) 

Rx 

ACTIVE 

IN SHDN 

Iq IN 
SHDN 
(pA) 

DRIVER 

DISABLE 

lOkV 

ESD 

0.1|iF 

CAPS 

DEVICE 

TYPE 

5 

5 

60 

0 

1 

X 

X 

X 

LT1137A 

5 

5 

30 

1 

60 

X 

X 

X* 

LT1237 

3 

3 

1.5 

0 

1 

— 

X 

X 

LTC1327 

5 & 3 

3 

30 

1 

60 

X 

X 

X* 

LT1330 

3 

3 

42 

1 

60 

X 

X 

X 

LT1331 

5 & 3 

3 

34 

1 

60 

X 

X 

X* 

LT1331 

3 

3 

1.5 

1 

70 

— 

X 

X 

LT1332** 

5 

5 

1.5 

0 

1 

— 

X 

X 

LTC1337 

5 

5 

60 

1 

60 

X 

X 

X 

LT1341 

5 & 3 

3 

60 

0 

1 

X 

X 

X 

LT1342 

5 

5 

1.5 

5 

80 

— 

X 

X 

LTC1347 

3 

3 

1.5 

0 or 5 

0.2 or 10 

— 

X 

X 

LTC1348 

5 

5 

1.5 

2 

35 

— 

X 

X 

LTC1349 

3 

3 

1.5 

2 

35 

- 

X 

X 

LTC1350 


*Requires one IpF capacitor 

** Works with switching power supply to generate full RS232 output levels from 3V supplies 


Typical Pin 
Configuration^ 


TO 

LINE 



* REMAINS ALIVE IN SHUTDOWN 
DEPENDING ON PART TYPE 
t EXCEPT LT1 332 AND LTC1348 


TO 

LOGIC 


5V Powered RS232 and EIA/TIA562 2 Driver/2 Receiver Circuits 


■ Rugged Bipolar Construction 

■ ±10kV ESD Protection 

■ O.ljoF Charge Pump Capacitors 


■ Immune to Latch-Up 

■ Low Power Shutdown 

■ 3-State Outputs When Shut Down or Powered Down 


SHUTDOWN/ 
RS232 AND 

TTL THREE- 
STATE OUTPUTS 

FAULT 

TOLERANT 

TO ± 25V 

COMMENTS 

PART 

NUMBER 

Yes 

Yes 

Ideal for Surface Mount, ±10kV ESD 

LT1180A 

No 

Yes 

Replaces MAX202, 232A, ±10kV ESD 

LT1181A 

Yes 

Yes 

Low Power LT1 080, ±10kVESD 

LT1280A 

No 

Yes 

Low Power LT1 081 , ±1 OkV ESD 

LT1281A 

No 

+15V 

Replaces MAX202, ±10kV ESD 

LT1381* 

Yes 

Yes 

Ultra-Low Power LT1180A, ±10kV ESD 

LTC1382 

No 

Yes 

Ultra-Low Power LT1181A, MAX232A Replacement, ±10kV ESD 

LTC1383* 

Yes 

Yes 

Ultra-Low Power LT1180A w/2Rx Alive in SHDN, ±10kV ESD 

LTC1384 

Yes 

Yes 

Ultra-Low Power 3 V LT1180A, ±10kV ESD 

LTC1385 

No 

Yes 

Ultra-Low Power EIA/TIA562 Transceiver 

LTC1386* 


*Narrow 16-lead SOIC package 



LT1180A, LT1280A, 
LTC1 382/4/5 
2 Dx, 2 Rx 



LT1181A, LT1281A, 
LT1381, LTC1383 
2 Dx, 2 RX 


More RS232 Driver/Receiver Combinations Inside! 


5-4 


rr\im 

TECHNOLOGY 











RS232/RS422/RS485 INTERFACE SOLUTIONS 


Other RS232 Driver/Receiver Combinations 


DRIVERS 

RECEIVERS 

SUPPLIES 

REQUIRED 

SHUTDOWN/ 
RS232 and 

TTL THREE- 
STATE OUTPUTS 

FAULT 
TOLERANT 
to ±25V 

REQ'D 
CHARGE 
PUMP 
CAP SIZE 

COMMENTS 

PART 

NUMBER 

4 

0 

±12V 

Yes 

Yes 

N/A 

Low Power 1488 Upgrade 

LT1030 

4 

0 

±12V 

Yes 

Yes 

N/A 

Low Power 1488 Upgrade Also Supports RS423 

LT1032 

3 

3 

5V, ±12V 

Yes 

Yes 

N/A 

One Receiver Active in Shutdown 

LT1039 

3 

3 

5V, ±1 2V 

No 

Yes 

N/A 

Rugged MCI 45406 Replacement 

LT1039-16 

5 

5 

5V 

No 

Yes 

O.IjiF 

Synchronous Communications, ±10kV ESD 

LT1130A 

5 

4 

5V 

Yes 

Yes 

0.1 pF 

Synchronous Modem/DCE Interface, ±10kV ESD 

LT1131A 

5 

3 

5 V 

No 

Yes 

0.1 pF 

Modem/DCE Interface, ±10kV ESD 

LT1132A 

3 

5 

5V 

No 

Yes 

0.1 pF 

PC/DTE Interface, ±10kV ESD 

LT1133A 

4 

4 

5V 

No 

Yes 

O.lpF 

5V Only 1488/1489 Replacement, ±10kV ESD 

LT1134A 

5 

3 

5V, ±12V 

No 

Yes 

N/A 

Modem/DCE Interface, ±10kV ESD 

LT1135A 

4 

5 

5V 

Yes 

Yes 

O.lfiF 

Synchronous PC/DTE Interface, ±10kV ESD 

LT1136A 

5 

3 

5 V 

Yes 

Yes 

0.1 |iF 

Modem/DCE Interface, ±10kV ESD 

LT1138A 

4 

4 

5V, 12V 

Yes 

Yes 

0.1 mF 

1488/1489 Replacement, ±10kV ESD 

LT1139A 

5 

3 

5V, ±1 2V 

Yes 

Yes 

N/A 

Modem/DCE Interface, ±10kV ESD 

LT1140A 

3 

5 

5V, ±12V 

Yes 

Yes 

N/A 

PC/DTE Interface, ±10kV ESD 

LT1141A 

5 

3 

5V 

Yes 

Yes 

O.IjiF 

Ultra-Low Power, 1 Receiver Keep-Alive in SHDN, ±10kV ESD 

LTC1338 


Programmable EIA/TIA562/RS232 and RS485 I/O Ports 


■ Low Supply Current: 1mA Typical 

■ 15)jA Supply Current in Shutdown 

■ 120k Baud in EIA/TIA562 or RS232 

■ 10M Baud in RS485/RS422 

■ Self-Testing Capability in Loopback Mode 

■ LTC1 321/LTC1 322 Have the Same Pinout 
as SP301/SP302 

■ LTC1335 Features Receiver Three-State Outputs 


■ Power-Up/Down Glitch-Free Outputs 

■ Driver Maintains High Impedance in Three-State, 
Shutdown, or With Power Off 

■ Thermal Shutdown Protection 

■ Protection: I/O Lines Can Withstand ±25V 

■ Withstands Repeated ±10kV ESD Pulses 

■ SOL or Dual-In-Line Packages 


RS232 OR EIA/TIA562 

RS485 

OUTPUT 

DRIVER 

SELF TEST 


TRANSCEIVERS 

TRANSCEIVERS 

LEVELS 

ENABLE 

LOOPBACK 

PART NUMBER 

2 

2 

232/562 

— 

Yes 

LTC1321 

4 

2 

232/562 

— 

Yes 

LTC1322 

4 

2 

562 

Yes 

Yes 

LTC1335 


v DD py 

B1 ED 
A1 E 

zi [7 
Y1 [I 

SEL1 [T 

SEL2 u 

Y2 |J 
Z2 [? 
A2 [10 
B2 []T 
GND [j2 






B Vcc 
NC 
Rai 
DO DEI 
M Dyi 
H LB 
T|] ON/OFF 

H DY2 
ID DE2 

HD RA2 
ID NC 

U Vee 



ID Vcc 

H R B1 

22] R A i 
ID Dzi/DEI 
M Dyi 
ID LB 
ID ON/OFF 
ID D Y2 
ID D Z2 /DE2 
HI r A2 
ID r B2 
1 Vee 



E Vcc 
E Rbi 

H Rai 
D Z1 /DE1 
ID Dyi 
ID lb 

ID ON/OFF 

ID Dy2 
ID D Z2 /DE2 
U RA2 
ID r B2 
II Vee 


LTC1321 

2 RS485 DRIVERS/RECEIVERS 
2 EIA/TIA562 DRIVERS/RECEIVERS 


LTC1322 

2 RS485 DRIVERS/RECEIVERS 
4 EIA/TIA562 DRIVERS/RECEIVERS 


LTC1335 

2 RS485 DRIVERS/RECEIVERS 
4 EIA/TIA562 DRIVERS/RECEIVERS 
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ISOLATED AND APPLETALK® INTERFACE SOLUTIONS 


Low Power Digital Isolators 

■ UL Recognized (LTC1145A,LTC1146A) 

File El 51 738 to UL1 577 

■ Low Input Current 

LTC1145: 700ptA, LTC1146: 70^A 

■ Maximum Input Frequency 

LTC1145: 200kHz, LTC1146: 20kHz 

■ TTL Level Output 

■ Noise Filter Prevents Glitches at the Output 

■ Output Can Be Synchronized to and External Clock 


Digital Isolation Interface 
Data Rate Up to 200kHz 


DATA 5V 
IN o- 


Din 

GND1 

ISOLATION 

BARRIER 

LTC1 145/46 

NC 

Vcc 

OSCin 

OSoUT 

GND2 

Dout 


R 


DATA 

OUT 


■ Low Power Opto-lsolator Replacement 

■ Isolated Serial Data Interfaces 

■ Isolated Power MOSFET Drivers 


ISOLATION 

VOLTAGE 

INPUT 

CURRENT 

MAX INPUT 
FREQUENCY 

GLITCH-FREE 
OUTPUT FILTER 

EXT CLOCK 
SYNCH 

UL 

RECOGNIZED 

PART NUMBER 

2500 

700|oA 

200kHz 

Yes 

Yes 

TO 

LTC1145A 

2500 

70|iA 

20kHz 

Yes 

Yes 

TO 

LTC1146A 

500 

700|jA 

200kHz 

Yes 

Yes 


LTC1145 

500 

70|oA 

20kHz 

Yes 

Yes 


LTC1146 


Complete AppleTalk/LocalTalk® Transceivers 

■ Single Chip Complete AppleTalk DCE/DTE Solutions ■ 5 V Powered (LTC1 323/LTC1 31 8) 

■ Low Power ■ Surface Mount Packages 

■ Micropower Shutdown (LTC1 320/LTC1 323) ■ Thermal/Short Circuit Protection 


DCE/DTE 

REQUIRED 

SUPPLIES 

SUPPLY 

CURRENT 

SHUTDOWN 

FUNCTION 

1 RECEIVER 
KEEP ALIVE 

SUPPLY IN 
SHUTDOWN 

PART NUMBER 

DTE 

±5V 

1.2mA 

Yes 

— 

30|iA 

LTC1320 

DTE 

5 V 

2.4mA 

Yes 

Yes 

65|iA 

LTC1323 

DCE 

5V 

18mA 

No 

— 

— 

LTC1318 



Vdd 

TXD~ 

TXD + 

TXO 

Vss 

RXI 

RXI 

RXD~ 

RXD + 


DTE 

LTC1320 


ci + 

cr 

OPEN 

TXD 

TXI 

TXDEN 

SD 

RXEN 

RXO 

RX0 

RXDO 

GND 


AppleTalk and LocalTalk are registered trademarks of Apple Computer, Inc. 



v cc 

C2 + 

C2 - 

Vee 

TXD - 

TXD + 

TXO 

RXI 

RXI 

RXD - 

RXD + 

PGND 


DTE 

LTC1323 


v + 

C1 + 

c r 

RXI1 

TX01 

TX02 

Vcc 

RXD+ 

RXD-/RXI2 

TXD+ 

TXD - 

NC 



V - 

C2 - 

C2 + 

RXOI 

TXI2 

TXI1 

GND 

RXD0/RX02 

TXD 

RXMODE 

GND 

NC 


DCE 

LTC1318 


Typical Interconnection Schemes 


RS232 


DTE 

CD fSr 


LINES 

TX 

DCE 


RX 


r 

RTS 

Si 

5^ 

g 

L 

CTS 


: 

j DSR 

UoXl 

L 

! DCD 


— 1 °s 

— 1> 

r 

1 DTR 


ij 

1 Rl 

l Si 





DTE 

RS530 

LINES 

SD 

DCE 

rdN_ 

““PH 

RD 

l-V— 


RTS 


— PH 

CTS ! 


y- 

DSR 

i— 

~ <bH 

DCD 

r—^1 


DTR 


\y— 

ho — 

TT 

i-CfV . 

—pc 

y— 

ST 

r-\S— 

) — — 

Yb- 

y — 

RT 




1 — 6s 


Z$>- = RS422 OR RS485 RECEIVERS 
-T9~ = RS422 OR RS485 DRIVERS 


DTE 

LINES DCE 

SD 

— P*-j 

RD 



RTS 




CTS 

>-po— 

n 

DSR 

o 


h 

RLSD 

[tSr is 

3 


DTR 



SCTE 

-qs— 


SCT 

— 

~ sEh 

SCR 



! r®'* 


— 1>>- = RS232 DRIVER OR RECEIVER 


DTE 

RS449 

LINES 

SD j 

DCE 



— pH 

RD | 

—Ay 

— <P 

_tO-, 

RTS 

— 6sJ 

pH 

CTS ! 


— 

DM 

— 

— 

y— 

RR ! 

— 6sl 

— 

hO- 

TR ! 

— 6sl 

— CN. 

P^ 

TT 

— p^ 
h-crs-~ 

Pt-i 

y- 

ST 

pP^ 

— 

RT 

r — -6 n 

[ — ri— 

— <3» 

SQ 



SR 

r-°q— 

Lfw 

-po-n 

-o<h 

SI 

n^r 
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RS485 INTERFACE SOLUTIONS 


RS485 Family Features 

■ Ultra-Low Power 

■ CMOS Schottky Process 

■ Designed for RS485 and RS422 Applications 

■ Three-State RS485 Outputs When Shut Down 

■ Power-Up/Down Glitch Free Outputs 

■ 10MB Operation (LTC486-489, LTC1485) 

■ Industry Standard Pinouts 

■ SOIC Available 


The LTC RS485 Advantage: Low Power 

60 
| 50 

I 40 

tr 

3 30 
% 20 
< 10 
0 

*ULTRA LOW SUPPLY CURRENT 



RS485/RS422 Interface 


DRIVERS 

RECEIVERS 

SUPPLIES 

REQUIRED 

MAX 

DATA RATE 

MAX 

SUPPLY 

CURRENT 

INDUSTRY 

STANDARD 

PINOUT 

COMMENTS 

PART NUMBER 

1 

1 

5V 

2.5MB 

500pA 

75176 

Half Duplex 2-Wire RS485 

LTC485 

4 

0 

5V 

10MB 

150pA 

75172 

Good For RS449, RS530, V.35 Interface 

LTC486 

4 

0 

5V 

10MB 

1 50|oA 

75174 

Good For RS449, RS530, V.35 Interface 

LTC487 

0 

4 

5V 

10MB 

10mA 

75173 

Good For RS449, RS530, V.35 Interface 

LTC488 

0 

4 

5V 

10MB 

10mA 

75175 

Good For RS449, RS530, V.35 Interface 

LTC489 

1 

1 

5V 

2.5MB 

500|aA 

75179 

Full Duplex 4-Wire RS485 

LTC490 

1 

1 

5V 

2.5MB 

500|jA 

75ALS180 

Full Duplex 4-Wire RS485 

LTC491 

1 

1 

5 V 

10MB 

3.5mA 

75ALS176B 

High Speed/Half Duplex 

LTC1485 


C- 

LOGIC I/O C- 
AND ENABLES C- 


-Vcc 

RS485 I/O 


LTC485, LTC1485 
IDx, 1 Rx 


Vcc rt 
LOGIC I/O B 



RS485 I/O 


LTC490 
1 Dx, IRx 


a 








-Vcc 


LTC486 
4 Dx 


c- 

c- 

c- 

c- 

c- 

c- 

c- 


£ 


3” Vcc 

□ 

□ 

□ 


LTC487 
4 Dx 


Ef-E 

’ LTC488 
4 Rx 



LOGIC I/O □. 
AND ENABLES fi- 
ll- 






>-Vcc 
3- Vcc 

□ 

□ RS485 I/O 

□ 

□ 


LTC489 LTC491 

4Rx 1 Dx, 1 Rx 


Interface Standards 


SPECIFICATION 

RS232 

RS423 

RS422 

RS485 

RS562 

Mode of Operation 

Single-Ended 

Single-Ended 

Differential 

Differential 

Single-Ended 

Number of Drivers and Receivers 

Allowed on One Line 

1 Driver, 

1 Receiver 

1 Driver, 

10 Receivers 

1 Driver, 

10 Receivers 

32 Drivers, 

32 Receivers 

1 Driver, 

1 Receiver 

Maximum Cable Length 

50 feet* 

4000 feet 

4000 feet 

4000 feet 

50 feet* 

Maximum Data Rate 

20kb/s 

lOOkb/s 

lOMb/s 

lOMb/s 

64kb/s 

Maximum Voltage Applied to Driver Output 

±25V 

+6V 

- 0.25V to 6V 

-7V to 1 2 V 

±25V 

Driver Output Signal 

Loaded 

±5V 

±3.6 V 

±2 V 

+1.5V 

±3.7V 

Unloaded 

±15V 

±6V 

±5V 

±5V 

±1 3.2V 

Driver Load 

3kft to 7kft 

450ft (Min) 

100ft 

54ft 

3kft to 7kft 

Maximum Driver Output Current 
(High-Impedance State) 

Power ON 

— 

— 

— 

— 

60mA 

Power OFF 

V M ax/300Q 

±1 OOpiA 

±1 00pA 

±1 OOpA 

V M Ax/300ft 

Output Slew Rate 

30V/(is (Max) 

Controls Provided 

— 

— 

30V/ps (Max) 

Receiver Input Voltage Range 

±15V 

±12V 

±7V 

-7V to 1 2 V 

±25 V 

Receiver Input Sensitivity 

±3V 

±200mV 

±200mV 

±200mV 

±3V 

Receiver Input Resistance 

3kft to 7kfi 

4kft (Min) 

4kft (Min) 

12kft (Min) 

3kft to 7kft 


*or 2500pF cable capacitance, as per EIA 232E 
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NOTES 
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SECTION 5— INTERFACE 

RS232/562 

LT1130A/LT1140A Series, Advanced Low Power 5V RS232 Drivers/Receivers with Small Capacitors 5-10 

LT1137A, Advanced Low Power 51/ RS232 Transceiver with Small Capacitors 5-20 

LT1180A/LT1181A, Low Power 5V RS232 Dual Driver/Receiver with 0. 1uF Capacitors 5-27 

LT1237, 5V RS232 Transceiver with Advanced Power Management and One Receiver Active in SHUTDOWN 5-34 

L T 1280 A/L T 1281 A, Low Power 5V RS232 Dual Driver/Receiver with 0 . IliF Capacitors 5-41 

LTC1327, 3.3V Micropower EIA/TIA-562 Transceiver 5-48 

LT1330, 5V RS232 Transceiver with 3V Logic Interface and One Receiver Active in SHUTDOWN 5-54 

LT1331, 3VRS232 or 5V/3V RS232 Transceiver with One Receiver Active in SHUTDOWN 5-61 

LT1332, Wide Supply Range Low Power RS232 Transceiver with 12V I VPP Output for Flash Memory 5-68 

LTC1337, 5V Low Power RS232 3-Driver/5-Receiver Transceiver 5-76 

LTC1338, 5V Low Power RS232 5-Driver /3-Receiver Transceiver 5-82 

LT1341 , 5VRS232 Transceiver with One Receiver Active in SHUTDOWN 5-88 

LT1342, 5V RS232 Transceiver with 3V Logic Interface 5-95 

LTC1347, 5V Low Power RS232 3-Driver /5-Receiver Transceiver with 5 Receivers Active in SHUTDOWN 5-102 

L TCI 348, 3.3V Low Power RS232 3-Driver/5-Receiver Transceiver 13-116 

LTC1349, 5V Low Power RS232 3-Driver /5-Receiver Transceiver with 2 Receivers Active in SHUTDOWN 5-108 

LTC1350, 3.3V Low Power EIA/TIA-562 3-Driver/5-Receiver Transceiver 5-114 

LT1381, Low Power 5V RS232 Dual Driver/Receiver with 0. IpF Capacitors 5-120 

LTC1382, 5V Low Power RS232 Transceiver with Shutdown 5-127 

LTC1383, 5V Low Power RS232 Transceiver 5-133 

LTC1384, 5V Low Power RS232 Transceiver with 2 Receivers Active in SHUTDOWN 5-139 

LTC1385, 3.3V Low Power EIA/TIA-562 Transceiver 5-145 

LTC1386, 3.3V Low Power EIA/TIA-562 Transceiver 5-151 
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TECHNOLOGY 


LTmOA/LTIMOA Series 

Advanced Low Power 
5V RS232 Drivers/Receivers 
with Small Capacitors 


F€flTUIKS 

■ ESD Protection over ±10kV 

■ Uses Small Capacitors: O.lpiF, 0.2pF 

■ 1|jA Supply Current in SHUTDOWN 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power 

■ Operates from a Single 5 V Supply 

■ Easy PC Layout: Flowthrough Architecture 

■ Rugged Bipolar Design: Absolutely No Latch-Up 

■ Outputs Assume a High Impedance State When Off 
or Powered Down 

■ Improved Protection: RS232 I/O Lines Can be Forced 
to ±30V Without Damage 

■ Output Overvoltage Does Not Force Current Back 
Into Supplies 

■ Available in SO and SSOP Packages 


DCSCRIPTIOn 

The LT1 1 30A/LT 1 1 40A series of RS232 drivers/receivers 
features special bipolar construction techniques which 
protect the drivers and receivers beyond the fault condi- 
tions stipulated for RS232. Driver outputs and receiver 
inputs can be shorted to ±30V without damaging the 
device or the power supply generator. In addition, the 
RS232 I/O pins are resilientto multiple ±1 OkV ESD strikes. 
An advanced driver output stage operates up to 1 20kBaud 
while driving heavy capacitive loads. Supply current is 
typically 12mA, competitive with CMOS devices. 

Several members of the series include flexible operating 
mode controls. The Driver Disablepin disables the drivers 
and the charge pump, the ON/OFF pin shuts down all 
circuitry. While shut down, the drivers and receivers 
assume high impedance output states. 


Basic Operation 



LT1130A 5-Driver/5-Receiver RS232 Transceiver 

LT1131 A 5-Driver/4-Receiver RS232 Transceiver w/Shutdown 

LT1132A 5-Driver/3-Receiver RS232 Transceiver 

LT1133A 3-Driver/5-Receiver RS232 Transceiver 

LT1134A 4-Driver/4-Receiver RS232 Transceiver 

LT1135A5-Driver/3-ReceiverRS232Transceiverw/o Charge Pump 


Output Waveforms 


RECEIVER 

OUTPUT 

I 


— 

C L = 50pF 



DRIVER 

OUTPUT 

R l = 3k 

C L = 2500pF 

U ' 

1 — 

' L... j 




INPUT 




SU.-s 5M 

81 


LT1 130A • TA02 


LT1136A 4-Driver/5-Receiver RS232 Transceiver w/Shutdown 
LT1137A 3-Driver/5-Receiver RS232 Transceiver w/Shutdown 
LT1138A 5-Driver/3-Receiver RS232 Transceiver w/Shutdown 
LT1139A 4-Driver/4-Receiver RS232 Transceiver w/Shutdown 
LT1 1 40A 5-Driver/3-Receiver RS232 Transceiver w/o Charge Pump 
LT1 1 41 A 3-Driver/5-Receiver RS232 Transceiver w/o Charge Pump 
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LT1130A/LT1140A Series 


absolute mnximum aatiags (Note 1) 


Supply Voltage (Vcc) 6 V 

V + 13.2V 

V- (Note 7) -13.2V 

Input Voltage 

Driver Vto V + 

Receiver.... -30V to 30V 

On/Off Pin -0.3V to 12V 

Driver Disable Pin -0.3V to Vcc + 0.3V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3V to Vcc + 0.3V 


Short-Circuit Duration 

V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1 1 3XAC/LT1 1 4XAC 0°Cto70°C 

LT 1 1 3XAI/LT 1 1 4XAI -40°Cto85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRODUCT SCLECTIOA TABLE 


Part Number 

Power Supply Voltages* 

Shutdown 

Driver Disable 

Drivers 

Receivers 

External Components 

LT1130A 

5 

No 

No 

5 

5 

4 Capacitors 

LT1131A 

5 

Yes 

Yes 

5 

4 

4 Capacitors 

LT1132A 

5 

No 

No 

5 

3 

4 Capacitors 

LT1133A 

5 

No 

No 

3 

5 

4 Capacitors 

LT1134A 

5 

No 

No 

4 

4 

4 Capacitors 

LT1135A 

5,12, -12 

No 

No 

5 

3 

None 

LT1136A 

5 

Yes 

Yes 

4 

5 

4 Capacitors 

LT1137A 

5 

Yes 

Yes 

3 

5 

4 Capacitors 

LT1138A 

5 

Yes 

Yes 

5 

3 

4 Capacitors 

LT1139A 

5,12 

Yes 

No 

4 

4 

2 Capacitors 

LT1140A 

5,12,-12 

Yes 

Yes 

5 

3 

None 

LT1141A 

5,12,-12 

Yes 

Yes 

3 

5 

None 


*The LT1130A, LT1131A, LT1132A, LT1134A, LT1136A, LT1 137A and LT1138A can operate with 5Vand 12V supplies and two external capacitors. 


PACKAGE/ORDEA lAFOAmATlOA 


5-DRIVER/5-RECEIVER 

TOP VIEW 

ORDER PART 

5-DRIVER/4-RECEIVER WITH SHUTDOWN 

TOP VIEW 

ORDER PART 

v + E 

5VV CC \J_ 

LT1130A 

28] V” 

27] C2“ 

NUMBER 

v + E 

5 vv cc fT 
C1 + \J 

^ 

LT1131A 

28] V“ 

27] C2 - 
13 C2 + 

NUMBER 

C1 + 


26] C2 + 

25] DRIVER IN 

13 RX OUT 

LT1130ACN 


LT1131ACN 

DRIVER OUT |T 

| ^4 

DRIVER OUT [7 

| 

13 RXOUT 

| 

LT1130ACS 

| *7^ 

LT1131ACS 

DRIVER OUT (7 
RX IN [? 

J|_ b 

22] RX OUT 

IT] DRIVER IN 

DRIVER OUT [7 


22] RXOUT 

- l r£~- 


RX IN \ 8 

i 








i ^ 



DRIVER OUT [IT 
RX IN [T2 
DRIVER OUT [l3 
RX IN Q? 


IjO RX OUT 

T7] DRIVER IN 

16] RXOUT 

15] GND 


DRIVER OUT QT 
RX IN (12 
DRIVER OUT fl3 


10 RX OUT 

T7] DRIVER IN 

Ttil GND 


r 


ON/OFF 01 


15] DRIVER DISABLE 


N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 
(.600" WIDE) (.300" WIDE) 


N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 
(.600” WIDE) (.300" WIDE) 


Tjmax = 
Tjmax = 

50°C, 0 JA = 56°C/W (N) 

150°C, 0ja = 68°C/W (S) 


Tjmax = 150 o C,e JA = 56 o C/W(N) 

Tjmax = 150°C, 0j A = 68°C/W (S) 
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LT1130A/LT1140A Series 


PACKAG6/ORD6R IRFORmATlOA 


5-DRIVER/3-RECEIVER 


rm 

5 vv cc r 

ci + Bp 


cr 

DRIVER OUT 
DRIVER OUT 
RX IN 
DRIVER OUT 
DRIVER OUT 
RX IN 
DRIVER OUT 
RX IN 


N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 
(.300" WIDE) (.300” WIDE) 


Tjmax = 150°C, 0 JA = 58°C/W (l\l) 
Tjmax = 150°C, 0j A = 80°C/W (S) 


— o — 

LT1132A 

13 v 

H C2” 

13 C2 + 

F] DRIVER IN 

13 DRIVER IN 

T| RXOUT 

18] DRIVER IN 

LT1132ACN 

LT1132ACS 

v + U 

5VV CC [J 

cr [T 
cr [T 

DRIVER OUT d 
RXIN d 

C7 

LT1133A 


DRIVER IN 
i3 RXOUT 

1 C 1 nDf\/ED IM 


DRIVER OUT d 
RXIN d 
RXIN d 




1 0 1 Unlvfcn IN 

IS RXOUT 
l3 GND 


RX IN {To 
DRIVER OUT Oi 
RXIN m 



ORDER PART 
NUMBER 


3-DRIVER/5-RECEIVER 


m v 


C2 + 


j DRIVER IN 
j RX OUT 
j DRIVER IN 
j RX OUT 
] RX OUT 
] RX OUT 
] DRIVER IN 
] RX OUT 
GND 


N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 
(.300" WIDE) (.300" WIDE) 


Tjmax = 15O°C,0j A = 58 o C/W(N) 
Tjmax = 15O°C,0j A = 8O°C/W(S) 


ORDER PART 
NUMBER 


LT1133ACN 

LT1133ACS 


4-DRIVER/4-RECEIVER 



v+ [T 

5VV CC d 

cr d 
cr [7 

DRIVER OUT |J 
RX IN [IF ■ 
DRIVER OUT \T 
RX IN [F 
DRIVER OUT [][ 
RX IN [TO 
DRIVER OUT 01 
RX IN 01 


N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 
(.300" WIDE) (.300" WIDE) 


Tjmax = 150°C, 0 JA = 58°C/W (N) 
Tjmax = 150°C, 0 JA = 80°C/W (S) 


ORDER PART 
NUMBER 


5-DRIVER/3-RECEIVER 
WITHOUT CHARGE PUMP 


LT1134ACN 

LT1134ACS 

LT1134AIN 

LT1134AIS 



N PACKAGE S PACKAGE 

20-LEAD PLASTIC DIP 20-LEAD PLASTIC SOL 
(.300” WIDE) (.300” WIDE) 


Tjmax = 15O°C ! 0j A = 79°C/W(N) 
Tjmax = 150°C, 0 JA = 85°C/W (S) 


ORDER PART 
NUMBER 


LT1135ACN 

LT1135ACS 


4-DRIVER/5-RECEIVER WITH SHUTDOWN 


28] V~ 

13 C2' 

|| C2 + 

DRIVER IN 
■[H RX OUT 

■ 23] DRIVER IN 

■ H RX OUT 
HI DRIVER IN 
13 RX OUT 
T3 DRIVER IN 
U RX OUT 
T7] RX OUT 
T3 GND 

15] DRIVER DISABLE 


N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 
(.600” WIDE) (.300“ WIDE) 

Tjmax = 15O°C,0ja = 56 o C/W(N) 
Tjmax = 15O°C,0ja = 68°C/W(S) 



ORDER PART 
NUMBER 


3-DRIVER/5-RECEIVER WITH SHUTDOWN 


LT1136ACN 

LT1136ACS 


v + E 

5W CC d 
cr d 
cr d 

DRIVER OUT [T 
RX IN OF 
DRIVER OUT [T 
RX IN [J 
RX IN [? 
RXiN [TO 
DRIVER OUT QT 
RXIN [12 
ON/OFF Ql 
NC 



ORDER PART 
NUMBER 


13 DRIVER IN 
24] RX OUT 
13 DRIVER IN 
13 RXOUT 
3D RXOUT 

13 RX OUT 

U DRIVER IN 
H RXOUT 
17] GND 

T3 DRIVER DISABLE 
I] NC 


LT1137ACG 

LT1137ACN 

LT1137ACS 

LT1137AIN 

LT1137AIS 


G PACKAGE N PACKAGE S PACKAGE 

28-LEAD PLASTIC SSOP 28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 
(.300“ WIDE) (.600" WIDE) (.300" WIDE) 

Tjmax = 150°C, 0 JA = 96°C/W (G) 

Tjmax = 150°C, 0 JA = 56°C/W (N) 

Tjmax = 150°C, 0 JA = 68°C/W (S) 
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LT 1 1 30 A/ LT 11 40 A Series 


PRCKRGC/ORDCR IRFORmRUOR 


5-DRIVER/3-RECEIVER WITH SHUTDOWN 

TOP VIEW 

V + 

5VV CC 
C1 + 

cr 

DRIVER OUT 
DRIVER OUT 
RX IN 
DRIVER OUT 
RX IN 
DRIVER OUT 
RX IN 
DRIVER OUT 
ON/OFF 
NC 


G PACKAGE N PACKAGE S PACKAGE 

28-LEAD PLASTIC SSOP 28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 
(.300" WIDE) (.600" WIDE) (.300" WIDE) 



H C2“ 

] C2 + 

DRIVER IN 
DRIVER IN 
RX OUT 
DRIVER IN 
RX OUT 
20] DRIVER IN 
l|] RX OUT 
H] DRIVER IN 
T7] GND 

1 DRIVER DISABLE 

m nc 


ORDER PART 
NUMBER 


LT1138ACG 

LT1138ACN 

LT1138ACS 


4-DRIVER/4-RECEIVER WITH SHUTDOWN 
WITH 12V AND 5V SUPPLIES 


TOP VIEW 


N.C. [7 
5VV CC U 
12V INPUT [7 

O 

LT1139A 

24] V~ 
m C" 

22] C + 

RX IN []F 


20] RX OUT 


RX IN \T 
DRIVER OUT ITT 


H] RX OUT 

771 DRIVER IN 


RX IN 

f*Vn 

16] RX OUT 

15 1 DRIVER IN 


DRIVER OUT [To 
RX IN Q7 

ON/OFF Q1 

ISn 

HI RXOUt 

13] GND 



N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 
(.300" WIDE) (.300" WIDE) 


ORDER PART 
NUMBER 


LT1139ACN 

LT1139ACS 


Tjmax = 150°C, 0j A = 96°C/W (G) 
Tjmax = 150°C, 0j A = 56°C/W (N) 
Tjmax = 150°C, e JA = 68°C/W (S) 


Tjmax = 150°C, 0 JA = 58°C/W (N) 
Tjmax = 150°C, 0 JA = 80°C/W (S) 


5-DRIVER/3-RECEIVER WITH SHUTDOWN 
WITHOUT CHARGE PUMP 


ORDER PART 
NUMBER 


3-DRIVER/5-RECEIVER WITH SHUTDOWN 
WITHOUT CHARGE PUMP 


ORDER PART 
NUMBER 


TOP VIEW 


12V V + [T 

5VV CC [7 

— o — 

LT1140A 

24] -12V V" 

m n.c. 

N.C. [T 

i °5| 


DRIVER OUT [T 
RX IN [T 
DRIVER OUT [7 
DRIVER OUT |T 
RX IN [7 

J| — ^ 

20] RXOUT 

T|] DRIVER IN 

1 DRIVER IN 

77] RXOUT 

16] DRIVER IN 

“FS 

—jfgt 

DRIVER OUT [To 
RX IN [TT 
ON/OFF [77 


1 5 1 RX OUT 

E GND 

13] DRIVER DISABLE 


LT1140ACN 

LT1140ACS 


12V v + [7 

5VV C c [7 LT 1A 

N C. U I £>o 

RX IN [7 -r 
DRIVER OUT [T - 
RX IN [¥ - 
DRIVER OUT [7 - 
RX IN \J - 
DRIVER OUT |T - 
RX IN [10 - 
RX IN [TT - 
ON/OFF [12 



24] -12V V" 

23] N.C. 

IU RX OUT 
2l] DRIVER IN 
20] RX OUT 
19] DRIVER IN 
1 RX OUT 
TT] DRIVER IN 
ll] RX OUT 
75] RX OUT 
H] GND 

13] DRIVER DISABLE 


LT1141ACN 

LT1141ACS 


N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 
(.300" WIDE) (.300“ WIDE) 


N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 
(.300" WIDE) (.300" WIDE) 


Tjmax = 150°C, 0 JA = 58°C/W (N) 
Tjmax = 150°C, 0ja = 80°C/W (S) 


Tjmax = 150°C, e JA = 58°C/W (N) 
Tjmax = 150°C, e JA = 80 °C/W (S) 


Consult factory for Military grade parts. 


ELECTRICRl CHARACTERISTICS (Note 2) 


PARAMETER | CONDITIONS | MIN TYP MAX | UNITS 

Power Supply Generator 


V + Output 



8.6 

V 

V“ Output 



-7.8 

V 

5V V cc Supply Current: LT1130A, LT1131A, LT1132A, 
LT1133A, LT1134A, LT1136A, LT1138A 

(Note 3) 

• 

15 

25 

mA 

5V V cc Supply Current: LT1135A, LT1140A, LT1141A 

(Note 3), V + = 12V, V“ = -12V 

• 

8 

15 

mA 

5V Vcc Supply Current: LT1137A 

(Note 3) 

• 

12 

17 

mA 

5 V Vcc Supply Current: LT1139A 

(Note 3), V + = 12V 

• 

8 

15 

mA 

12V V + Supply Current: LT1135A, LT1140A, LT1141A 

(Note 3), V~ = —12V 

• 

1 

4 

mA 


rj unm 
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LT1130A/LT1 140 A Series 


€l€CTRICRl CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

12V V + Supply Current: LT1139A 

(Note 3) 

• 


6 

10 

mA 

-12V V- Supply Current: LT1135A, LT1140A, LT1141A 

(Note 3) V + = 12V 

• 


2 

6 

mA 

Supply Current when OFF (Vcc) 

SHUTDOWN (Note 4) 

• 


1 

10 

pA 


DRIVER DISABLE 



4 


mA 

Supply Rise Time 

Cl, C2, C + , C“ = I.OpF 



2.0 


ms 

SHUTDOWN to Turn-On 

C + ,C- = 0.1|iF, Cl , C2 = 0.2pF 



0.2 


ms 

ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 



1.4 

0.8 

V 


Input High Level (Device Enabled) 

• 

2.4 

1.4 


V 

ON/OFF Pin Current 

OV < Vqn/off ^ 5V 

• 

-15 


80 

pA 

DRIVER DISABLE Pin Thresholds 

Input Low Level (Drivers Enabled) 

• 


1.4 

0.8 

V 


Input High Level (Drivers Disabled) 

• 

2.4 

1.4 


V 

DRIVER DISABLE Pin Current 

OV < Vqriver disable £ 5V 

• 

-10 


500 

pA 

Oscillator Frequency 



130 | 

kHz 

Any Driver 

Output Voltage Swing 

Load = 3ktoGND Positive 

• 

5 

7.3 


V 


Negative 

• 


-6.5 

-5 

V 

Logic Input Voltage Level 

Input Low Level (Vqut= High) 

• 


1.4 

0.8 

V 


Input High Level (Vquj = Low) 

• 

2 

1.4 


V 

Logic Input Current 

0.8V<V|n<2V 

• 


5 

20 

pA 

Output Short-Circuit Current 

V OU t = 0V 


±9 

±17 


mA 

Output Leakage Current 

SHUTDOWN V out = ±30V (Note 4) 

• 


10 

100 

pA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ps 


R l = 3k, C L = 2500pF 



6 


V/ps 

Propagation Delay 

Output Transition t H L High-to-Low (Note 5) 



0.6 

1.3 

ps 


Output Transition tm Low-to-High 



0.5 

1.3 

ps 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vquj = High) 

• 

0.8 

1.3 


V 


Input High Threshold (Vout = Low) 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

V 1N = ±10V 


3 

5 

7 

kQ 

Output Voltage 

Output Low, Iout = -1.6mA 

• 


0.2 

0.4 

V 


Output High, Iqut = 1 60pA (V C c = 5V) 

• 

3.5 

4.2 


V 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < V 0UT < V cc 

• 


1 

10 

pA 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 



-20 

-10 

mA 


Sourcing Current, Vqut= OV 


10 

20 


mA 

Propagation Delay 

Output Transition t HL High-to-Low (Note 6) 



250 

600 

ns 


Output Transition Low-to-High 



350 

600 

ns 


The • denotes specifications which apply over the operating temperature 
range (0°C < Ta < 70°C for commercial grade and -40°C < Ta < 85°C for 
industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at Vcc = 5 V and Vqn/off = 3V. 

Note 3: Supply current is measured with driver and receiver outputs 
unloaded and the driver inputs tied high. 

Note 4: Supply current and driver leakage current measurements in 
SHUTDOWN are performed with Von/off = O.T V. Supply current measure- 
ments using DRIVER DISABLE are performed with Vdriver disable = 3V. 


For LT1 1 35A, LT1 1 39A, LT1 1 40A and LT1 1 41 A with 1 2V supplies, V 0U t 
leakage is 200pA for V 0 ut forced to ±25V. 

Note 5: For driver delay measurements, Rl = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (t^ = 1 .4V to 0 V and ttH = 1 .4V to OV). 

Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points 
are set between the receiver’s input logic threshold and the output 
transition to standard TTL/CMOS logic threshold (t^L = 1.3V to 2.4V 
and t LH = 1 .7V to 0.8V). 

Note 7: For the LT1133A and LT1137A absolute maximum externally 
applied V“ = 6.5V. Internal charge pump will drive this pin to a higher 
negative voltage. 
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THRESHOLD VOLTAGE (V) SUP 


LTH30A/LT1140A Series 


TVPICfll P€RFORmnnC€ CHRRRCT6RISTICS 


Driver Output Voltage 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT 1 1 30A • TPC01 


Receiver Input Thresholds 

3.00 
2.75 
_2.50 
m 2.25 

CD 

§2.00 

l 1 - 75 

§1.50 

CO 

£ 1.25 

:n 

H " 1.00 
0.75 
0.50 

-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
































INf 

>UTHI 




— 

— 

- ~“ J 


t3 

e 





INI 

J UT LC 

m 







3 


















LT1137A-TPC02 



0 25 50 75 100 125 150 

DATA RATE (kBaud) 

LT1130A*TPC03 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1137A*TPC04 


< 


E 


Supply Current in 
DRIVER DISABLE 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1137A*TPCQ5 


DRIVER DISABLE Threshold 



TEMPERATURE (°C) 


LT1137A • TPC06 


ON/OFF Thresholds 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1 137A • TPC07 


Supply Current 




TEMPERATURE (°C) 

LT1137A ■ TPC09 
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LT1130A/LT1140A Series 


TVPICAl P€RFOnmnnC€ CHARRCTCRISTICS 


Driver Short-Circuit Current 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1137A-TPC10 


Receiver Short-Circuit Current 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1130A-TPC11 



pm Funcnons 

Vcc: 5 V Input Supply Pin. Supply current drops to zero in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 pF ceramic capacitor close to the package pin. Insuf- 
ficient supply bypassing can result in low output drive 
levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: Control the operation mode of the device and is 
TTL/CMOS compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply curent to 
zero and places all of the drivers and receivers in high 
impedance state. A logic high fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 


in a high impedance state. Receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic low level fully enables the transceiver. A logic 
low on the ON/OFF pin supersedes the state of the Driver 
Disable pin. Supply current drops to 4mA when in DRIVER 
DISABLE mode. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vqc - 
1 .5 V. This pin requires an external charge storage capaci- 
tor C > 1 .OpF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V" pins may be paralleled into 
common capacitors. For large numbers of transceivers, 
increasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 
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LT1130A/LT1140A Series 


pm Funcuons 

V": Negative Supply Output (RS232 Drivers). \l~~ -(2Vcc 
- 2.5V). This pin requires an external charge storage 
capacitor C > 0.1 jj.F. V" is short-circuit proof for 
30 seconds. 

C1 + , Cl", C2 + , C2~: Commutating Capacitor Inputs. 
These pins require two external capacitors C > 0.2|iF: one 
from C1 + to Cl", and another from C2 + to C2~. To 
maintain charge pump efficiency, the capacitor’s effective 
series resistance should be less than 2Q. For C > 1 pF, low 
ESR tantalum capacitors work well in this application, 
although small value ceramic capacitors may be used 
with a minimal reduction in charge pump compliance. In 
applications where larger positive voltages are available, 
such as 1 2 V, Cl may be omitted and the positive voltage 
may be connected directly to the Cl + pin. In this mode of 
operation, the V + pin should be decoupled with a O.lpF 
ceramic capacitor. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 


Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, Vcc = 0V, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V - + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD toll OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. Outputs are fully 
short-circuit protected to ground or Vcc with the power 
on, off, or in SHUTDOWN mode. 


€SD PROTCCTIOn 


The RS232 line inputs of the LT1 1 30A/LT 1 1 40A series of 
RS232 Driver/Receivers have on-chip protection from 
ESD transients up to ±1 OkV. The protection structures act 
to divert the static discharge safely to system ground. In 
order for the ESD protection to function effectively, the 
power supply and ground pins of the LT1 1 30A/LT1 140A 
must be connected to ground through low impedances. 
The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is 
that low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V + , V" and GND shorted to ground or connected with low 
ESR capacitors. 


ESD Test Circuit 



±J 

DRIVER 1 I 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT 
GND 

DRIVER DISABLE 

LT1 130A • ESD TC 
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LT1130A/LTn40A Series 

TYPICAL APPLICATIONS 


Operation Using 5V and 12V Power Supplies 



Typical Mouse Driving Application 



XTUffi® 
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F€ATUR€S 

■ ESD Protection over ±10kV 

■ Uses Small Capacitors: 0.1 pF, 0.2pF 

■ IpA Supply Current in SHUTDOWN 

■ Pin Compatible with LT1137 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power: 60mW 

■ Operates from a Single 5 V Supply 

■ Easy PC Layout: Flowthrough Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When Off 
or Powered Down 

■ Improved Protection: RS232 I/O Lines Can Be Forced 
to ±30V without Damage 

■ Output Overvoltage Does Not Force Current Back 
into Supplies 

■ Absolutely No Latch-up 

■ Available in SO Package 

APPLICATION 

■ Notebook Computers 

■ Palmtop Computers 


Advanced Low Power 
5V RS232 Transceiver with 
Small Capacitors 

DCSCRIPTIOn 

The LT1 1 37A is a three-driver, five-receiver RS232 trans- 
ceiver, pin compatible with the LT1137, offering perfor- 
mance improvements and two SHUTDOWN modes. The 
LT 1 1 37A’s charge pump is designed for extended compli- 
ance, and can deliver over 40mA of load current. Supply 
current is typically 12mA, competitive with similar CMOS 
devices. An advanced driver output stage operates up to 
120k baud while driving heavy capacitive loads. 

The LT 1 1 37A is fully compliant with all EIA-RS232 speci- 
fications. Special bipolar construction techniques protect 
the drivers and receivers beyond the fault conditions 
stipulated for RS232. Driver outputs and receiver inputs 
can be shorted to ±30V without damaging the device or 
the power supply generator. In addition, the RS232 I/O 
pins are resilient to multiple ±10kV ESD strikes. 

The transceiver has two SHUTDOWN modes. One mode 
disables the drivers and the charge pump, the other shuts 
down all circuitry. While shut down, the drivers and 
receivers assume high impedance output states. 


TVPICAl APPIICATIOA 



33 

DRIVER IN 
RX OUT 
DRIVER IN 
RX OUT 

{>o- — RX OUT 

JT 20 

T>0— — RX OUT 

IQ 

— DRIVER IN 
~ RX OUT 
17 GND 


0.1|iF "^jj 


0.1 [iF 


TO LOGIC 


LT1137*TA01 


Output Waveforms 


RECEIVER 
OUTPUT 
C L = 50pF 


DRIVER 
OUTPUT 
R L = 3k 
C L = 2500pF 


INPUT 



LT1 137A • TA02 
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LT1137A 


rbsoiutc mnximum ratiogs prckrgc/ordcr mFORmnnon 


(Note 1) 

Supply Voltage (V cc ) 

6 V 

v + 

13.2V 

V- (Note 7) 

-6.5V 

Input Voltage 

Driver 

V toV + 

Receiver 

-30V to 30V 

Output Voltage 

Driver 

-30V to 30V 

Receiver 

... -0.3V to V cc + 0.3V 

Short Circuit Duration 

V + 

30 sec 

V" 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

LT1137AC 

0°C to 70°C 

LT1137AI 

-40°C to 85°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


5VV CC K 
ci + |T 
cr \T 


IT 


DRIVER 0UT[T-*r 
RX IN [J — * r 

DRIVER OUT | T ' 

RX!N [T 
RX IN |T 
RX IN go 
DRIVER OUT g? 

RX IN g? 
ON/OFF g3 
NC g4 


TOP VIEW 

^7 


IH 


[>o- 20 ] 

r— ^<3— m 

l — 0° — iU 

J m 

a 

a 


V" 

C2~ 

C2 + 

DRIVER IN 
RX OUT 
DRIVER IN 
RX OUT 
RX OUT 
RX OUT 
DRIVER IN 
RX OUT 
GND 
DRIVER 
DISABLE 
NC 


ORDER PART 
NUMBER 


LT1137ACN 

LT1137ACS 

LT1137ACG 

LT1137AIN 

LT1137AIS 


N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD SOL 


G PACKAGE 
28-LEAD SSOP 


TjMAX = 150°C,e JA = 56°C/W(N) 
Tjmax = 150°C, 0ja = 85°C/W (S) 
Tjmax = 150°C, 6 ja = 96°C/W (G) 


Consult factory for Military grade parts. 


€l€CTRICRl CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Generator 

V + Output 



8.6 

V 

V" Output 



-7.2 

V 

Supply Current (Vcc) 

(Note 3) 

• 


12 

17 

mA 

Supply Current When OFF (V C c) 

SHUTDOWN (Note 4) 

• 


1 

10 

pA 


DRIVER DISABLE 



4 


mA 

Supply Rise Time 

Cl, C2, C + , C"= IjoF, 



2.0 


ms 

SHUTDOWN to Turn-On 

C + , C“ = O.IjliF, Cl, C2 = 0.2joF 



0.2 


ms 

0N/0FF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 



1.4 

0.8 

V 


Input High Level (Device Enabled) 


2.4 

1.4 


V 

0N/0FF Pin Current 

OV < Von/off ^ 5V 


-15 


80 

pA 

Driver Disable Pin Thresholds 

Input Low Level (Drivers Enabled) 

• 


1.4 

0.8 

V 


Input High Level (Drivers Disabled) 

• 

2.4 

1.4 


V 

Driver Disable Pin Current 

OV < V DR |ver disable ^ 5V 

• 

-10 


500 

pA 

Oscillator Frequency 



130 

kHz 
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LT1137A 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 



MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

Load = 3k to GND Positive 

• 

5.0 

7.5 


V 


Negative 

• 


-6.3 

-5.0 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (V 0 ut = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V < V| N < 2V 

• 


5 


mA 

Output Short-Circuit Current 

Vout = 0V 


±17 I 

mA 

Output Leakage Current 

SHUTDOWN V 0U T = ±25V (Note 4) 

• 


10 

100 

pA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ps 


Li_ 

Q_ 

O 

CD 

LO 

C\J 

11 

o 

CO 

II 

cc! 


4 

15 


V/ps 

Propagation Delay 

Output Transition t^ High to Low (Note 5) 



0.6 

1.3 

ps 


Output Transition t L n Low to High 



0.5 

1.3 

ps 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vout = High) 

• 

0.8 

1.3 


V 


Input High Threshold (Vout = Low) 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V| N = ±10V 


3 

5 

7 

kQ. 

Output Voltage 

Output Low, louT = “ 1 -5mA 

• 


0.2 

0.4 

V 


Output High, l 0UT = 160pA (V CC = 5V) 

• 

3.5 

4.2 


V 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < V 0U t < V CC 

• 


1 

10 

pA 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 



-20 

-10 

mA 


Sourcing Current, Vout = 0V 


10 

20 


mA 

Propagation Delay 

Output Transition t H L High to Low (Note 6) 



250 

600 

ns 


Output Transition tLH Low to High 



350 

600 

ns 


The • denotes specifications which apply over the operating temperature 
range (0°C < Ta < 70°C for commercial grade, and -40°C < T A < 85°C for 
industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at Vcc = 5 V and Von/off = 3 V. 

Note 3: Supply current is measured with driver and receiver outputs 
unloaded and the driver inputs tied high. 

Note 4: Supply current and leakage current measurements in SHUTDOWN 
are performed with Von/off = 0.1V. Supply current measurements using 
DRIVER DISABLE are performed with disable = 3V. 


Note 5: For driver delay measurements, R|_ = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tnL = 1 -4V to 0V and t^n = 1 .4V to 0V). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (% = 1 .3V to 2.4V and tLH = 1 -7V 
to 0.8V). 

Note 7: Absolute maximum externally applied voltage. Internal charge 
pump may force a larger value on this pin. 
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TVPicni p€ftFonmnnc€ chmmctcristics 


Driver Output Voltage 


Receiver Input Thresholds 


Supply Current vs Data Rate 
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LT1137A-TPC02 


Supply Current in 
DRIVER DISABLE 
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Driver Disable Threshold 
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On/Off Thresholds 


Supply Current 
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LT1137A 


TYPICAL P€RFORmfiflC€ CHRRRCT€RISTICS 


Driver Short-Circuit Current 



-55 -25 0 25 50 75 

TEMPERATURE (°C) 


LT1137A»TPC10 


SHUTDOWN to Driver Output 


DRIVER io 
OUTPUT HIGH 
R L = 3k 


DRIVER 
OUTPUT LOW 

R|_ = 3k -10 



Receiver Short-Circuit Current 

5 ° i 1 1 1 1 1 r 



o i i i i i i i i 

-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1 137A • TPC1 1 

Driver Output Waveforms 

DRIVER OUTPUT 
R L = 3k 

DRIVER OUTPUT 
R L = 3k 
Cl = 2500pF 

INPUT 

LT1 137A • TPC13 



pm Funcuons 

Vcc: 5 V Input Supply Pin. Supply current drops to zero in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 pF ceramic capacitor close to the package pin. Insuf- 
ficient supply bypassing can result in low output drive 
levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Operating Mode Control. 
A logic low puts the device in the SHUTDOWN mode which 
reduces input supply current to zero and places all of the 
drivers and receivers in high impedance state. A logic high 
fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 


in a high impedance state. Receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic low level fully enables the transceiver. A logic 
low on the On/Off pin supersedes the state of the Driver 
Disable pin. Supply currentdropsto4mA when in DRIVER 
DISABLE mode. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vcc - 
1 .5 V. This pin requires an external charge storage capaci- 
tor C > 0.1 pF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V" pins may be paralleled into 
common capacitors. For large numbers of transceivers, 
increasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 
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LT1137A 


pin Funcuons 

V - : Negative Supply Output (RS232 Drivers). V" « - 
(2Vcc-2.5V). This pin requires an external charge storage 
capacitor C > O.lpF. V" is short-circuit proof for 30 
seconds. 

C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C > 0.2pF: one from 
C1 + to Cl", and another from C2 + to C2". To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 2Q. For C > IpF, low ESR 
tantalum capacitors work well in this application, although 
small value ceramic capacitors may be used with a mini- 
mal reduction in charge pump compliance. In applications 
where larger positive voltages are available, such as 12V, 
Cl may be omitted and the positive voltage may be 
connected directly to the C1 + pin. In this mode of opera- 
tion, the V + pin should be decoupled with a 0.1 pF ceramic 
capacitor. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to \Iqc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 


Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SFIUTDOWN mode, Vcc = 0V, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V" + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. Outputs are fully 
short-circuit protected to ground or Vcc with the power 
on, off, or in SHUTDOWN mode. 


CSD PROTCCTIOn 


The RS232 line inputs of the LT1137A have on-chip 
protection from ESD transients up to ±10kV. The protec- 
tion structures act to divert the static discharge safely to 
system ground. In order forthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1137A must be connected to ground through low 
impedances. The power supply decoupling capacitors and 
charge pump storage capacitors provide this low imped- 
ance in normal application of the circuit. The only con- 
straint is that low ESR capacitors must be used for 
bypassing and charge storage. ESD testing must be done 
with pins Vcc, V + , V - and GND shorted to ground or 
connected with low ESR capacitors. 


ESD Test Circuit 



0.1nF=p 
0.2|u.F + 

+ dr 
DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 


OHS- RX5 OUT 

GND 

16 


DRIVER DISABLE 


LT1137A • ESDTC 
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TYPICAL fippucmions 

Operation Using 5V and 12V Power Supplies 



Typical Mouse Driving Application 
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LT 1 1 80A/LT 1 1 81 A 


Low Power 5V RS232 
Dual Driver/Receiver with 
0.1 |iF Capacitors 


F€ATUR€S 

■ ESD Protection over ±10kV 

■ Uses Small Capacitors: O.ljxF 

■ Operates to 120k Baud 

■ Outputs Withstand ±30V Without Damage 

■ CMOS Comparable Low Power: 40mW 

■ Operates from a Single 5 V Supply 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When Off 
or Powered Down 

■ Meets All RS232 Specifications 

■ Available With or Without Shutdown 

■ Absolutely No Latch-up 

■ Available in SO Package 

rppu onions 

■ Portable Computers 

■ Battery-Powered Systems 

■ Power Supply Generator 

■ Terminals 

■ Modems 


DCSCRIPTIOn 

The LT 1 1 80A/LT 1 1 81 A are dual RS232 driver/receiver 
pairs with integral charge pump to generate RS232 volt- 
age levels from a single 5 V supply. These circuits feature 
rugged bipolar design to provide operating fault tolerance 
and ESD protection unmatched by competing CMOS 
designs. Using only 0.1 pF external capacitors, these cir- 
cuits consume only 40mW of power, and can operate to 
1 20k baud even while driving heavy capacitive loads. New 
ESD structures on the chip allow the LT1 1 80A/LT 1 1 81 A to 
survive multiple ±10kV strikes, eliminating the need for 
costly T ransZorbs® on the RS232 line pins. The LT1 1 80A/ 
LT1181A are fully compliant with EIA RS232 standards. 
Driver outputs are protected from overload, and can be 
shorted to ground or up to ±30V without damage. During 
SHUTDOWN or power-off conditions, driver and receiver 
outputs are in a high impedance state, allowing line 
sharing. 

The LT1 1 81 A is available in 1 6-pin DIP and SO packages. 
The LT1180A is supplied in 18-pin DIP and SO packages 
for applications which require SHUTDOWN. 

TransZorb is a registered trademark of General Instruments, GSI 
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LT11 80A/LT1 181 A 


rrsolutc mnximum rrtirgs 



Supply Voltaqe (Vnn) 

6V 

Short-Circuit Duration 


V + ..... 

13.2V 

V + 

30 sec 

v- 

-13.2V 

v- 

30 sec 

Input Voltage 


Driver Output 

Indefinite 

Driver 

V"to V + 

Receiver Output 

Indefinite 

Receiver 

-30V to 30V 

Operating Temperature Range 


ON/OFF 

-0.3V to 12V 

LT1 1 80AI/LT 1 1 81 Al 

. -40°C to 85°C 

Output Voltage 


LT 1 1 80AC/LT 1181 AC 

0°C to 70°C 

Driver 

V + - 30V to V" + 30V 

Storage Temperature Range 

-65°C to 150°C 

Receiver 

-0.3V to V cc + 0.3V 

Lead Temperature (Soldering, 10 sec).. 

300°C 


PRCKRG€/ORD€R IRFORRIRTIOR 



TOP VIEW 


ORDER PART 
NUMBER 


TOP VIEW 


ORDER PART 
NUMBER 

NC \T 


18] ON/OFF 





ci + E 
v + E 
cr E 

C2 + E 
C2 _ E 

v E 

TR2 OUT E 
REC2IN E 


H Vcc 

15] GND 

14] TR1 OUT 

TH REC1 IN 

TU REC1 OUT 

ID TR1 IN 

10] TR2 IN 

T\ REC2 OUT 


ci + E 
v + E 
cr \T 

C2 + [T 
C2" E 

v-U 

TR2 OUT [][ 
REC2 IN E 


jU v cc 

16] GND 

15] TR1 OUT 

REC1 IN 

13] REC1 OUT 
jU TR1 IN 

TT] TR2 IN 

To] REC 2 OUT 

LT1180AIN 

LT1180ACN 

LT1180ACS 


LT1181AIN 

LT1181ACN 

LT1181ACS 







N PACKAGE S PACKAGE 

18-LEAD PLASTIC DIP 18-LEAD PLASTIC SOL 


IN rAOISAut S> rAUISAbt 

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 


Tjmax = 125°C, 0j A = 80°C/W, 0jc = 36°C/W (N) 

Tjmax = 1 25°C, 0j A = 90°C/ W, 0 JC = 26°C/W (S) 


Tjmax = 125°C, 0 JA = 90°C/ W, 0 JC = 46°C/W (N) 

Tjmax = 125°C, 0 JA = 95°C/W, 0 JC = 27°C/W (S) 



Consult factory for Military grade parts. 


€l€CTRICRL CHRRRCT€RISTICS (Note 2) 


PARAMETER [ CONDITIONS 1 MIN TYP MAX [ UNITS 

Power Supply Generator 


V + Output 



7.9 

V 

V" Output 



-7.0 

V 

Supply Current (Vcc) 

(Note 3), T a = 25°C 


9 13 

mA 



• 

16 

mA 

Supply Current When OFF (Vcc) 

SHUTDOWN (Note 4) LT1180A Only 

• 

1 10 

mA 

Supply Rise Time 

Cl = C2 = C3 = C4 = 0.1 pF 


0.2 

ms 

SHUTDOWN to Turn-On 

LT1180A Only 


0.2 

ms 

ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 

• 

0.8 1.2 

V 


Input High Level (Device Enabled) 

• 

1.6 2.4 

V 

ON/OFF Pin Current 

0V < Von/off ^ 5V 

• 

-15 80 

MA 

Oscillator Frequency 



130 

kHz 

Driver 





Output Voltage Swing 

Load = 3k to GND Positive 

• 

5.0 7.5 

V 


Negative 

• 

-6.3 -5.0 

V 
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LT1180A/LT1 181 A 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vqut = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V <V m < 2.0V 

• 


5 

20 

pA 

Output Short-Circuit Current 

< 

o 

<= 

— 1 

II 

% 


9 

17 


mA 

Output Leakage Current 

SHUTDOWN V OU t = ±30V (Note 4) 

• 


10 

100 

pA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ps 


R l = 3k, C L = 2500pF 


4 

7 


V/ps 

Propagation Delay 

Output Transition Ihl High-to-Low (Note 5) 



0.6 

1.3 

ps 


Output Transition tLH Low-to-High 



0.5 

1.3 

ps 

Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vqut = High) 


0.8 

1.3 


V 


Input High Threshold (Vout = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V| N = ±10V 


3 

5 

7 

k£2 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < V 0U t * V cc 

• 

1 10 

pA 

Output Voltage 

Output Low, Iqut = -1.6mA 

• 


0.2 

0.4 

V 


Output High, I 0U t = 160|aA (V cc = 5V) 

• 

3.5 

4.2 


V 

Output Short-Circuit Current 

Sinking Current, Vout = v cc 



-20 

-10 

mA 


Sourcing Current, Vout = OV 


10 

20 


mA 

Propagation Delay 

Output Transition tHL High-to-Low (Note 6) 



250 

600 

ns 


Output Transition Low-to-High 



350 

600 

ns 


The • denotes specifications which apply over the operating temperature 
range (0°C < T A < 70°C for commercial grade, and -40°C < T A < 85°C for 
industrial grade. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at Vcc = 5 V and Von/off = 3V, unless otherwise 
specified. 

Note 3: Supply current is measured as the average over several charge 
pump cycles. C + = C" = Cl = C2 = O.IjliF. All outputs are open, with all 
driver inputs tied high. 


Note 4: Supply current measurements in SHUTDOWN are performed with 
Von/off^ 0.1V. 

Note 5: For driver delay measurements, R|_ = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tnL = 1 -4V to 0V and tm = 1 .4V to 0V). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t hl = 1 -3V to 2.4V and ty-i = 1 .7 V 
to 0.8V). 


TVPICRL PERFORRlAnCE CHARACTERISTICS 


Driver Maximum Output Voltage 
vs Load Capacitance 



012345678 9 10 

LOAD CAPACITANCE (nF) 

LT1180A*TPC01 


Driver Minimum Output Voltage 
vs Load Capacitance 



012345678 9 10 

LOAD CAPACITANCE (nF) 

LT1180A«TPC02 


Driver Output Voltage 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1180A*TPC03 
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LTH80A/LT1 181 A 

tvpicri PCRFonmnnce characteristics 


Receiver Input Thresholds Supply Current vs Data Rate ON/OFF Thresholds 



TEMPERATURE (°C) DATA RATE (kBAUD) TEMPERATURE (°C) 


LT1180A-TPC04 LT1180A-TPC05 LT1180A*TPC06 


Supply Current Driver Leakage in Shutdown Driver Short-Circuit Current 



TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C) 

LT1180A*TPC07 LT1180A «TPC08 LT1180A-TPC09 


Receiver Short-Circuit Current 



TEMPERATURE (°C) 


LT1180A*TPC10 


Slew Rate vs Load Capacitance 



o l 1 1 1 1 1 1 1 1 1 1 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
LOAD CAPACITANCE (nF) 


LT 1 1 80A * TPC1 1 
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LT1 1 80A/LT1 181 A 


Tvpicni P€RFORmnncc chrrrctcristics 



LT1180A-TPC12 


Driver Output Waveforms 


DRIVER OUTPUT 
Ri_ = 3k 
C L = 2500pF 


DRIVER OUTPUT 
R L = 3k 


INPUT 



LT1180A-TPC13 


pin Funcnons 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a O.lpF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: A TTL/CMOS Compatible Operating Mode Con- 
trol. A logic low puts the LT1180A in SHUTDOWN mode. 
Supply current drops to zero and both driver and receiver 
outputs assume a high impedance state. A logic high fully 
enables the device. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vpc - 
1 .5V. This pin requires an external charge storage capaci- 
tor C > 0.1(oF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V" pins may be paralleled into 
common capacitors. 

V": Negative Supply Output (RS232 Drivers). V~ = - 
(2Vcc-2.5V). This pin requires an external charge storage 
capacitor C > 0.1 pF. Larger value capacitors may be used 
to reduce supply ripple. With multiple transceivers, the V + 
and V~ pins may be paralleled into common capacitors. 

TR1 IN, TR2 IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

TR1 OUT, TR2 OUT: Driver Outputs at RS232 Voltage 
Levels. Driver output swing meets RS232 levels for loads 
up to 3k. Slew rates are controlled for lightly loaded lines. 


Output current capability is sufficient for load conditions 
up to 2500pF. Outputs are in a high impedance state when 
in SHUTDOWN mode, Vcc = 0V, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from' 
V" + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 

REC1 IN, REC2 IN: Receiver Inputs. These pins accept 
RS232 level signals (±30V) into a protected 5k terminat- 
ing resistor. The receiver inputs are protected against ESD 
to ±1 OkV for human body model discharges. Each receiver 
provides 0.4V of hysteresis for noise immunity. Open 
receiver inputs assume a logic low state. 

REC1 OUT, REC2 0UT: Receiver outputs with TTL/CMOS 
Voltage Levels. Outputs are in a high impedance state 
when in SHUTDOWN mode to allow data line sharing. 
Outputs are fully short-circuit protected to ground or Vcc 
with the power ON, OFF or in the SHUTDOWN mode. 

C1 + , C1“, C2 + , C2”: Commutating Capacitor Inputs. 
These pins require two external capacitors C > 0.1 pF: one 
from C1 + to C1 _ and another from C2 + to C2~. Cl should 
be deleted if a separate 12V supply is available and 
connected to pin C1 + . Similarly, C2 should be deleted if a 
separate -12V supply is connected to pin V - . 
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LT1 1 80A/LT1 181 A 


€SD PROTCCTIOn 

The RS232 line inputs of the LT 1 1 80A/LT 1 1 81 A have on- 
chip protection from ESD transients up to ±10kV. The 
protection structures act to divert the static discharge 
safely to system ground. In order for the ESD protection to 
function effectively, the power supply and ground pins of 
the circuit must be connected to ground through low 
impedances. The power supply decoupling capacitors and 
charge pump storage capacitors provide this low imped- 
ance in normal application of the circuit. The only con- 
straint is that low ESR capacitors must be used for 
bypassing and charge storage. ESD testing must be done 
with pins Vcc, V|_, V + , V", and GND shorted to ground or 
connected with low ESR capacitors. 


ESD Test Circuit 



TVPicni nppucnnons 

Operation Using 5V and 12V Power Supplies 
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LT1180A/LT1 181 A 


TYPICAL flPPLICflTIOnS 


Supporting an LT1039 (Triple Driver/Receiver) 
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LT1237 


rrimm 

TECHNOLOGY 5V RS232 Transceiver with 

Advanced Power Management and 
One Receiver Active in SHUTDOWN 


katurcs 

■ One Receiver Remains Active While in SHUTDOWN 

■ ESD Protection over ±10kV 

■ Uses Small Capacitors: O.lpF, 0.2pF, I.OpF 

■ 60pA Supply Current in SHUTDOWN 

■ Pin-Compatible with LT1137A 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power 30mW 

■ Operates from a Single 5V Supply 

■ Easy PC Layout - Flowthrough Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When Off 
or Powered Down 

■ Absolutely No Latchup 

■ Available in SO and SSOP Packages 

nppucnTions 

■ Notebook Computers 

■ Palmtop Computers 


DCSCRIPTIOn 

The LT1237 is an advanced low power three driver, five 
receiver RS232 transceiver. Included on the chip is a 
shutdown pin for reducing supply current near zero. 
During SHUTDOWN one receiver remains active to detect 
incoming RS232 signals, for example, to wake up a 
system. 

The LT1237 is fully compliant with all EIA RS232 specifi- 
cations. New ESD structures on the chip allow the LT 1 237 
to survive multiple ±10kV strikes, eliminating the need foi 
costly TransZorbs® on the RS232 line pins. 

The LT1 237 operates in excess of 1 20k baud even driving 
heavy capacitive loads. Two SHUTDOWN modes allow the 
driver outputs to be shut down separately from the receiv- 
ers for more versatile control of the RS232 interface. 
During SHUTDOWN, drivers and receivers assume a high 
impedance state. 


TransZorb® is a registered trademark of General Instruments, GSI 


TYPicni nppiicnnon 




0.1 hF "J+ 



O.IjiF 


TO LOGIC 


RECEIVER 
OUTPUT 
C L = 50pF 

DRIVER 
OUTPUT 
Ri_ = 3k 
Cl = 2500pF 


RING DETECT IN 

^CONTROLLER OR 
^PROCESSOR 

SHUTDOWN 
CONTROL OUT 


Output Waveforms 
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LT1237 


absoiutc maximum ratirgs 


PRCKRG€/ORD€R niFORmnTion 


(Note 1) 

Supply Voltage (Vcc) 

6V 

V + 

13.2V 

v- 

-13.2V 

Input Voltage 

Driver 

V - to V + 

Receiver 

-30V to 30V 

Output Voltage 

Driver 

-30V to 30 V 

Receiver -0.3V to Vcc + 0.3V 

Short Circuit Duration 

v + 

30 sec 

v- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

LT1237I 

. -40°C to 85°C 

LT1237C 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec).. 

300°C 


v + 

5VVcc 

C1 + 

cr 

DR1 OUT 
RX1 IN 
DR2 OUT 
RX2 IN 
RX3IN 
RX4 IN 
DR3 OUT 
RX5IN 
(LOW-Q) 
ON/OFF 
NC 




■*<h 

-t>- 






V~ 

C2“ 

C2 + 

DR1 IN 
RX1 OUT 
DR2IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DR3IN 
RX5 OUT 
(LOW-Q) 
GND 
DRIVER 
DISABLE 
NC 


J PACKAGE N PACKAGE 

28-LEAD CERAMIC DIP 28-LEAD PLASTIC DIP 


S PACKAGE 
28-LEAD SOL 


G PACKAGE 
28-LEAD SSOP 


Tjmax = 150°C, 0 JA = 62°C/W (J) 
Tjmax = 150°C, 0 JA = 56°C/W (N) 
Tjmax = 150°C, e JA = 85°C/W (S) 
Tjmax = 150°C, e JA = 96°C/W (G) 


ORDER PART 
NUMBER 


LT1237IJ 

LT1237IN 

LT1237CJ 

LT1237CN 

LT1237CS 

LT1237CG 


Consult factory for Military grade parts. 


€l€CTRICAl CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Generator 

V + Output 



7.9 

V 

V" Output 



-7 

V 

Supply Current (V C c) 

T a = 25°C (Note 3) 



6 

12 

mA 



• 


6 

14 

mA 

Supply Current when OFF (Vcc) 

SHUTDOWN (Note 4) 

• 


0.06 

0.15 

mA 


DRIVER DISABLE 



3.00 


mA 

Supply Rise Time 

Cl = C2 = 0.2|iF, 



2 


ms 

SHUTDOWN to Turn-On 

C + = I.OjliF, C~ = O.IjuF 






ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 

• 

0.8 

1.2 


V 


Input High Level (Device Enabled) 

• 


1.6 

2.4 

V 

ON/OFF Pin Current 

0V < Von/off £ 5V 

• 

-15 


80 

PA 

Driver Disable Pin Thresholds 

Input Low Level (Drivers Enabled) 

• 

0.8 

1.4 


V 


Input High Level (Drivers Disabled) 

• 


1.4 

2.4 

V 

Driver Disable Pin Current 

0V < VdrivER DISABLE ^ 5V 

• 

-10 


500 

pA 

Oscillator Frequency 

Driver Outputs Loaded Rl = 3k 


130 

kHz 


XT urn 
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LT1237 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

Load = 3ktoGND Positive 

• 

5.0 

7.5 


V 


Negative 

• 


-6.3 

-5.0 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (V 0 ut = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V < V| N < 2V 

• 


5 

20 

pA 

Output Short-Circuit Current 

V OU T = 0V 


9 

17 


mA 

Output Leakage Current 

SHUTDOWN V O ut = ±30V (Note 4) 

• 


10 

100 

pA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ps 


R l = 3k, C L = 2500pF 


4 

7 


V/ps 

Propagation Delay 

Output Transition tpL High to Low (Note 5) 



0.6 

1.3 

ps 


Output Transition tm Low to High 



0.5 

1.3 

ps 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vout = High) 


0.8 

1.3 


V 


Input High Threshold (Vout = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V| N =±10V 


3 

5 

7 

kQ 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < Vqut S V cc 

• 


1 

10 

pA 

Receivers 1, 2, 3, 4 

Output Voltage 

Output Low, Ioltt = — 1 .6mA 

• 


0.2 

0.4 

V 


Output High, Iout = 160pA (V G c = 5 V) 

• 

3.5 

4.2 


V 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 


-10 

-20 


mA 


Sourcing Current, Vqut = OV 


10 

20 


mA 

Propagation Delay 

Output Transition t^ High to Low (Note 6) 



250 

600 

ns 


Output Transition t L p Low to High 



350 

600 

ns 

Receiver 5 (LOW Isupply RX) 

Output Voltage 

Output Low, Iqut = — 500joA 

• 


0.2 

0.4 

V 


Output High, Iout = 160pA (Vcc = 5V) 

• 

3.5 

4.2 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-2 

-4 


mA 


Sourcing Current, Vout = OV 


2 

4 


mA 

Propagation Delay 

Output Transition tpL High to Low (Note 6) 



1.0 

3 

ps 


Output Transition t L H Low to High 



0.6 

3 

ps 


The • denotes specifications which apply over the operating temperature 
range (0°C < Ta < 70°C for commercial grade, and -40°C < Ta < 85°C for 
industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at Vcc = 5V and Vqn/off = 3V, unless otherwise 
specified. 

Note 3: Supply current is measured as the average over several charge 
pump burst cycles. C + = I.OpF, C~ = 0.1 pF, Cl = C2 = 0.2pF. All outputs 
are open, with all driver inputs tied high. 


Note 4: Measurements in SHUTDOWN are performed with Von/off ^ O.T V. 
Supply current measurements using DRIVER DISABLE are performed with 
Vdriver disable ^ 3 V. 

Note 5: For driver delay measurements, R|_ = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tpL = 1 .4V to OV and t|_H = 1 -4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (tnL = 1 -3V to 2.4V and tLH = 1 7V 
to 0.8V). 
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TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Driver Output Voltage 
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1237 G01 


Receiver Input Thresholds 
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Supply Current vs Data Rate 
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Supply Current in 
DRIVER DISABLE 
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Driver Disable Threshold 
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TVPicni p€RFOftmnnc€ charactcristics 


Driver Short-Circuit Current 
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1237 G11 


Receiver Output Waveforms 


RX5 OUTPUT 
C L = 50pF 

RX1 TO RX4 
OUTPUT 
C L = 50pF 


INPUT 



Driver Output Waveforms 


DRIVER OUTPUT 
R l = 3k 
C L = 2500pF 

DRIVER OUTPUT 
R L = 3k 


INPUT 



1237 G13 


pm Funaions 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Operating Mode Control. 
A logic low puts the device in the low power SHUTDOWN 
mode. Allthreedriversandfourreceivers(RX1 , RX2, RX3, 
and RX4) assume a high impedance output state in SHUT- 
DOWN. Only receiver RX5 remains active while the trans- 
ceiver is in SHUTDOWN. The transceiver consumes only 
60pA of supply current while in SHUTDOWN. A logic high 
fully enables the transceiver. 


DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all driver 
outputs in a high impedance state. All five receivers remain 
active under these conditions. Floating the driver disable 
pin or driving it to a logic low level fully enables the 
transceiver. A logic low on the On/Off pin supersedes the 
state of the Driver Disable pin. Supply current drops to 
3mA when in DRIVER DISABLE mode. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vcc - 
1.5V. This pin requires an external charge storage capaci- 
tor C > 1 .OpF, tied to ground or Vcc- Larger value capacir 
tors may be used to reduce supply ripple. The ratio of the 
capacitors on V + and V" should be greater than 5 to 1. 
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pm Funcnons 

V - : Negative Supply Output (RS232 Drivers). V~= -(2Vcc 
- 2.5V). This pin requires an external charge storage 
capacitor C > 0.1 pF. See the Applications Information 
section for guidance in choosing filter capacitors for V + 
and V - . 

C1 + , Cl', C2 + , C2": Commutating Capacitor Inputs, re- 
quire two external capacitors C > 0.2pF: one from C1 + to 
Cl ", and another from C2 + to C2". The capacitor’s effec- 
tive series resistance should be less than 2£X For C > 1 pF, 
low ESR tantalum capacitors work well in this application, 
although small value ceramic capacitors may be used with 
a minimal reduction in charge pump compliance. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 
Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, Vcc = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V" + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 


supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (+30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkVfor 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs RX1, RX2, RX3, and RX4 are in a high 
impedance state when in SHUTDOWN mode to allow data 
line sharing. Outputs, including LOW-Q RX OUT, are fully 
short-circuit protected to ground or Vcc with the power 
on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low Power Receiver Input. This 
special receiver remains active when the part is in SHUT- 
DOWN mode, consuming typically 60pA. This receiver has 
the same 5k input impedance and ±10kV ESD protection 
characteristics as the other receivers. 

LOW Q-CURRENT RX OUT: Low Power Receiver Output. 
This pin produces the same TTL/CMOS output voltage 
levels as receivers RX1, RX2, RX3, and RX4 with slightly 
decreased speed and short-circuit current. Data rates to 
120k baud are supported by this receiver. 


€SD PROT€CTIOn 


The RS232 line inputs of the LT 1 237 have on-chip protec- 
tion from ESD transients up to ±10kV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT 1 237 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is that 
low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V|_, V + , V", and GND shorted to ground or connected with 
low ESR capacitors. 


ESD Test Circuit 



Z 0.2|iF + 

+ ~±r 

DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT (LOW-Q) 
GND 

DRIVER DISABLE 
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nppucnnons mFonmnnon 

Storage Capacitor Selection 

The V + and V - storage capacitors must be chosen care- 
fully to insure low ripple and stable operation. The LT 1 237 
charge pump operates in a power efficient Burst Mode™. 
When storage capacitor voltage drops below a preset 
threshold, the oscillator is gated on until V + and V" are 
boosted up to levels exceeding a second threshold. The 
oscillator then turns off, and current is supplied from the 
V + and V' storage capacitors. 

The V" potential is monitored to control charge pump 
operation. It is therefore important to insure lower V + 
ripple than V - ripple, or erratic operation of the charge 
pump will result. Proper operation is insured in most 
applications by choosing the V + filter capacitor to be at 
least 5 times the V - filter capacitor value. If V + is more 
heavily loaded than V", a larger ratio may be needed. 

The V" filter capacitor should be selected to obtain low 
ripple when the drivers are loaded, forcing the charge 
pump into continuous mode. A minimum value O.ljxF is 
suggested. 


Do not attempt to reduce V - ripple when the charge pump 
is in discontinuous Burst Mode™ operation. The ripple in 
this mode is determined by internal comparator thresh- 
olds. Larger storage capacitor values increase the burst 
period, and do not reduce ripple amplitude. 

Power Saving Operational Modes 

The LT1237 has both SHUTDOWN and DRIVER DISABLE 
operating modes. These operating modes can optimize 
power consumption based upon applications needs. 

The On/Off shutdown control turns off all circuitry except 
for Low-Q RX5. When RX5 detects a signal, this informa- 
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the DRIVER 
DISABLE mode provides a power efficient operating op- 
tion. The DRIVER DISABLE mode turns off the charge 
pump and RS232 drivers, but keeps all five receivers 
active. Power consumption in DRIVER DISABLE mode is 
3mA from Vcc- 


Burst Mode™ is a trademark of Linear Technology Corporation 


Typical Mouse Driving Application 
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F€RTUR€S 

■ 10mA Max Supply Current 

■ ESD Protection over ±10kV 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120k Baud 

■ Outputs Withstand ±30V Without Damage 

■ CMOS Comparable Low Power: 40mW 

■ Operates from a Single 5 V Supply 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When Off 
or Powered Down 

■ Meets All RS232 Specifications 

■ Available With or Without Shutdown 

■ Absolutely No Latch-up 

■ Available in SO Package 

rppucrtiors 

■ Portable Computers 

■ Battery-Powered Systems 

■ Power Supply Generator 

■ Terminals 

■ Modems 


LT1280A/LT1281 A 

Low Power 5V RS232 
Dual Driver/Receiver with 
0. 1 jaF Capacitors 

DCSCRIPTIOR 

The LT 1 280A/LT 1 281 A are dual RS232 driver/receiver 
pairs with integral charge pump to generate RS232 volt- 
age levels from a single 5V supply. These circuits feature 
rugged bipolar design to provide operating fault tolerance 
and ESD protection unmatched by competing CMOS 
designs. Using only 0.1 jxF external capacitors, these cir- 
cuits consume only 40mW of power, and can operate to 
1 20k baud even while driving heavy capacitive loads. New 
ESD structures on the chip allow the LT 1 280A/LT 1 281 Ato 
survive multiple ±10kV strikes, eliminating the need for 
costly T ransZorbs® on the RS232 line pins. The LT1 280A/ 
LT1281A are fully compliant with EIA RS232 standards. 
Driver outputs are protected from overload, and can be 
shorted to ground or up to ±30V without damage. During 
SHUTDOWN or power-off conditions, driver and receiver 
outputs are in a high impedance state, allowing line 
sharing. 

The LT1281A is available in 16-pin DIP and SO packages. 
The LT1280A is supplied in 18-pin DIP and SO packages 
for applications which require SHUTDOWN. 

TransZorb is a registered trademark of General Instruments, GSI 


TVPICRl RPPUCRTIOn 
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Output Waveforms 
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LT 1 280A/LT 1 28 1 A 


absolute mnximum rrtirgs 

Supply Voltage (Vcc) 6 V 

V + 13.2V 

V -13.2V 

Input Voltage 

Driver V _ toV + 

Receiver -30V to 30V 

ON/OFF -0.3V to 12V 

Output Voltage 

Driver V + - 30V to V" + 30V 

Receiver -0.3V to Vcc + 0.3V 


Short-Circuit Duration 

V + 30 sec 

V“ 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT 1 280AI/LT 1 281 Al -40°C to 85°C 

LT 1 280AC/LT 1 281 AC 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IflFORmATIOn 


TOP VIEW 


NC [T 

O 

18] ON/OFF 

ci + |T 


2] Vcc 

v + U 


iH GND 

cr [T 


H TR1 OUT 

C2 + GE 


13 REC1 'N 

C2" [T 


jU REC1 OUT 

V" IX 


12] TR1 IN 

TR2 OUT [T 


n} TR2 IN 

REC2IN U 


W] REC2 OUT 


N PACKAGE S PACKAGE 

18-LEAD PLASTIC DIP 18-LEAD PLASTIC SOL 


ORDER PART 
NUMBER 


LT1280AIN 

LT1280ACN 

LT1280ACS 


TOP VIEW 


C1 + [T 

v + [T 
cr |T 

C2 + \T 
C2“ U 
V~ |T 
TR2 OUT \T 
REC2IN |T 


16 ] Vcc 
if] GND 
if] TR1 OUT 
ID REC1 IN 
ID REC1 OUT 
TT| TR1 IN 
if] TR2 IN 
]0 REC2 OUT 


N PACKAGE S PACKAGE 

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 


ORDER PART 
NUMBER 


LT1281AIN 

LT1281ACN 

LT1281ACS 


Tjmax = 125°C, 0 JA = 80°C/W, 9j C = 36°C/W (N) 
Tjmax = 125°C, 0j A = 90°C/W, 6jc = 26°C/W (S) 


Tjmax = 125°C, 0j A = 90°C/W, 0 JC = 46°C/W (N) 
Tjmax = 125°C, 0 JA = 95°C / W, 0 JC = 27°C/W (S) 


CLCCTRICRL CHRRRCT€RISTICS (Note 2) 


PARAMETER j CONDITIONS | MIN TYP MAX [ UNITS 

Power Supply Generator 


V + Output 



7.9 

V 

V" Output 



-7.0 

V 

Supply Current (Vcc) 

(Note 3), T A = 25°C 


8 10 

mA 



• 

14 

mA 

Supply Current When OFF (Vcc) 

SHUTDOWN (Note 4) LT1280A Only 

• 

1 10 

MA 

Supply Rise Time 

Cl = C2 = C3 = C4 = 0.1 ^F 


0.2 

ms 

SHUTDOWN to Turn-On 

LT1280A Only 


0.2 

ms 

ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 

• 

0.8 1.2 

V 


Input High Level (Device Enabled) 

• 

1.6 2.4 

V 

ON/OFF Pin Current 

0V < Von/off ^ 5V 

• 

-15 80 

mA 

Oscillator Frequency 



130 

kHz 

Driver 





Output Voltage Swing 

Load = 3k to GND Positive 

• 

5.0 7.5 

V 


Negative 

• 

-6.3 -5.0 

V 
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LT1280A/LT1 281 A 


€l€CTRICRl CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V <V| N < 2.0V 

• 


5 

20 

pA 

Output Short-Circuit Current 

Vout = OV 


9 

17 


mA 

Output Leakage Current 

SHUTDOWN Vqut = ±30V (Note 4) 

• 


10 

100 

pA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ms 


R l = 3k, C L = 2500pF 


4 

7 


V/ns 

Propagation Delay 

Output Transition t^ High-to-Low (Note 5) 



0.6 

1.3 

MS 


Output Transition ten Low-to-High 



0.5 

1.3 

MS 

Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vout = High) 


0.8 

1.3 


V 


Input High Threshold (Vout = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V|M = ±10V 


3 

5 

7 

kQ 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < V 0U t ^ V cc 

• 


1 

10 

mA 

Output Voltage 

Output Low, | 0UT = -1.6mA 

• 


0.2 

0.4 

V 


Output High, l 0UT = 160pA (Vcc = 5V) 

• 

3.5 

4.2 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 



-20 

-10 

mA 


Sourcing Current, V 0 ut = OV 


10 

20 


mA 

Propagation Delay 

Output Transition t H L High-to-Low (Note 6) 



250 

600 

ns 


Output Transition tm Low-to-High 



350 

600 

ns 


The • denotes specifications which apply over the operating temperature 
range (0°C < T A < 70°C for commercial grade, and -40°C < T A < 85°C for 
industrial grade. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at Vcc = 5 V and Vqn/off = 3V, unless otherwise 
specified. 

Note 3: Supply current is measured as the average over several charge 
pump cycles. C + = C“ = Cl = C2 = O.IjliF. All outputs are open, with all 
driver inputs tied high. 


Note 4: Supply current measurements in SHUTDOWN are performed with 
VoN/OFF — 0-1 V. 

Note 5: For driver delay measurements, Rl = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (t H L = 1 .4 V to OV and tLH = 1 .4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (% = 1 -3V to 2.4V and = 1 .7V 
to 0.8V). 


TVPicni P€RFonmnnc€ characteristics 


Driver Maximum Output Voltage 
vs Load Capacitance 



LOAD CAPACITANCE (nF) 


Driver Minimum Output Voltage 
vs Load Capacitance 
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TVPICfll P€RFORmnnC€ CHRRRCTCRISTICS 


Receiver Input Thresholds 
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LT1280A-TPC05 


ON/OFF Thresholds 
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TEMPERATURE (°C) 

LT1280A • TPC06 


Supply Current 



LT1280A-TPC07 



TEMPERATURE (°C) 

LT 1280 A • TPC08 


Driver Short-Circuit Current 
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LT1280A • TPC09 


Receiver Short-Circuit Current 



LT1280A»TPC10 


Slew Rate vs Load Capacitance 



o i i i i i i I I i i I 
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LOAD CAPACITANCE (nF) 
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TVPicni P€RFORmnnc€ chmuktcmstics 



LT1280A*TPC12 


Driver Output Waveforms 


DRIVER OUTPUT 
R L = 3k 
C L = 2500pF 


DRIVER OUTPUT 
R l = 3k 


INPUT 



LT1280A*TPC13 


pm Funcuons 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1 piF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: A TTL/CMOS Compatible Operating Mode Con- 
trol. A logic low puts the LT1280A in SHUTDOWN mode. 
Supply current drops to zero and both driver and receiver 
outputs assume a high impedance state. A logic high fully 
enables the device. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vqc - 
1 .5 V. This pin requires an external charge storage capaci- 
tor C > 0.1 piF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V - pins may be paralleled into 
common capacitors. 

V": Negative Supply Output (RS232 Drivers). V _ =-(2Vcc 
- 2.5 V). This pin requires an external charge storage 
capacitor C> 0.1 pF. Larger value capacitors may be used 
to reduce supply ripple. With multiple transceivers, the V + 
and V" pins may be paralleled into common capacitors. 

TR1 IN, TR2 IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

TR1 OUT, TR2 OUT: Driver Outputs at RS232 Voltage 
Levels. Driver output swing meets RS232 levels for loads 
up to 3k. Slew rates are controlled for lightly loaded lines. 


Output current capability is sufficient for load conditions 
up to 2500pF. Outputsare in a high impedance state when 
in SHUTDOWN mode or Vcc = OV. Outputs are fully short- 
circuit protected from \l~ + 30 V to V + - 30V. Applying 
highervoltages will not damage thedevice if the overdrive 
is moderately current limited. Short circuits on one 
output can load the power supply generator and may 
disrupt the signal levels of the other outputs. The driver 
outputs are protected against ESD to +10kV for human 
body model discharges. 

REC1 IN, REC2 IN: Receiver Inputs. These pins accept 
RS232 level signals (+30V) into a protected 5k terminat- 
ing resistor. The receiver inputs are protected against ESD 
to ±1 OkVfor human body model discharges. Each receiver 
provides 0.4V of hysteresis for noise immunity. Open 
receiver inputs assume a logic low state. 

REC1 OUT, REC2 0UT: Receiver outputs with TTL/CMOS 
Voltage Levels. Outputs are in a high impedance state 
when in SHUTDOWN mode to allow data line sharing. 
Outputs are fully short-circuit protected to ground or Vcc 
with the power ON, OFF or in the SHUTDOWN mode. 

C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. 
These pins require two external capacitors C > 0.1 pF: one 
from Cl + to C1“ and another from C2 + to C2~. Cl should 
be deleted if a separate 12V supply is available and 
connected to pin C1 + . Similarly, C2 should be deleted if a 
separate -12V supply is connected to pin V - . 
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LT1280A/LT1 281 A 


€SD PROT€CTIOn 

The RS232 line inputs of the LT 1 280A/LT 1 281 A have on- 
chip protection from ESD transients up to ±10kV. The 
protection structures act to divert the static discharge 
safely to system ground. In orderforthe ESD protection to 
function effectively, the power supply and ground pins of 
the circuit must be connected to ground through low 
impedances. The power supply decoupling capacitors and 
charge pump storage capacitors provide this low imped- 
ance in normal application of the circuit. The only con- 
straint is that low ESR capacitors must be used for 
bypassing and charge storage. ESD testing must be done 
with pins Vcc, Vl, V + , V“, and GND shorted to ground or 
connected with low ESR capacitors. 


ESD Test Circuit 



TYPICAL APPUCATIOAS 

Operation Using 5V and 12V Power Supplies 
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LT1280A/LT1281A 


TYPICAL flPPUCATIOnS 


Supporting an LT1039 (Triple Driver/Receiver) 
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LTC1327 
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TECHNOLOGY 3 , 3 V Micropower EIA/TIA-562 

Transceiver 


FCRTURCS 

■ Low Supply Current 300pA 

■ 0.2pA Supply Current in SHUTDOWN 

■ ESD Protection ±10kV 

■ Operates From a Single 3.3V Supply 

■ Uses Small Capacitors O.lpF 

■ Operates To 120k Baud 

■ Three-State Outputs are High Impedance When Off 

■ Output Overvoltage Does Not Force Current Back 
Into Supplies 

■ EIA/TIA-562 I/O Lines Can Be Forced to +25V 
Without Damage 

■ Flowthrough Architecture 

rppucrtiors 

■ Notebook Computers 

■ Palmtop Computers 


DttCRIPTIOR 

The LTC1 327 is an advanced low power, three-driver/five- 
receiver EIA/TIA-562 transceiver. In the no load condition, 
the supply current is only 300pA. The charge pump only 
requires four 0.1 pF capacitors. 

In SHUTDOWN mode, the supply current is further re- 
duced to 0.2pA. All EIA/TIA-562 outputs assume a high 
impedance state in SHUTDOWN and with the power off. 

The LTC1327 is fully compliant with all data rate and 
overvoltage EIA/TIA-562 specifications. The transceiver 
can operate up to 120k Baud with a 1000pF//3ki2 load. 
Both driver outputs and receiver inputs can be forced to 
±25V without damage, and can survive multiple ±10kV 
ESD strikes. 


TVPICRL RPPUCRTIOR 


3-Drivers/5-Receivers with SHUTDOWN 


Supply Current vs Temperature 




TEMPERATURE (°C) 


LTC1327 • TA02 
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LTC1327 


absolute mnximum ratirgs package/order mFonmnnon 


Supply Voltage (Vcc) 5V 


Input Voltage 

Driver 

..-0.3V to (V cc + 0.3V) 

Receiver 

-25V to 25V 

On/Off Pin 

..-0.3V to (V cc + 0.3V) 

Output Voltage 

Driver 

-25V to 25V 

Receiver 

. -0.3V to (V cc + 0.3V) 

Short-Circuit Duration 

V + 

30 sec 

v- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

Commercial LTC1327C 

0°C to 70°C 

Storage Temperature Range 

-65°c to 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 


TOP VIEW 


V + 

Vcc 
C1 + 
cr 
DR1 OUT 
RX1 IN 
DR2 OUT 
RX2IN 
RX3IN 
RX4IN 
DR3 OUT 
RX5IN 
ON/OFF 
NC 




-Kj-iU 

->o-24] 

— o<3— m 


-M 


-°<H 




IE] 


m 

1] 


33 

1] 


V" 

C2 + 

C2" 

DR1 IN 
RX1 OUT 
DR2IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DR3IN 
RX5 OUT 
GND 
NC 
NC 


G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 
S PACKAGE 
28-LEAD PLASTIC SOL 


Tjmax = 125°C, 0j A = 96°C/W (G) 
Tjmax = 125°C, e JA = 56°C/W (N) 
Tjmax = 125°C, e JA = 85°C/W (S) 


ORDER PART 
NUMBER 


LTC1327CG 

LTC1327CN 

LTC1327CS 


Consult factory for Industrial and Military grade parts. 


DC ELECTRICAL characteristics Vqc = 3.3V, Cl to C4 = O.IjliF, unless otherwise noted. 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

Positive 

• 

3.7 

4.5 


V 


Negative (3k to GND) 

• 

-3.7 

-4.5 


V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2 

1.4 


V 

Logic Input Current 

V| N = 3.3 

• 



5 

pA 


V|N = 0 

• 



-5 

pA 

Output Short-Circuit Current 

Vout = OV 


±7 

mA 

Output Leakage Current 

SHUTDOWN (Note 3),V OU t = ±20V 



±10 

±500 

pA 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 

1.3 


V 


Input High Threshold 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

V| N = ±10V 


3 

5 

7 

kQ 

Output Voltage 

Output Low, Iout = -1 .6mA (Vqq = 3.3V) 

• 


0.2 

0.4 

V 


Output High, Iout = 160pA (Vqc = 3.3V) 

• 

3 

3.2 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vqc 


-2 

-10 


mA 

Output Leakage Current 

SHUTDOWN (Note 3), 0 < V 0U t £ V cc 

• 


1 

10 

pA 
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LTC1327 


DC €l€CTRICRl CHRRRCTCRISTICS Vqq = 3.3V, Cl to C4 = Q.lpF, unless otherwise noted. 


PARAMETER | CONDITIONS I MIN TYP MAX | UNITS 

Power Supply Generator 


V + Output Voltage 

Iqut = 

Iout = 5mA 


5.7 

5.5 

V 

V 

V" Output Voltage 

Iout = OmA 



-5.3 


V 


•out = —5mA 



-5.0 


V 

Supply Rise Time 

SHUTDOWN to Turn-On 


| 0.2 

ms 

Power Supply 

Vqc Supply Current 

No Load (Note 2) 

• 


0.3 

0.5 

mA 

Supply Leakage Current (V C c) 

SHUTDOWN (Note 3) 

• 


0.2 

10 

pA 

On/Off Threshold Low 


• 


1.4 

0.8 

V 

On/Off Threshold High 


• 

2 

1.4 


V 

RC CHARACTERISTICS 

Slew Rate 

R l = 3k, C L = 51 pF 



6 

30 

V/jLtS 


R l = 3k, C L = lOOOpF 


3 

5 


V/ps 

Driver Propagation Delay 

f|HLD 

• 


2 

3.5 

ps 

(TTL to EI/VTIA-562) 

tLHD 

• 


2 

3.5 

ps 

Receiver Propagation Delay 

tHLR 

• 


0.3 

0.8 

ps 

(EIA/TIA-562 to TTL) 

tLHR 

• 


0.2 

0.8 

ps 


The • denotes specifications which apply over the operating temperature 
(0°C <T a < 70°C). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Supply current is measured with driver and receiver output 
unloaded and driver inputs tied high. 

Note 3: Supply current measurement in SHUTDOWN mode is performed 
with Von/off = OV. 


TVPicni pcrforrirrcc chrrrctcmstics 


Driver Output Voltage vs 
Temperature 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


Receiver Input Thresholds vs 



TEMPERATURE (°C) 


1327 G01 


1327 G02 


Supply Current vs Data Rate 



5-50 


jT\sm 









LTC1327 


typical pcftFonmnncc charactcristics 


Vqc Supply Current vs Data Rate 

5.0 
4.5 

4.0 
t 3.5 
g 3.0 


> 2.0 
Q_ 

i 1.5 

CO 

1.0 
0.5 
0 

0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 



Driver Leakage in SHUTDOWN 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


Driver Short-Circuit Current vs 
Supply Voltage 

14 1 1 1 1 1 1 r 



o 


2 


0 I I I I I I I I 

0 10 20 30 40 50 60 70 

SUPPLY VOLTAGE (V) 


< 

E 


cc 

o 

X 

CO 


Receiver Short-Circuit Current 



0 10 20 30 40 50 60 70 


Driver Output Waveform 


DRIVER 
OUTPUT 
R l = 3k 


DRIVER 
OUTPUT 
R l = 3k 
C L = lOOOpF 


INPUT 



1327 G08 


TEMPERATURE (°C) 


Receiver Output Waveform 



1327 G07 


pm Funcuons 

Vcc:3 .3 V Input Supply Pin. Supply current 0.2pA in the 
SHUTDOWN mode. This pin should be decoupled with a 
O.lpF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in SHUTDOWN mode which reduces 
the supply current to 0.2pA and places all drivers and 
receivers in high impedance state. This pin cannot float. 

V + : Positive Supply Output (EIA/TIA-562 Drivers). 

V + = 2Vcc - IV. This pin requires an external capacitor 


C = 0.1 pF for charge storage. The capacitor may be tied to 
ground or 3.3 V. With multiple devices, the V + and V“ pins 
may be paralleled into common capacitors. For large 
numbers of devices, increasing the size of the shared 
common storage capacitors is recommended to reduce 
ripple. 

V": Negative Supply Output (EIA/TIA-562 Drivers). 
\l~=- (2V CC -1.3). This pin requires an external capacitor 
C = O.lpF for a charge storage. 


XTUflAg 


5-51 











LTC1327 
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C1\ C1“, C2 + , C2": Commutating Capacitor Inputs. 
These pins require two external capacitors C = 0.1 pF. One 
from C1 + to C1“, and another from C2 + to C2“. To 
maintain charge pump efficiency, the capacitor’s effective 
series resistance should be less than 20D. 

DR IN: EIA/TIA-562 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to \Iqc- 

DR OUT: Driver Outputs at EIA/TIA-562 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 


DOWN mode or Vcc = 0V. The driver outputs are protected 
against ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins can be forced to ±25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs With TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. 


T€ST CIRCUITS 


ESD Test Circuit Driver Timing Test Load 
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LTC1327 


SIlllTCHIflG Time WIW€FORfTlS 


DR INPUT 

DR OUTPUT 


Driver Propagation Delay Timing 




t|_HD- 


£ 


^OV 

tHLD 


Vcc 

OV 

V + 

V“ 


Receiver Propagation Delay Timing 


RX INPUT 

RX OUTPUT 


X: 


tLHR - 


-€• 


£ 


■ Vcc 

- OV 

- Vcc 


tHLR 


nppuennons inFonmnnon 

The LTC1327 is compatible with RS232 parts. This table 
shows some devices and the receiver input thresholds. 


MANUFACTURER 

PART NUMBER 

COMPATIBLE 

INPUT LOW THRESHOLD 
(Vil) 

MIN TYP MAX 

INPUT HIGH THRESHOLD 
(V| H ) 

MIN TYP MAX 

Linear Technology 

LT1080 

V 

0.8 

1.3 

- 

- 

1.7 

2.4 


LT1137A 

V 

0.8 

1.3 

- 

- 

1.7 

2.4 


LT1330 

V 

0.8 

1.3 

- 

- 

1.7 

2.4 


LT1281 

V 

0.8 

1.3 

- 

- 

1.7 

2.4 


All Others 

V 

i i 


Texas Instruments 

SN75189 

V 

0.65 

1 

1.25 

0.9 

1.3 

1.6 


SN75189A 

V 

0.65 

1 

1.25 

1.55 

1.9 

2.25 


MAX232 

V 

0.8 

1.2 

- 

- 

1.7 

2.4 


SN75C185 

V 

0.65 

1 

1.25 

1.6 

2.1 

2.55 

Maxim 

MAX232A 

V 

0.8 

1.3 

- 

- 

1.8 

2.4 


MAX241 

V 

0.6 

1.2 

- 

- 

1.5 

2.4 

Sipex 

SP232 

V 

0.8 

1.2 

- 

- 

1.7 

2.4 


SP301 

V 

0.75 

- 

1.35 

1.75 

2.5 


Motorola 

MCI 489 

V 

0.75 

- 

1.25 

1 

- 

1.5 


MC1489A 

V 

0.75 

0.8 

1.25 

1.75 

1.95 

2.25 

National 

DS1489 

V 

0.75 

1 

1.25 

1 

1.25 

1.5 


DS14C89A 

V 

0.5 

- 

1.9 

1.3 

- 

2.7 


xriflH# 
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FCATUACS 

■ 3V Logic Interface 

■ ESD Protection over ±10kV 

■ Uses Small Capacitors: 0.1 pF, 0.2pF, I.OpF 

■ One Low Power Receiver Remains Active While in 
SHUTDOWN 

■ Pin Compatible with LT1137A and LT1237 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power: 30mW 

■ Easy PC Layout - Flowthrough Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When Off 
or Powered Down 

■ Absolutely No Latchup 

■ 60pA Supply Current in SHUTDOWN 

■ Available in SO and SSOP Packages 

APPLICATIOAS 

■ Notebook Computers 

■ Palmtop Computers 


5V RS232 Transceiver with 
3V Logic Interface and One 
Receiver Active in SHUTDOWN 

DCSCMPTIOn 

The LT1330 is a three driver, five receiver RS232 trans- 
ceiver with low supply current. Designed to interface with 
new 3 V logic, the LT1330 operates with both a 5 V power 
supply and a 3V logic power supply. The chip may be shut 
down to micropower operation with one receiver remain- 
ing active to monitor RS232 inputs such as ring detect 
from a modem. 

The LT1 330 is fully compliant with all EIA RS232 specifi- 
cations. Additionally, the RS232 line input and output pins 
are resilient to multiple ±1 OkV ESD strikes. This eliminates 
the need for costly T ransZorbs® on line pins for the RS232 
part. 

The LT1330 operates to 120k baud even driving high 
capacitive loads. During SHUTDOWN, driver and receiver 
outputs are at a high impedance state allowing devices to 
be paralleled. 


TransZorb is a registered trademark of General Instruments, GSI 


TYPICAL APPUCATIOA 

Output Waveforms 
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LT1330 


absolute mnximum RnnnGs 


PRCKRGE/ORDCR inFORfflOTIOn 


(Note 1) 

Supply Voltage (V C c) 

6 V 

Supply Voltage (Vl) 

6 V 

V + 

13.2V 

V" 

-13.2V 

Input Voltage 

Driver 

V'toV + 

Receiver 

-30V to 30V 

Output Voltage 

Driver 

-30 V to 30V 

Receiver - 

0.3V to V L + 0.3V 

Short Circuit Duration 

V + 

30 sec 

v- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

LT1330I 

... -40°C to 85°C 

LT1330C 

0°C to 70°C 

Storage Temperature Range 

. -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 

300°C 


E 
E 
E 
E 
E 
E 
E 
E 
E 

m 

E 
E 

03 
3VV l 04 


V* 

5VV CC 

Cl* 

cr 

DR1 OUT 
RX1 IN 
DR2 OUT 
RX2IN 
RX3 IN 
RX4 IN 
DR3 OUT 
RX5 IN 
(LOW-Q) 
ON/OFF 




m 


-0- 

- 4 - 


->o-p 


->o- 

■*<- 

H>°- 


V" 

C2“ 

C2 + 

DR1 IN 
RX1 OUT 
DR2IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 

DR3IN 

RX5 OUT 

(LOW-Q) 

GND 

DRIVER 

DISABLE 

NC 


J PACKAGE 

28-LEAD CERAMIC DIP 

S PACKAGE 
28-LEAD SOL 


N PACKAGE 
28-LEAD PLASTIC DIP 

G PACKAGE 
28-LEAD SSOP 


ORDER PART 
NUMBER 


LT1330IJ 

LT1330CJ 

LT1330CN 

LT1330CS 

LT1330CG 


Tjmax = 150°C, 0 JA = 62°C/W (J) 
Tjmax= 150°C, 0 JA = 56°C/W (N) 
Tjmax = 150°C, 0j A = 85°C/ W (S) 
Tjmax=150°C, 0 ja = 96°C/W (G) 


Consult factory for Military grade parts. 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX | 

UNITS 

Power Supply Generator 

V + Output 



7.9 

V 

V" Output 



-7 

V 

Supply Current (Vcc) 

T a = 25°C (Note 3) 



6 

12 

mA 



• 


6 

14 

mA 

Supply Current (V L ) 

(Note 4) 



0.1 

1 

mA 

Supply Current When OFF (Vcc) 

SHUTDOWN (Note 5) 

• 


0.06 

0.15 

mA 


DRIVER DISABLE 



3.00 


mA 

Supply Rise Time 

Cl = C2 = 0.2|iF, 



0.2 


ms 

SHUTDOWN to Turn-On 

o 

m 

o 

5. 

o 

1 

II 

p 

% 






ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 

• 

0.8 

1.4 


V 


Input High Level (Device Enabled) 

• 


1.4 

2.4 

V 

ON/OFF Pin Current 

0 V < Von/off £ 5V 

• 

-15 


80 

pA 

Driver Disable Pin Thresholds 

Input Low Level (Drivers Enabled) 

• 

0.8 

1.4 


V 


Input High Level (Drivers Disabled) 

• 


1.4 

2.4 

V 

Driver Disable Pin Current 

0V < Vqriver disable ^ 5V 

• 

-10 


500 

MA 

Oscillator Frequency 

Driver Outputs Loaded Rl = 3k 


| 130 

kHz 


/"TUHfiAB 
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LT1330 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

Load = 3ktoGND Positive 

• 

5.0 

7.5 


V 


Negative 

• 


-6.3 

-5.0 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V < V|n < 2V 

• 


5 

20 

pA 

Output Short-Circuit Current 

V OU T = 0V 


9 

17 


mA 

Output Leakage Current 

SHUTDOWN Vqut = ±30V (Note 5) 

• 


10 

100 

MA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

y/\is 


R l = 3k, C L = 2500pF 


4 

15 


V/ps 

Propagation Delay 

Output Transition t H L High to Low (Note 6) 



0.6 

1.3 

ps 


Output Transition Low to High 



0.5 

1.3 

ps 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vout = High) 


0.8 

1.3 


V 


Input High Threshold (Vout = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V| N = ±10V 


3 

5 

7 

kQ 

Output Leakage Current 

SHUTDOWN (Note 5) 0 < V 0U t £ V cc 

• 


1 

10 

pA 

Receivers 1, 2, 3, 4 

Output Voltage 

Output Low, Iout = -1.6mA 

• 


0.2 

0.4 

V 


Output High, Iout = 1 60pA (Vl = 3V) 

• 

2.7 

2,9 


V 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 


-10 

-20 


mA 


Sourcing Current, Vqut = OV 


10 

20 


mA 

Propagation Delay 

Output Transition t^ High to Low (Note 7) 



250 

600 

ns 


Output Transition t L H Low to High 



350 

o 

o 

CO 

ns 

Receiver 5 (LOW Q-Current RX) 

Output Voltage 

Output Low, Iout = _ 500(iA 

• 


0.2 

0.4 

V 


Output High, Iout = 160|oA (V L = 3 V) 

• 

2.7 

2.9 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-2 

-4 


mA 


Sourcing Current, Vqut = 0V 


2 

4 


mA 

Propagation Delay 

Output Transition t^ High to Low (Note 7) 



1 

3 

ps 


Output Transition t L H Low to High 



1 

3 

ps 


The • denotes specifications which apply over the operating temperature 
range (0°C < Ta < 70°C for commercial grade, and -40°C < Ta < 85°C for 
industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at V C c = 5 V and Von/off = 3V. 

Note 3: Supply current is measured as the average over several charge 
pump burst cycles. C + = 1 .OpF, C" = 0.1 pF, Cl = C2 = 0.2pF. All outputs 
are open, with all driver inputs tied high. 

Note 4: V|_ supply current is measured with all receiver outputs low. 


Note 5: Measurements in SHUTDOWN are performed with Von/off ^ 0.1 V. 
Supply current measurements using DRIVER DISABLE are performed with 
Vdriver disable £ 3 V. 

Note 6: For driver delay measurements, R L = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (t H L = 1 .4V to 0V and t|_H = 1 .4V to 0V). 
Note 7: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t^ = 1 .3V to 2.4V and tLH = 1 -7V 
to 0.8V). 
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Supply Current vs Data Rate 
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pm Funcnons 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

Vl: 3 V Logic Supply Pin for all RS232 Receivers. Like Vcc, 
the Vl input should be decoupled with a 0.1 pF ceramic 
capacitor. This pin may also be connected to 5 V. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Operating Mode Control. 
A logic low puts the device in the low power SHUTDOWN 
mode. All three drivers and four receivers (RX1 , RX2, RX3, 
and RX4) assume a high impedance output state in SHUT- 
DOWN. Only receiver RX5 remains active while the trans- 
ceiver is in SHUTDOWN. The transceiver consumes only 


60pA of supply current while in SHUTDOWN. A logic high 
fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all driver 
outputs in a high impedance state. Allfive receivers remain 
active under these conditions. Floating the driver disable 
pin or driving it to a logic low level fully enables the 
transceiver. A logic low on the On/Off pin supersedes the 
state of the Driver Disable pin. Supply current drops to 
3mA when in DRIVER DISABLE mode. 

V + : Positive Supply Output. V + = 2 Vqc - 1.5V. This pin 
requires an external charge storage capacitor, C > 1 .OpF, 
tied to ground or 5 V. Larger value capacitors may be used 
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to reduce supply ripple. The ratio of the capacitors on V + 
and V" should be greater than 5 to 1 . 

V": Negative Supply Output. \l~~ -(2Vcc-2.5V). This pin 
requires an external charge storage capacitor, C > 0.1 pF. 
See the Applications Information section for guidance in 
choosing filter capacitors for V + and V - . 

C1\ Cl - , C2\ C2~: Commutating Capacitor Inputs re- 
quire two external capacitors, C > 0.2pF: one from C1 + to 
Cl - , and another from C2 + to C2~. The capacitor’s effec- 
tive series resistance should be less than 2Q. For C > IpF, 
low ESR tantalum capacitors work well, although ceramic 
capacitors may be used with a minimal reduction in charge 
pump compliance. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Unused inputs should be con- 
nected to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 
Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, Vcc = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V - + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 


limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. Outputs, including 
LOW-Q RX OUT, are fully short-circuit protected to ground 
or Vcc with the power on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low Power Receiver Input. This 
special receiver remains active when the part is in SHUT- 
DOWN mode, consuming typically 60pA. This receiver has 
the same 5k input impedance and ±1 OkV ESD protection 
characteristics as the other receivers. 

LOW Q-CURRENT RX OUT: Low Power Receiver Output. 
This pin produces the same TTL/CMOS output voltage 
levels as receivers RX1 , RX2, RX3, and RX4 with slightly 
decreased speed and short-circuit current. Data rates to 
1 20k baud are supported by this receiver. 


€SD PROTCCTIOn 


ESD Test Circuit 


The RS232 line inputs of the LT1 330 have on-chip protec- 
tion from ESD transients up to ±1 OkV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1 330 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is that 
low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V|_, V + , V - , and GND shorted to ground or connected with 
low ESR capacitors. 



DRIVER 1 OUT 
RX1 IN 
DRIVER 2 OUT 
RX2IN 
RX3IN 
RX4IN 
DRIVER 3 OUT 
[ RX5 IN (LOW-Q) 
ON/OFF 

3VV l£i 

0.1|XF ZZZ 
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Storage Capacitor Selection 

The V + and V" storage capacitors must be chosen care- 
fully to insure low ripple and stable operation. The LT1 330 
charge pump operates in a power efficient Burst Mode™. 
When storage capacitor voltage drops below a preset 
threshold, the oscillator is gated on until V + and V - are 
boosted up to levels exceeding a second threshold. The 
oscillator then turns off, and current is supplied from the 
V + and V" storage capacitors. 

The V" potential is monitored to control charge pump 
operation. It is therefore important to insure lower V + 
ripple than V" ripple, or erratic operation of the charge 
pump will result. Proper operation is insured in most 
applications by choosing the V + filter capacitor to be at 
least 5 times the V~ filter capacitor value. If V + is more 
heavily loaded than V~, a larger ratio may be needed. 

The V~ filter capacitor should be selected to obtain low 
ripple when the drivers are loaded, forcing the charge 
pump into continuous mode. A minimum value 0.1 pF is 
suggested. 


Do not attempt to reduce V" ripple when the charge pump 
is in discontinuous Burst Mode™ operation. The ripple in 
this mode is determined by internal comparator thresh- 
olds. Larger storage capacitor values increase the burst 
period, and do not reduce ripple amplitude. 

Power Saving Operational Modes 

The LT1330 has both SHUTDOWN and DRIVER DISABLE 
operating modes. These operating modes can optimize 
power consumption based upon applications needs. 

The On/Off shutdown control turns off all circuitry except 
for Low-Q RX5. When RX5 detects a signal, this informa- 
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the DRIVER 
DISABLE mode provides a power efficient operating op- 
tion. The DRIVER DISABLE mode turns off the charge 
pump and RS232 drivers, but keeps all five receivers 
active. Power consumption in DRIVER DISABLE mode is 
3mA from Vcc- 


Burst Mode is a trademark of Linear Technology Corporation 


Typical Mouse Driving Application 
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■ RS232 Compatible 3V Operation 

■ 3V Logic Interface 

■ ESD Protection Over +10kV 

■ One Low Power Receiver Remains Active While in 
SHUTDOWN 

■ 60jjA Supply Current in SHUTDOWN 

■ Low Power DRIVER DISABLE Mode 

■ Uses Small Capacitors: 0.1 jliF, 0.2pF 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power: 60mW 

■ Easy PC Layout: Flowthrough Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When 
OFF or Powered Down 

APPLICATIOAS 

■ Notebook Computers 

■ Palmtop Computers 


3V RS562 or 5V/3V RS232 
Transceiver with One Re- 
ceiver Active in SHUTDOWN 

DCSCRIPTIOn 

The LT1331 is a 3-driver, 5-receiver RS232 transceiver 
designed for 3 V and mixed 3V/5V systems. Receivers 
operate from 3 V logic supply Vl, while the on-board charge 
pump and drivers operate from 5V or 3V supply Vcc- 

The transceiver has two SHUTDOWN modes. One mode 
disables the drivers and the charge pump, the other shuts 
down all circuitry except for one low power receiver which 
can be used for ring detection. The Vcc supply may be shut 
down while in ring detection mode. While shut down, the 
drivers and receivers assume high impedance output 
states. 

The LT 1 331 is fully compliant with all EIA-RS232 specifi- 
cations when Vcc = 5V. If Vcc = 3 V, output drive levels are 
compatible with all known interface circuits. Special bipo- 
lar construction techniques protectthe drivers and receiv- 
ers beyond the fault conditions stipulated for RS232. The 
RS232 I/O pins are resilient to multiple ±1 OkV ESD strikes. 
An advanced driver output stage operates up to 1 20k baud 
while driving heavy capacitive loads. 


TOPICAL APPUCATIOA 


3.3V Operation 


O.IjllF . 


2 x O.lpiF 



DRIVER 1 OUT ■ 
RX1 IN 
DRIVER 2 OUT 
RX2IN 
RX3IN 
RX4IN 
DRIVER 3 OUT 
RX5 IN (LOW-Q) 
ON/OFF r 
3.3V V L 


LT1331 


DRIVER 1 IN 

RX1 out 

— DRIVER 2 IN 
22 


28 V~ 
27 r 
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3.1 (iF 


0.1 nF 


TO LOGIC 



^CONTROLLER 
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^PROCESSOR 
SHUTDOWN 
CONTROL OUT 
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absolute mnximum ratiags 


PRCKRGE/ORDER mFORRlRTIOR 


Supply Voltage (Vcc) 

6V 

Supply Voltage (Vl) .. 

6V 

V + 

13.2V 

v- 

-13.2V 

Input Voltage 

Driver 

VtoV- 

Receiver 

30V to -30V 

ON/OFF 

... -0.3V to V cc + 0.3V 

DRIVER DISABLE 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-30V to 30V 

Receiver 

-0.3 V to V L + 0.3V 

Short Circuit Duration 

V + 

30 sec 

v- 

30 sec 

Driver Output.. 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

LT1331C 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



DRIVER 3 OUT 
RX5IN 
(LOW-Q) 
ON/OFF 
3.3V V L 


DRIVER 3 IN 

RX5 OUT 

(LOW-Q) 

GND 

DRIVER 

DISABLE 

NC 


G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 

S PACKAGE 
28-LEAD PLASTIC SOL 


Tjmax= 125°C, 0ja = 96°C/W (G) 
Tjmax = 125°C, 0 JA = 56°C/ W (N) 
Tjmax = 125°C, e JA = 85°C/W (S) 


ORDER PART 
NUMBER 


LT1331CG 

LT1331CN 

LT1331CS 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX | 

UNITS 

Power Supply Generator 

V + Output 

V CC = 5V 



8.6 


V 


V CC = 3.3V 



5.5 


V 

V" Output 

o 

II 

CJ1 

< 



-7.0 


V 


V CC = 3.3V 



-4.8 


V 

Supply Current (Vcc) 

V cc = 5V (Note 2) 

• 


12 

17 

mA 


V CC = 3.3V 

• 


12 

17 

mA 

Supply Current 

(Note 3) 

• 


3 

5 

mA 

Supply Current When OFF (Vcc) 

SHUTDOWN (Note 4) 

• 


2 

50 

pA 


DRIVER DISABLE 



0.1 

1 

mA 

Supply Current When OFF (V L ) 

SHUTDOWN (Note 4) 

• 


60 

100 

pA 


DRIVER DISABLE 



3 

5 

mA 

Supply Rise Time, SHUTDOWN to Turn-On 

Cl = C2 = 0.2pF, C + = C-=0.1 liF 


| 0.2 

ms 

ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 

• 


1.4 

0.8 

V 


Input High Level (Device Enabled) 

• 

2.4 

1.4 


V 

ON/OFF Pin Current 

0V < Vqn/off ^ 5V 

• 

-15 


80 

pA 

DRIVER DISABLE Pin Thresholds 

Input Low Level (Drivers Enabled) 

• 


1.4 

0.8 

V 


Input High Level (Drivers Disabled) 

• 

2.4 

1.4 


V 

DRIVER DISABLE Pin Current 

0V < Vdriver disable ^ 5V 

• 

-10 


500 

mA 

Oscillator Frequency 



! 130 

kHz 
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PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing, Positive 

V cc = 5 V, R L = 3k 

• 

5.0 

6.5 


V 


V cc = 3.3V, Rl = 3k 


3.7 

4.0 


V 

Output Voltage Swing, Negative 

Vcc = 5V, R l = 3k 

• 


-6.0 

-5.0 

V 


Vcc = 3.3V, RL = 3k 



-3.3 

-2.7 

V 

Logic Input Voltage Level 

Input Low Level (Vqut = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V<V,n<2V 

• 


5 

20 

pA 

Output Short-Circuit Current 

Vout = OV 


9 

17 


mA 

Output Leakage Current 

SHUTDOWN Vqut = ±30V (Note 4) 

• 


10 

100 

pA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ps 


R l = 3k, C L = 2500pF 



6 


V/ps 

Propagation Delay 

Output Transition t H L High to Low (Note 5) 



0.6 

1.3 

ps 


Output Transition tLH Low to High 



0.5 

1.3 

ps 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vout = High) 

• 

0.8 

1.3 


V 


Input High Threshold (Vout = Low) 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V| N = ±10V 


3 

5 

7 

k Q 

Receivers 1 Through 4 

Output Voltage 

Output Low, | 0 ut = -1.6mA 

• 


0.2 

0.4 

V 


Output High, I 0U t = 160pA (V L = 3.3V) 

• 

2.0 

2.4 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 



-20 

-10 

mA 


Sourcing Current, Vout = 0V 


10 

20 


mA 

Propagation Delay 

Output Transition tnL High to Low (Note 6) 



250 

600 

ns 


Output Transition t L H Low to High 



350 

600 

ns 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < V 0U t ^ V cc 

• 

! 1 10 

pA 

Receiver 5 (Low Q-Current RX) 

Output Voltage 

Output Low, Iout = -500fiA 

• 


0.2 

0.4 

V 


Output High, l OU T = 160(iA(V L = 3V) 

• 

2.0 

2.4 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 



-4 

-2 

mA 


Sourcing Current, Vout = OV 


2 

4 


mA 

Propagation Delay 

Output Transition t H L High to Low (Note 6) 



1 

3 

ps 


Output T ransition tLH Low to High 



1 

3 

ps 


The • denotes specifications which apply over the full operating 
temperature range (0°C < T A < 70°C for commercial grade). 

Note 1: Testing done at Vcc = 5V, V L = 3.3V, and Von/off = 3V, unless 
otherwise stated. 

Note 2: Supply current is measured as the average over several charge 
pump cycles. C + = 1|uF, C“ = O-I^F, Cl = C2 = 0.2pF. All outputs are open 
with all driver inputs tied high. 

Note 3: V L supply current is measured with all receiver outputs high. 

Note 4: Supply current and leakage current measurements in SHUTDOWN 
are performed with Von/off ^ 0.1V. Supply current measurements using 
DRIVER DISABLE are performed with V D river disable ^ 3V. 


Note 5: For driver delay measurements, R[_ = 3k and Cl = 51 pF. T rigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tm = 1 .4 V to OV and tm = 1 -4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (tnL = 1 -3V to 2.0V and tLH = 1 -7V 
to 0.8V). 
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Slew Rate vs Load Capacitance 
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Vcc: Power Supply for Charge Pump and Drivers. Proper 
circuit operation is insured for Vcc = 3V to 6V. Vcc = 5V 
operation gives full RS232 compliant performance, 3 V 
operation results in lower driver output amplitude. The Vcc 
pin should be decoupled with a 0.1 pF ceramic capacitor. 

V L : Power Supply for Receivers. This pin should be 
powered to the same voltage as the logic circuits con- 
nected to the receiver outputs, either 5 V or 3 V. The Vl pin 
should be decoupled with a 0.1 pF ceramic capacitor. 

GND: Ground. 

ON/OFF: A TTL/CMOS Compatible Operating Mode 
Control. A logic low puts the device in the SHUTDOWN 
mode. All drivers and four of the receivers go to a high 
impedance state, and the Vcc supply may be turned off. A 
logic high fully enables the transceiver. 

DRIVER DISABLE: A logic high shuts down the charge 
pump, placing all drivers in a high impedance state. All 
receivers remain active. Floating the pin, or driving it to a 
logic low, fully enables the transceiver. A low voltage on 
the ON/OFF pin supersedes the state of the DRIVER 
DISABLE control. 

V + : Positive Supply Output. V + = 2Vcc - 1.5V. This pin 
requires an external capacitorfor charge storage, chosen 
to minimize ripple to acceptable levels. A minimum size 
of 0.1 pF is recommended. 

V": Negative Supply Output. V - = -(2Vcc - 2.5V). This 
pin requires an external charge storage capacitor, chosen 
to minimize ripple on V - . A minimum value of 0.1 pF is 
recommended. 

C1 + ,C1 - ,C2 + ,C2 - : These pins require two external ca- 
pacitors C > 0.2pF. One from C1 + to Cl", and another 
from C2 + to C2~. To maintain charge pump efficiency, the 
capacitor’s effective series resistance should be less than 


2 £2. Low ESR tantalum capacitors work well in this 
application, small value ceramic capacitors may also be 
used with minimal reduction in charge pump compliance. 

DRIVER IN: RS232 Driver Inputs. Inputs are TTL/CMOS 
compatible. Tie unused inputs to Vcc- 

DRIVER OUT: RS232 Driver Outputs. Outputs are in a 
high impedance state when in SHUTDOWN, DRIVER 
DISABLE, or Vcc = 0V. Outputs are fully short-circuit 
protected from V - + 30V to V + - 30V. Although the 
outputs are protected, short circuits on one output can 
load the power supply generator and may disrupt the 
signal levels of the other outputs. The driver outputs are 
protected against ESD to ±10kV for human body model 
discharges. Output levels of -3.3V to 4V are achieved 
when the circuit is operated with Vcc = 3.3V. 

RX IN: Receiver Inputs with 0.4V of Hysteresis for Noise 
Immunity. These pins accept RS232 level signals (+30V) 
into a protected 5k terminating resistor. The receiver 
inputs are protected against ESD to ±1 OkV for human 
body model discharges. 

RXOUT: Receiver Outputs. RX1 through RX4 outputs are 
in a high impedance state when in SHUTDOWN mode to 
allow data line sharing. Outputs, including LOW-Q RX 
OUT, are fully short-circuit protected to ground, Vcc, or 
Vl. Output voltage levels are determined by the choice of 
power supply Vl. 

LOW-Q RX IN: Low Power Receiver Input. This receiver 
remains active in SHUTDOWN mode, consuming only 
60pA from supply Vl. This receiver has the same input 
and protection characteristics as receivers RX1 through 
RX4. 

LOW-Q RX OUT: Low Power Receiver Output. This pin 
produces the same output levels as standard receivers, 
with slightly decreased speed and short-circuit current. 
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Power Saving Operational Modes 

The LT1331 has both SHUTDOWN and DRIVER DISABLE 
operating modes. These operating modes can optimize 
power consumption based upon applications needs. 

The SHUTDOWN control turns off all circuitry except for 
Low-Q RX5. RX5 operates entirely from the Vl power 
supply, so the power consumption from Vcc drops to 
zero. The Vcc P° wer supply may be turned off while in 
SHUTDOWN, which may allow greater power savings in 
some systems. When RX5 detects a signal, this informa- 
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the DRIVER 
DISABLE mode provides a power efficient operating 
option. The DRIVER DISABLE mode turns off the charge 
pumps and RS232 drivers, but keeps all five receivers 
active. Power consumption in DRIVER DISABLE mode is 
3mA from Vl and less than lOOpA from Vcc- 


Mixed 5V/3V Operation 

When operated with Vcc = 5V and Vl = 3.3V supplies, the 
RS232 drivers meet or exceed all RS232 or V.28 commu- 
nication interface standards. Data rates up to 120k baud 
are supported, and all standard RS232 compatible mice 
may be driven by the LT1331. 

3V Operation 

Vcc = 3.3V operation of the LT1 331 results in lower driver 
output swing than with Vcc = 5V. The driver output swing, 
when operated with Vcc = 3.3V, is guaranteed to be at 
least -2.7V to 3.7 V, with typical swing being -3.3V to 4V. 
This insures compatibility with all commonly used RS232 
and RS562 interface circuits. Table 1 summarizes the 
receiver input threshold specifications for RS232 circuits 
from many manufacturers. 


Table 1. Commonly Used RS232 Interface Circuit Receiver Thresholds 


MANUFACTURER 

PART NUMBER 

COMPATIBLE 

INPUT LOW THRESHOLD 

MIN TYP MAX 

INPUT HIGH THRESHOLD 

MIN TYP MAX 

Linear Technology 

LT1080 

/ 

0.8 

1.3 

- 

- 

1.7 

2.4 


LT1137A 

/ 

0.8 

1.3 

- 

- 

1.7 

2.4 


LT1330 

/ 

0.8 

1.3 

- 

- 

1.7 

2.4 


LT1281 

/ 

0.8 

1.3 

- 

- 

1.7 

2.4 


All Others 

/ 



Texas Instruments 

SN75189 

/ 

0.65 

1.0 

1.25 

0.9 

1.3 

1.6 


SN75189A 

/ 

0.65 

1.0 

1.25 

1.55 

1.9 

2.25 


MAX232 

/ 

0.8 

1.2 

- 

- 

1.7 

2.4 


SN75C185 

/ 

0.65 

1.0 

1.25 

1.6 

2.1 

2.55 

Maxim 

MAX232A 

/ 

0.8 

1.3 

- 

- 

1.8 

2.4 


MAX241 

/ 

0.6 

1.2 

- 

- 

1.5 

2.4 

Sipex 

SP232 

/ 

0.8 

1.2 

- 

- 

1.7 

2.4 


SP301 

/ 

0.75 

- 

1.35 

1.75 

- 

2.5 

Motorola 

MCI 489 

/ 

0.75 

- 

1.25 

1.0 

- 

1.5 


MC1489A 

/ 

0.75 

0.8 

1.25 

1.75 

1.95 

2.25 

National 

DS1489 

/ 

0.75 

1.0 

1.25 

1.0 

1.25 

1.5 


DS14C89A 

/ 

0.5 

- 

1.9 

1.3 

- 

2.7 
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Mixed 5V/3V Supply Operation 


DRIVER 1 OUT 
RX1 IN 
DRIVER 2 OUT 
RX2IN 
RX3 IN 
RX4IN 
DRIVER 3 OUT 
RX5 IN (LOW-Q) 
ON/OFF- 





0.1|iF ~J+ 


0.1 |xF 


DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT (LOW-Q) 

GND 

DRIVER DISABLE 

NC 



€SD PROT€CTIOn 


The RS232 line inputs of the LT1331 have on-chip protec- 
tion from ESD transients up to ±10kV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1 331 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is that 
low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V|_, V + , V" and GND shorted to ground or connected with 
low ESR capacitors. 


ESD Test Circuit 


O.IjiF 


£1 


RS232 
LINE PINS 
PROTECTED 
TO ±1 OkV 


: o.i M-F +r“ — L 

xS 

DRIVER 1 OUT 
RX1 IN 
DRIVER 2 OUT 
RX2IN 
RX3IN 
RX4IN 
DRIVER 3 OUT 
RX5 IN (LOW-Q) 
ON/OFF 
3.3V r 



DRIVER 1 IN 
— RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT (LOW-Q) 
GND 

DRIVER DISABLE 
NC 
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TECHNOLOGY Wide Supply Range 

Low Power RS232 Transceiver with 
12V VPP Output for Flash Memory 


F€flTUfl€S 

■ Generates Full RS232 Signal Levels from 3V Supply 

■ 1 2 V VPP Output Available for Flash Memory 

■ Useful with a Wide Variety of Switching Regulators 

■ Low Supply Current: l(Vcc) = 1 mA 

■ Wide Supply Range: 2 V < Vpc ^ 6V 

■ ESD Protection Over ±10kV 

■ Operates to 120k Baud 

■ Outputs Assume a High Impedance State When Off 
or Powered Down 

■ One pPower Receiver Remains Active While in 
SHUTDOWN 

■ Flowthrough Architecture Eases PC Board Layout 

■ 40jjA Supply Current in SHUTDOWN 

■ Absolutely No Latch-Up 

■ Available in SO and SSOP Packages 

flppucOTions 

■ Notebook and Palmtop Computers 

■ Mouse Driver Circuits 


DCSCRIPTIOn 

The LT1 332 is a 3-d rive r/5- rece ive r RS232 transceiver, 
designed to be used in conjunction with a switching 
regulator. The LT1332 shares the regulator’s positive 
output, while charge is capacitively pumped from the 
regulator’s switch pin to the negative supply. Schottky 
rectifiers built into the LT1332 simplify the charge 
pump design. 

The LT 1 332/LT 1 1 09A combination shown below gener- 
ates fully compliant RS232 signal levels from as little as 2V 
of input supply. The switcher can deliver greater than 
1 00mA of output current, making the LT 1 332 an excellent 
choice for mouse driver circuits. 

Advanced driver output stages operate up to 120k baud 
while driving heavy capacitive loads. New ESD structures 
on chip make the LT1332 resilient to multiple +10kV 
strikes, eliminating costly transient suppressors. 

A shutdown pin disables the transceiver except for one 
receiver which remains active for detecting incoming 
RS232 signals. When shut down, the disabled drivers and 
receivers assume high impedance output states. 


TVPICAl nppucATion 


LT1332 Powered from an LT1109A Micropower Switching Regulator 

Configured for Flash Memory Output Waveforms 



DRIVER 

INPUT 

DRIVER 
OUTPUT 
Rl = 3k 
C L = 2500pF 


RECEIVER 
OUTPUT 
C L = 50pF 
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(Note 1) 




Supply Voltage (Vcc) 

6V 

Short Circuit Duration 


V + 

13.2V 

V + 

30 sec 

V- 

-13.2V 

V" 

30 sec 

c- 

-15V 

Driver Output 

Indefinite 

Input Voltage 


Receiver Output 

Indefinite 

Driver 

VtoV- 

Operating Temperature Range 

0°C to 70°C 

Receiver 

30V to -30 V 

Storage Temperature Range 

-65°C to 150°C 

Output Voltage 


Lead Temperature (Soldering, 10 sec).., 

300 C 

Driver 

30 V to -30 V 



Receiver 

-0.3V to V CC + 0.3V 





ELECTRICAL CHARACTERISTICS (Note 2) 
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ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Power Supply 

ON/OFF Pin Thresholds 

Input Low Level (Device Shut Down) 

• 


0.7 

0.3 

V 


Input High Level (Device Enabled) 

• 

1.3 

0.6 


V 

ON/OFF Pin Current 

OV < Vqn/off ^ 5V 

• 

-15 


80 

pA 

Drivers 

Output Voltage Swing 

R l = 3k to GND Positive 


5.0 

6.6 


V 


Negative 



-7.0 

-5.0 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 



1.4 

0.8 

V 


Input High Level (Vout = Low) 


2.0 

1.4 


V 

Logic Input Current 

0.8V <V| N < 2.0V 

• 


5 

20 

mA 

Output Short-Circuit Current 

< 

o 

cz 

II 

3 


1 *!Z_ 

mA 

Output Leakage Current 

SHUTDOWN Vqut = ±30V, V ON /off = 0.1 V 

• 


10 

100 ! 

pA 

Driver Output ESD Rating 

Human Body Model Discharge 


1 ±io 1 

kV 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ps 


R l = 3k, C L = 2500pF 


4 

6 


V/ps 

Propagation Delay 

Output Transition tpL High to Low (Note 5) 



0.6 

1.3 

ps 


Output Transition tLH Low to High 



0.5 

1.3 

ps 

Receivers 


Input Voltage Thresholds 

Input Low Threshold (Vqut = High) 

i 

0.8 

1.3 


V 


Input High Threshold (Vqut = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 



3 

5 

7 

kQ 

Receiver Input ESD Rating 

Human Body Model Discharge 


! ±io ! 

kV 

Output Voltage 

Output Low, Iout = — 500|liA 

• 


0.2 

0.4 

V 


Output High, Iout = IOOjjA (V c c = 3V) 

• 

2.7 

2.9 


V 

Output Leakage Current 

SHUTDOWN (Note 6) 0 < V 0U t * V CC 

• 

! i io 1 

pA 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 



-4 

-2 

mA 


Sourcing Current, Vout = OV 


2 

4 


mA 

Propagation Delay 

Output Transition tnL High to Low (Note 7) 



1 

3 

ps 


Output Transition tun Low to High 



0.6 

3 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing is done at Vcc = 3V, V + = 8V, V" = -8V, and 
Von/off=3V. 

Note 3: Supply current is measured with all driver inputs tied high. 

Note 4: Supply current measurements in SHUTDOWN are performed with 
Von/oTf = 0.1V,V + = 0V,V- =0V. 


Note 5: For driver delay measurements, R L = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tnL = 1 -4V to OV and tin = 1.4V to OV). 
Note 6: Receiver RXA (Pins 10 and 15, S Package) remains functioning in 
SHUTDOWN. 

Note 7: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t L n = 1 .3V to 2.4V and t H L = 1 .7V 
to 0.8V). 
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Unloaded Supply Current 
vs Temperature 



TEMPERATURE fC) 



0 I I I I I I I I I 1 I 

0 20 40 60 80 100 120 140 160 180 200 
DATA RATE (k BAUD) 


1.0 
0.9 
. 0.8 
' 0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 


LT1332 - TPC01 


LT1332.TPC02 


Leakage Current in Shutdown 
vs Temperature 


Driver Leakage in Shutdown 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LT1027 • TPC04 



TEMPERATURE (°C) 

LT1332-TPC05 


30 


< 25 



o 10 


0 


Slew Rate vs Load Capacitance 



0 500 1000 1500 2000 2500 3000 

CAPACITANCE (pF) 


Driver Output Voltage 
vs Temperature 



LT1332 *TPC07 


LT1332 • TPC08 


30 


< 25 

e 



O 10 

cc 

o 

co 5 

0 


ON/OFF Threshold vs Temperature 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LT1332-TPC03 


Driver Short-Circuit Current 
vs Temperature 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LT1332 • TPC06 

Receiver Short-Circuit Current 
vs Temperature 


isc 



lsc + 


-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

LT1332-TPC09 
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TYPICAL P€RFORmnnC€ CHMMCTCRISTICS 


Receiver Input Thresholds 
vs Supply Voltage 


Receiver Input Thresholds 
vs Temperature 


Receiver Output Voltage 
vs Supply Voltage 



2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 



0 I I 1 I I I I I l 

-50 -25 0 25 50 75 100 125 150 



SUPPLY VOLTAGE (V) 


LT1332 •TPCIO 


TEMPERATURE (°C) 


LT1332 • TPC1 1 


SUPPLY VOLTAGE (V) 


LT1332 • TPC12 


Receiver Output Waveforms 



Driver Output Waveforms 


INPUT 

5V/DIV 


DRIVER 
OUTPUT 
R l = 3k 
C L = 2500pF 
10V/DIV 


DRIVER 
OUTPUT 
R L = 3k 
10V/DIV 



LT1332-TPC13 


pin Funcnons 

Vcc: Input Supply Pin. Vcc can vary from 2 V to 6 V to 
accommodate a wide range of logic levels, yet the system 
still responds correctly to RS232 signals. Supply current 
drops to 40pA in the SHUTDOWN mode. This pin should 
be decoupled with a O.lnF ceramic capacitor. 

GND: Ground Pins. Pins 13 and 23 (S Package) must both 
be grounded for proper operation. 

ON/OFF: Controls the operation mode of the device and 
is CMOS compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply current 
to 40pA and places all of the drivers and four of the 
receivers in a high impedance state. A logic high fully 
enables the device. 


V + : Positive Supply Input (RS232 Drivers). V + should 
be greater than 6.5V and less than 1 3.2 V to assure valid 
RS232 output signals. An additional decoupling ca- 
pacitor may be required iftheV+generator is located far 
away from the LT1332. 

V': Negative Supply Pin (RS232 Drivers). This pin re- 
quires an external capacitor. When the device is powered 
from a switching regulator, the filter capacitor should be 
selected based on the maximum tolerable ripple for the 
specified minimum regulator on time. For some low 
frequency Burst Mode™ regulators, the filter capacitor 
should be relatively large (C > 10(iF). Low ESR tantalum 


Burst Mode™ is a trademark of Linear Technology Corporation 
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capacitors work well in this application. When V - is 
powered from an external supply, the filter capacitor can 
be considerably smaller (C > 0.1 pF). Ceramic capacitors 
work well under these conditions. V" should be greater 
than -13.2V and less than -6.5V. 

C”: Commutating Capacitor Input. When the LT1332 is 
used with a switching regulator, a charge pump capacitor 
should be connected from the regulator’s switch pin to the 
C~ pin. Make the external capacitor 1 pF or larger with low 
effective series resistance to maintain good charge pump 
efficiency. Low ESR tantalum capacitors (ESR < 2Q.) work 
well in this application. The C~ pin should be left open 
when V - is powered from an external supply. 

DRIVER IN: RS232 Driver Input Pins. Inputs are TTL/ 
CMOS compatible, with threshold set to 1 .2 V. Unused 
inputs should not float; tie them to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 
DOWN mode, or Vcc = OV. Outputs are fully short-circuit 
protected from V - + 30V to V + - 30V with the power on, 
off or SHUTDOWN. Typical breakdowns are ±45V. 
Applying higher voltages will not damage the device if 
the overdrive is moderately current limited. Although 
the outputs are protected, short circuits on one output 


can load the power supply generator and may disrupt 
the signal levels of the other outputs. The driver outputs 
are protected against ESD to ±10kV for human body 
model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±5V to ±30V) into a protected 5k terminating 
resistor. The receiver inputs are protected against ESD to 
±1 OkV for human body model discharges. Each receiver 
provides 0.4V of hysteresis for noise immunity. The re- 
ceiver thresholds are specified at Vcc = 3V. When Vcc 
varies from 2V to 6 V, the lower threshold increases 
about 3 V. Regardless of these shifts, the device provides 
accurate data from valid RS232 input signals. A graph in 
the performance characteristics section shows typical 
changes in the thresholds. The active receiver (RXA, Pin 
10, S Package) remains functional in SHUTDOWN. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance stage when in 
SHUTDOWN mode to allow data line sharing. Outputs are 
fully short-circuit protected to ground or Vcc with the 
power on, off or in SHUTDOWN mode. The active receiver 
(RXA, Pin 15, S Package) remains functional in SHUT- 
DOWN. 


€SD PROTCCTIOn 

The RS232 line inputs of the LT1332 have on-chip protec- 
tion from ESD transients up to ±1 OkV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1332 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal applications of the circuit. The only constraint is 
that low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V + , V" and GND shorted to ground or connected with low 
ESR capacitors. 


ESD Test Circuit 
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Operation with a Switching Regulator 

The LT1332 is designed to be powered from an external 
switching regulator which may be used elsewhere for 
power conditioning. In a typical application, the LT1332 
shares the regulator’s positive output, while charge is 
capacitively pumped from the regulator’s switch pin to the 
negative supply. Schottky rectifiers built into the LT1332 
simplify the charge pump design. When used with a 
micropower switcher like the LT 1 1 09A, the Burst Mode™ 
operation of the charge pump resembles the switching 
characteristics of the LT1237 and similar devices. 

The V~ supply is not directly regulated. The circuit relies 
on cross regulation and the regulator’s minimum duty 
cycle to control V~. Select the C~ and V~ storage capaci- 
tors so that when the regulator operates at minimum duty 
cycle, sufficient charge will transfer to the V" storage cap 
to maintain a voltage of at least -6.5V. 

While only 0.1 pF ceramic decoupling capacitors are needed 
on the positive supply inputs, low ESR tantalum capaci- 


tors should be used in the charge pump to reduce voltage 
losses. The C “ capacitor should be at least 1 pF and the V" 
capacitor should be 5 to 10 times bigger. As a rule of 
thumb, make the V" capacitor at least 1 /DCmin times 
biggerthan the C _ capacitorwhere DCmin isthe regulator’s 
minimum duty cycle. Using large values for the V" capaci- 
tor reduces ripple on the V - supply. 

Multiple Transceivers 

The circuit in Figure 1 demonstrates how the LT1332 may 
be used with different types of switching regulators. Four 
LT 1 332s are powered from a single PWM DC/DC con- 
verter using an LT1172. Even with all twelve drivers 
heavily loaded (R|_= 3k, C|_= 2500pF), the circuit generates 
fully compliant RS232 signals at 120k baud. 

Operations with External Supplies 

When external RS232 supplies are available (6.5V < 
V + < 1 3.2V, -13.2V < V- < -6.2V) the LT1332 can be 
used as a stand-alone unit. Capacitor selection is consider- 



Figure 1. Multiple LT1332S Powered from a Single LT1172 DC/DC Converter 
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ably simpler. Decouple V + and Vwith O.ljuF ceramic 
capacitors. 

Shutdown Control 

The LT1 332 has an ON/OFF pinthat controls the device’s 
mode of operation. With the ON/OFF pin high and the 
device operated unloaded, the LT1332 draws 1mA of 
supply current. With the ON/OFF pin low, the device 


enters micropower shutdown mode in which the current 
drawn from Vcc drops to typically 40pA. If the power 
applied to V + and V~ remains on in shutdown, there will 
be approxi mately 1 OOpA of leakage from each supply. If 
these supplies drop to zero, leakage current also drops 
to zero. In shutdown mode one receiver remains active 
which may be useful for detecting start-up signals for 
the transceiver. 
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5V Low Power RS232 
Driver/5-Receiver Transceiver 


F€RTUR€S 

■ Low Supply Current: 300pA 

■ 1|aA Supply Current in SHUTDOWN 

■ ESD Protection: Over ±1 OkU 

■ Operates from a Single 5 V Supply 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120k Baud 

■ Three-State Outputs Are High Impedance When Off 

■ Output Overvoltage Does Not Force Current Back into 
Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V without 
Damage 

■ Pin Compatible with LT1137A and LT1237 

■ Flowthrough Architecture 

rppucrtiors 

■ Notebook Computers 

■ Palmtop Computers 


D€SCRIPTIOn 

The LTC1337 is a 3-driver/ 5-receiver RS232 transceiver 
with very low supply current. In the no load condition, the 
supply current is only 300pA. The charge pump only 
requires four 0.1 pF capacitors and can supply up to 1 2mA 
of extra current to power external circuitry. 

In SHUTDOWN mode, the supply current is further re- 
duced to IpA. All RS232 outputs assume a high imped- 
ance state in SHUTDOWN and with the power off. 

The LTC1337 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 120k baud with a 1000pF//3k£2 load. Both 
driver outputs and receiver inputs can be forced to ±25V 
without damage, and can survive multiple ±10kV ESD 
strikes. 


TVPICRl RPPUCRTIOR 


3-Drivers/5-Receivers with SHUTDOWN 


Supply Current 




1.2 

1.0 

c 

0.8 c 
c 

0.6 \ 

0.4 : 
1 

0.2 

0 


TEST CONDITION: 

V C c = 5V, ALL DRIVER INPUTS TIED TO V cc 


1337TA02 
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absolute mnximum RnnnGs 

(Note 1) 


Supply Voltage (Vcc) 

6 V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25V 

On/Off Pin 

... -0.3V to Vqc + 0.3V 

Output Voltage 

Driver 

-25V to 25 V 

Receiver 

... -0.3V to V cc + 0.3V 

Short Circuit Duration 

V + 

30 sec 

V" 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

Commercial (LTC1337C) 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IRFORmRUOR 


v + |T 
VccU 
ci + \T 
cr [T 

DR1 OUT |T 
RX1 IN |T 
DR2 OUT (T 
RX2 IN [F 
RX3 IN [F 
RX4 IN [jO 
DR3 OUT [TT 
RX5 IN El 
ON/OFF |13 
NC |1? 


TOP VIEW 

O 


~°<1 — H ] 
--£>0-22] 


->-11 

H 

H 

H 


v~ 

C2 + 

C2~ 

DR1 IN 
RX1 OUT 
DR2IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DR3IN 
RX5 OUT 
GND 
NC 
NC 


G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 
S PACKAGE 
28-LEAD PLASTIC SOL 


Tjmax = 125°C, 0 ja = 96°C/W (G) 
Tjmax = 125°C, 6ja = 56°C/W (N) 
Tj MA x = 125°C,0 ja = 85 o C/W(S) 


ORDER PART 
NUMBER 


LTC1337CG 

LTC1337CN 

LTC1337CS 


Consult factory for Industrial and Military grade parts. 


DC ELECTRICAL CHARACTERISTICS Vqc = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 


PARAMETER 

CONDITIONS 



MIN 

TYP 

MAX | 

UNITS 

Any Driver 

Output Voltage Swing 

R L = 3k to GND 

Positive 

• 

5.0 

7.0 


V 


R L = 3k to GND 

Negative 

• 

-5.0 

-6.5 


V 

Logic Input Voltage Level 

Input Low Level (V 0 ut = High) 


• 


1.4 

0.8 

V 


Input High Level (Vqut = Low) 


• 

2.0 

1.4 


V 

Logic Input Current 

V,n = 5V 


• 



5 

pA 


V||VJ = 0 


• 



-5 

mA 

Output Short-Circuit Current 

VoUT = 0V 


±10 ! 

mA 

Output Leakage Current 

SHUTDOWN, Vqut = ±20V (Note 3) 

• 


10 

500 1 

pA 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold 


•n 

0.8 

1.3 


V 


Input High Threshold 


• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

-10V< V| N < 10V 


3 

5 

7 

kfi 

Output Voltage 

Output Low, Iqut = ~ 1 -6mA (Vcc = 5V) 


• 


0.2 

0.4 

V 


Output High, I out =160|jA (V cc = 5V) 


• 

3.5 

4.8 


V 

Output Short-Circuit Current 

Sourcing Current, Vout = 0 



15 

20 


mA 


Sinking Current, Vqut = Vcc 



-15 

-40 


mA 

Output Leakage Current 

| SHUTDOWN, 0 < Vqut ^ V cc (Note 3) 

• 


1 

10 

pA 
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LTC1337 


DC €l€CTRICAl CHARACTERISTICS Vcc = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 

PARAMETER [ CONDITIONS | MIN TYP MAX [ UNITS 


Power Supply Generator 


V + Output Voltage 

1 Iqut = OmA 


8.0 

V 


<c 

E 

CM 

II 

l— 

=> 

O 


7.5 

V 

V~ Output Voltage 

Iqut = 0mA 


-8.0 

V 


louT = 12mA 


-6.5 

V 

Supply Rise Time 

SHUTDOWN to Turn-On 


0.2 

ms 


Power Supply 


Vcc Supply Current 

No Load (Note 2) 

• 

0.3 0.8 

mA 

Supply Leakage Current (Vcc) 

SHUTDOWN (Note 3) 

• 

1 10 

pA 

On/Off Threshold Low 


• 

1.4 0.8 

V 

On/Off Threshold High 


• 

2.0 1.4 

V 


RC CHARACTERISTICS 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R L = 3k, C L = 51 pF 



8 

30 

V/ps 


R l = 3k, C L = 2500pF 


2 

4 


V/ps 

Driver Propagation Delay 

tHLD (Figure 1) 

• 


2 

3 

ps 

(TTL to RS232) 

t LH D (Figure 1) 

• 


2 

3 

ps 

Receiver Propagation Delay 

t HL R (Figure 2) 

• 


0.3 

0.6 

ps 

(RS232 to TTL) 

Ilhr (Figure 2) 

• 


0.2 

0.6 

ps 


The • denotes specifications which apply over the operating temperature 
range (0°C < Ta< 70°C). 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Supply current is measured with driver and receiver outputs 
unloaded and driver inputs tied high. 

Note 3: Supply current and leakage measurements in SHUTDOWN are 
performed with Von = OV. 


TYPICAL PERFORfnAACE CHARACTERISTICS 


5 

£ 


Driver Output Voltage 

10 
8 
6 
4 
2 
0 

-2 
-4 
-6 
-8 

0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 

1337 G01 


R L = 3k 


! 1 

OUTPUT HIGH 





| -] 

Vcc = 5V 





v 

; G = 4.5V 


























OU 

rPUTL 

OW 







V( 

; C = 4.5V 





j 


\ 

CC = 5V 




0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


1337 602 



0 25 50 75 100 125 150 175 

DATA RATE (k BAUD) 

1337 G03 
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LTC1337 


typical p€RFORmnnc€ chrrrctcristics 


Vcc Supply Current 



TEMPERATURE (°C) 


Driver Leakage in SHUTDOWN 



O 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


1337 G04 


Receiver Short-Circuit Current 



TEMPERATURE (°C) 


1337 G05 


Driver Output Waveforms 


DRIVER 
OUTPUT 
R L = 3k 
C L = 2500pF 

DRIVER 
OUTPUT 
R l = 3k 


INPUT 



1337 G08 


1337 G07 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


1337 G06 

Receiver Output Waveforms 



1337G09 


pm Funcnons 

Vcc: 5 V Input Supply Pin. Supply current less than 1 jjA in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 nF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in the SHUTDOWN mode which 
reduces input supply current to less than IpAand places 
all drivers and receivers in high impedance state. This pin 
cannot float. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vcc - 
IV. This pin requires an external capacitor C = 0.1 pF for 
charge storage. The capacitor may be tied to ground or 5V. 


With multiple devices, the V + and V~ pins may be paral- 
leled into common capacitors. For large numbers of 
devices, increasing the size of the shared common storage 
capacitors is recommended to reduce ripple. 

V": Negative Supply Output (RS232 Drivers). V~ = (2V C c 
-1.5V). This pin requires an external capacitor C = 0.1 nF 
for charge storage. 

Cl + , Cl - , C2 + , C2~: Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1 pF. One from 
C1 + to C1~, and another from C2 + to C2~. To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 50Q. 
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LTC1337 


pm Funcnons 

DRIVER IN: RS232 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to \Iqc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 
DOWN mode or Vcc = OV. The driver outputs are protected 
against ESD to ±1 OkV for human body model discharges. 


RX IN: Receiver Inputs. These pins can be forced to ±25V 
without damage. The receiver inputs are protected against 
ESD to +10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. 


suiiTCHinG Time unvcFORms 



Figure 1 . Driver Propagation Delay Timing 



13371 


Figure 2. Receiver Propagation Delay Timing 


T€ST CIRCUITS 



Figure 3. Driver Timing Test Load 


RX 

OUTPUT 



T 


51 pF 


Figure 4. Receiver Timing Test Load 


ESD Test Circuit 
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LTC1337 


TVPicm nppucrmons 


Operation Using 5V and 12V Power Supplies 


5VV CC 



O-Im-F 


Typical Mouse Driving Application 



0.1 nF 
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LTC1338 



unm 


TECHNOLOGY 


5V Low Power RS232 


5-Driver/3-Receiver Transceiver 


FCRTURCS 

■ Low Supply Current: 500pA 

■ 0.2pA Supply Current in SHUTDOWN 

■ 50|aA Supply Current in RECEIVER ALIVE Mode 

■ ESD Protection Over ±10kV 

■ Operates from a Single 5V Supply 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120k Baud 

■ Three-State Outputs Are High Impedance When Off 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Flowthrough Architecture 

RPPUCOTIOnS 

■ Battery-Powered Modems 

■ Battery-Powered DCE 

■ Notebook Computers 

■ Palmtop Computers 


DCSCMPTIOn 

The LTC1338 is a 5-driver/3-receiver RS232 trans- 
ceiver with very low supply current. In the no load 
condition, the supply current is only 500pA. The charge 
pump only requires four 0.1 pF capacitors. 

In SHUTDOWN mode, the supply current is further 
reduced to 0.2pA. In RECEIVER ALIVE mode, all three 
receivers are kept alive and the supply current is 50pA. 
All RS232 outputs assume a high impedance state in 
SHUTDOWN and with the power off. 

The LTC1338 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 1 20k baud with a 2500pF, 3kQ load. Both 
driver outputs and receiver inputs can be forced to 
±25V without damage, and can survive multiple +1 OkV 
ESD strikes. 


TVPICfll RPPUCOTIOn 


5-Drivers/3-Receivers with SHUTDOWN 


Supply Current 



C4 

■ C3 'IE' 01 
* 0.1 nF — 


■ DRIVER 1 IN 

■ DRIVER 2 IN 
• RX1 OUT 

■ DRIVER 3 IN 
RX2 OUT 

' DRIVER 4 IN 
RX3 OUT 
DRIVER 5 IN 
GND 

DRIVER ENABLE 
NC 

LTC1338-TA01 



TEMPERATURE (°C) 


TEST CONDITION: 

V C c = 5V, ALL DRIVER INPUTS TIED TO V C c- ltci33 8 .tao 2 
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LTC1338 


absolute mnximum ratiags 

(Note 1) 


Supply Voltage (Vcc) 

6V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25V 

Driver/Receiver Enable Pin 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25 V to 25 V 

Receiver 

... - 0.3V to V cc + 0.3V 

Short Circuit Duration 

V + 

30 sec 

V“ 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

Commercial (LTC1338C) 

0°C to 70°C 

Industrial (LTC1338I) 

-40°C to 85°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R inFORfAATIOn 


v + 

Vcc 

C1 + 

cr 

DR1 OUT 
DR2 OUT 
RX1 IN 
DR3 OUT 
RX2 IN 
DR4 0UT 
RX3IN 
DR5 OUT 
RX ENABLE 
NC 


E 

E 

E 

E 

E- 

E- 

E- 

E- 

E- 

H- 

E- 

E- 

H 

E 


TOP VIEW 

^ 


28] V“ 

27] C2 + 

1U C2" 

-o<3— 25] DR1 IN 
^0-24] DR2IN 
-^>o- 23] RX1 OUT 

22] DR3 IN 

[>o- 2l] RX2 OUT 

o<J— 20] DR4IN 

| t>o- IE RX3 OUT 

■ i— o<J-iU DR5 in 
“* j 3 GND 

16] DR ENABLE 

m nc 


G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 
S PACKAGE 
28-LEAD PLASTIC SOL 


Tjmax = 125°C, 0j A = 96°C/W (G) 
Tjmax = 125°C, 0 JA = 56°C/W (N) 
Tjmax = 125°C, 0 JA = 85°C/W (S) 


ORDER PART 
NUMBER 


LTC1338CG 

LTC1338CN 

LTC1338CS 

LTC1338IG 

LTC1338IN 

LTC1338IS 


Consult factory for Military grade parts. 


DC 6LCCTRICAL CHAAACTCRISTICS Vcc = 5V, Cl = C2 = C3 = C4 = O.ljuF, unless otherwise noted. 


PARAMETER 

CONDITIONS 



MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

3k to GND 

Positive 

• 

5.0 

7.0 


V 



Negative 

• 

-5.0 

-6.5 


V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 


• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 


• 

2.0 

1.4 


V 

Logic Input Current 

0 < V||\j< Vcc 

• 

±5 

pA 

Output Short-Circuit Current 

V OU T = 0V 


±12 

mA 

Output Leakage Current 

SHUTDOWN, Vqut = ±20V (Note 3) 

• 


±10 

±500 

pA 


Any Receiver 


Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 

1.3 


V 


Input High Threshold 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

-10V<V| N <10V 


3 

5 

7 

kQ 

Output Voltage 

Output Low, Iqut = - 1 -6mA (Vcc = 5V) 

• 


0.2 

0.4 

V 


Output High, Iqut = 1 60pA (Vcc = 5V) 

• 

3.5 

4.8 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-15 

-40 


mA 

Output Leakage Current 

SHUTDOWN, 0< Vqut ^ V cc (Mote 3) 

• 

| 1 10 

pA 


Power Supply Generator 


V + Output Voltage 

Iout = 0 mA 


8.0 

V 


Iout = 12mA 


7.5 

V 

V" Output Voltage 

Iout = OniA 


-8.0 

V 


louT = - 12mA 


-7.0 

V 

Supply Rise Time 

SHUTDOWN to Turn-On 


0.2 

ms 
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LTC1338 


DC €l€CTRICRL CHARACTERISTICS Vcc = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 


PARAMETER | 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Power Supply 

Vcc Supply Current 

No Load (All Driver V )N = V cc )(Note 2) 0°C <T A < 70°C 



0.5 

1.0 

mA 


No Load (All Driver V m = 0V)(Note 2) 0°C < T A < 70°C 



1.0 

1.5 

mA 


No Load (All Driver Vim = Vcc)(Note 2) -40°C < T A < 85°C 



0.5 

1.5 

mA 


No Load (All Driver V )N = 0V)(Note 2) -40°C < T A < 85°C 



1.0 

2.0 

mA 


RECEIVER ALIVE Mode (Note 4) 

• 


50 

80 

pA 

Supply Leakage Current (V C c) 

SHUTDOWN (Note 3) 

• 


0.2 

10 

pA 

Driver/Receiver Enable Threshold Low 


• 


1.4 

0.8 

V 

Driver/Receiver Enable Threshold High 


• 

2.0 

1.4 


V 

RC CHARACT6RISTICS V cc = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R L = 3k, C L = 51 pF 



8 

30 

V/ps 


R l = 3k, C L = 2500pF 


3 

5 


V/ms 

Driver Propagation Delay 

t HL D (Figure 1) 

• 


2 

3.5 

ps 

(TTL to RS232) 

t lhd (Figure 1) 

• 


2 

3.5 

ps 

Receiver Propagation Delay 

t HL R (Figure 2) 

• 


0.3 

0.8 

ps 

(RS232 to TTL) 

t lhr (Figure 2) 

• 


0.2 

0.8 

ps 


The • denotes specifications which apply over the operating temperature 
range of 0°C to 70°C or -40°C to 85°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Supply current is measured with driver and receiver outputs 
unloaded. The V DR | V er enable and Vreceiver enable = Vcc- 


Note 3: Supply current and leakage current measurements in SHUTDOWN 
are performed with V DR | V er enable and Vreceiver enable = OV. 

Note 4: Supply current measurement in RECEIVER ALIVE mode is 
performed with V DR iver enable = OV and Vreceiver enable = Vcc- 


TVPicm P€RFORmnnc€ characteristics 


Driver Output Voltage 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 


LTC1338 • TPC01 


Receiver Input Thresholds 



TEMPERATURE fC) 


LTC1338 • TPC02 



0 20 40 60 80 100 120 140 

DATA RATE (k BAUD) 

LTC1338 • TPC03 
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LTC1338 


typical P€RFORmnnc€ chrrrctcristics 


i 


Q_ 

CL 


C/3 


Vqc Supply Current 

30 

25 
20 
15 
10 
5 

0 

-40 -20 0 20 40 60 80 100 


=J 


5DRIV 

i 

r ERS L 
Rl = 31 

OADED 

< 







” 


















! 


1 DRI' 

1 

i/ER LC 
R l = 31 

jaded' 

< 





r 

□ 

n 





-40 -20 0 20 40 60 80 100 



-40 -20 0 20 40 60 80 100 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


LTC1338*TPC05 


LTC1338 • TPC06 


Receiver Short-Circuit Current 



-40 -20 0 20 40 60 80 100 


Driver Output Waveforms 


DRIVER 
OUTPUT 
R l = 3k 
C L = 2500pF 
DRIVER 
OUTPUT 
R L = 3k 


INPUT 



LTC1338 • TPC08 


TEMPERATURE (°C) 


LTC1338*TPC07 


Receiver Output Waveforms 


RECEIVER 
OUTPUT 
C L = 50pF 


INPUT 



pm Funcnons 

Vcc: 5V Input Supply Pin. Supply current less than 0.2pA 
in the SHUTDOWN mode. This pin should be decoupled 
with a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

RECEIVER ENABLE: TTL/CMOS Compatible Enable Pin. 
Refer to Table 1 for its functional description. This pin can 
not float. 

DRIVER ENABLE: TTL/CMOS Compatible Enable Pin. Re- 
ferto Table 1 for its functional description. This pin can not 
float. 

V + : Positive Supply Output (RS232 Drivers). V + s 2Vqc - 
IV. This pin requires an external capacitor C = O.lpF for 


charge storage. The capacitor may be tied to ground or 5V. 
With multiple devices, the V + and V" pins may be paral- 
leled into common capacitors. For large numbers of 
devices, increasing the size of the shared common storage 
capacitors is recommended to reduce ripple. 

V”: Negative Supply Output (RS232 Drivers). \l~ = 2Vcc 
- 1 ,5V. This pin requires an external capacitor C = 0.1 pF for 
charge storage. 

C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C = O.lpF: one from 
C1 + to Cl", and another from C2 + to C2“. To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 20il 
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LTC1338 


pm Funcnons 

DRIVER IN: RS232 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 
DOWN, RECEIVER ALIVE mode or V cc = OV. The driver 
outputs are protected against ESD to ±10kV for human 
body model discharges. 


RX IN: Receiver Inputs. These pins can be forced to+25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN or RECEIVER DISABLE mode to allow data line 
sharing. 


Table 1. Functional Description 


MODE 

RX ENABLE 

DR ENABLE 

DRIVERS 

RECEIVERS 

ICC (MA)(TYP) 

SHUTDOWN 

0 

0 

All driver outputs are 
high impedance. 

All receiver outputs are 
high impedance. 

0.2 

Receiver Disable 

0 

1 

All drivers alive. 

i 

All receiver outputs are 
high impedance. 

500 

RECEIVER ALIVE 

1 

0 

All driver outputs are 
high impedance. 

All receivers alive. 

50 

Normal 

1 , 

1 

All drivers alive. 

All receivers alive. 

500 


swiTCHinG Time umvcFonms 



Figure 1. Driver Propagation Delay Timing 



Figure 2. Receiver Propagation Delay Timing 
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LTC1338 


T€ST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 


DRIVER 

INPUT 



LTC1 338 • F03 


RX INPUT 



LTC1338 • F04 


ESD Test Circuit 



— C4 
^ 0.1 jiF 


DRIVER 1 IN 
DRIVER 2 IN 
RX1 OUT 
DRIVER 3 IN 
RX2 OUT 
DRIVER 4 IN 
RX3 OUT 
DRIVER 5 IN 
GND 

DRIVER ENABLE 
NC 


LTC1338 • TC01 
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/TIinCAB 

TECHNOLOGY 5 v RS232 Transceiver with One 
Receiver Active in SHUTDOWN 


F€ATUR€S 

■ One Receiver Remains Active While in SHUTDOWN 

■ ESD Protection Over ±10kV 

■ Uses Small Capacitors: 0.1 nF, 0.2|oF 

■ 60pA Supply Current in SHUTDOWN 

■ Pin Compatible with LT1 137A 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power: 60mW 

■ Operates from a Single 5 V Supply 

■ Easy PC Layout: Flowthrough Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When 
Off or Powered Down 

■ Absolutely No Latch-Up 

■ Available in SSOP Package 

APPUCRTIORS 

■ Notebook Computers 

■ Palmtop Computers 


DCSCRIPTIOH 

The LT1341 is an advanced low power three-driver, five- 
receiver RS232 transceiver. Included on the chip is a 
shutdown pin for reducing supply current to near zero. 
During SHUTDOWN one receiver remains active to detect 
incoming RS232 signals, for example, to wake up a 
system. All other receivers and the drivers assume high 
impedance states during SHUTDOWN. 

The DRIVER DISABLE function provides additional con- 
trol of operating mode. When DRIVER DISABLE is high the 
charge pump and drivers turn off. Receivers continue to 
operate during DRIVER DISABLE. 

New ESD structures on the chip allow the LT1341 to 
survive multiple ±10kV strikes, eliminating the need for 
costly TransZorbs® on the RS232 line pins. 

The LT1341 is fully compliant with all EIA RS232 specifi- 
cations and operates in excess of 120k baud even driving 
heavy capacitive loads. 

TransZorb is a registered trademark of General Instruments, GSi 


TVPICRL APPUCATIOn 

Output Waveforms 


o.im-f : 


2 x 0.1 jjiF : 


TO LINE 


DRIVER 1 OUT • 
RX1 IN ■ 
DRIVER 2 OUT ■ 
RX2IN 
RX3IN ■ 
RX4IN ■ 
DRIVER 3 OUT ■ 
RX5 IN (LOW-Q) 
ON/OFF r 
NC 


cdzrr 

^^4=2- DRIVER 1 IN 
* 24 RX1 OUT 


°,, F U 



0.1 |xF 


TO LOGIC 


RING DETECT IN 

^CONTROLLER 

OR 

^PROCESSOR 

SHUTDOWN 
CONTROL OUT 


RECEIVER 
OUTPUT 
C L = 50pF 


DRIVER 
OUTPUT 
R l = 3k 
C L = 2500pF 


INPUT 
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LT1341 


absolute mnximum ratiags 


PACKAGE/ORDER lAFOAmATIOn 


(Note 1) 

Supply Voltage (V C c) 

6V 

V + 

13.2V 

y- 

-13.2 V 

Input Voltage 

Driver 

V + toV' 

Receiver 

30 V to -30 V 

Output Voltage 

Driver 

-30 V to 30 V 

Receiver 

... -0.3V to V cc + 0.3V 

Short Circuit Duration 

v + 

30 sec 

V- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

LT1341C 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


v * DI 

5 WccU 

ci + \£ 
cr [T 

DRIVER 1 OUT \T ■ I 

RX1 IN (T ■ I 

DRIVER 2 OUT | T 
RX2 IN QT 
RX3 IN |T 
RX4 IN go 


DRIVER 3 OUT |TTK 


(LOW-Q) 
ON/OFF g3 
NC g? 



G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 

S PACKAGE 
28-LEAD SOL 


Tjmax = 125°C, 0j A = 96°C/W (G) 
Tjmax= "I25°C, 6j A = 56°C/W (N) 
Tjmax= 125°C, 0ja = 85°C/W (S) 


ORDER PART 
NUMBER 


LT1341CG 

LT1341CN 

LT1341CS 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Generator 

V + Output 



8.6 

V 

V" Output 



-7 

V 

Supply Current (Vcc) 

(Note 3) 



14 

17 

mA 

Supply Current When OFF (Vcc) 

SHUTDOWN (Note 4) 

• 


0.06 

0.150 

mA 


DRIVER DISABLE 



3 


mA 

Supply Rise Time 

Cl = C2 = 0.2pF, 



0.2 


ms 

SHUTDOWN to Turn-On 

C + = C~ = 0.1 jjF 






ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 

• 


1.4 

0.8 

V 


Input High Level (Device Enabled) 

• 

2.4 

1.4 


V 

ON/OFF Pin Current 

0V < Von/off ^ 5V 

• 

-15 


80 

PA 

Driver Disable Pin Thresholds 

Input Low Level (Drivers Enabled) 

• 


1.4 

0.8 

V 


Input High Level (Drivers Disabled) 

• 

2.4 

1.4 


V 

Driver Disable Pin Current 

0V < Vqriver disable ^ 5V 

# 

-10 


500 

pA 

Oscillator Frequency 



130 

kHz 
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LT1341 


€l€CTMCAl CHAfllKTCMSTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

Load = 3ktoGND Positive 

• 

5 

7.3 


V 


Negative 

• 


-6.5 

-5 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2 

1.4 


V 

Logic Input Current 

0.8V < Vim < 2V 

• 


5 

20 

ma 

Output Short-Circuit Current 

V OU T = 0V 


±9 

±17 


mA 

Output Leakage Current 

SHUTDOWN V 0U t = ±30V (Note 4) 

• 


10 

100 

mA 

Slew Rate 

R l = 3k, C L = 51pF 



15 

30 

V/ms 


R L = 3k, C L = 2500pF 



6 


V/n S 

Propagation Delay 

Output Transition Irl High to Low (Note 5) 



0.6 

1.3 

MS 


Output Transition tm Low to High 



0.5 

1.3 

MS 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold (V 0 ut = High) 


0.8 

1.3 


V 


Input High Threshold (V 0 ut = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 



3 

5 

7 

k Q 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < Vqut £ V cc 

• 


1 

10 

ma 

Receivers 1 Through 4 

Output Voltage 

Output Low, l 0U T = -1.6mA 

• 


0.2 

0.4 

V 


Output High, I out =160|jA (V cc = 5V) 

• 

3.5 

4.2 


V 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 



-20 

-10 

mA 


Sourcing Current, Vout = OV 


10 

20 


mA 

Propagation Delay 

Output Transition t H L High to Low (Note 6) 



250 

600 

ns 


Output Transition tLH Low to High 



350 

600 

ns 

Receiver 5 (Low-Iq RX) 

Output Voltage 

Output Low, Iqut = — 500jaA 

• 


0.2 

0.4 

V 


Output High, l 0UT = 160 |liA (V CC = 5V) 

• 

3.5 

4.2 


V 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 



-4 

-2 

mA 


Sourcing Current, Vout = OV 


2 

4 


mA 

Propagation Delay 

Output Transition t^ High to Low (Note 6) 



1 

3 

MS 


Output Transition Low to High 



1 

3 

MS 


The • denotes specifications which apply over the full operating 
temperature range (0°C < T A < 70°C for commercial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at Vcc = 5 V and Von/off = 3V. 

Note 3: Supply current is measured as the average over several charge 
pump cycles. C + = C" = 0.1 pF, Cl = C2 = 0.2pF. All outputs are open with 
all driver inputs tied high. 


Note 4: Supply current and leakage measurements in SHUTDOWN are 
performed with Vqn/off ^ 0.1V. Supply current measurements using 
DRIVER DISABLE are performed with Vqriver disable ^ 3V. 

Note 5: For driver delay measurements, R|_ = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tnL = 1 -4V t0 OV and *lh = 1 -4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (tnL = 1 .3V to 2.4V and t L n = 1 .7V 
to 0.8V). 
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THRESHOLD VOLTAGE (V) SUPPLY CURRENT (jiA) 


LT1341 


typical P€RFonmnnc€ charactcristics 


Driver Output Voltage 
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Supply Current vs Data Rate 
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Supply Current in SHUTDOWN 
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Supply Current in 
DRIVER DISABLE 
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0n/0ff Thresholds 
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TVPicm P€RFORmnnc€ charrctcristics 


Driver Short-Circuit Current 
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TEMPERATURE (°C) 

LT1341 ♦TPCIO 



TEMPERATURE (°C) 


LT1341 • TPC11 


Receiver Output Waveforms 


RX5 OUTPUT 
C L = 50pF 

RX1 TO RX4 
OUTPUT 
C L = 50pF 


INPUT 



LT1341 -TPC12 



pm Funcnons 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can lead to low output drive 
levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: ATTL/CMOS logic low puts the device in the low 
power SHUTDOWN mode. All of the drivers and four 
receivers go to a high impedance state. Receiver RX5 
remains active while the transceiver is in SHUTDOWN. The 
transceiver consumes only 60pA of supply current while 
in SHUTDOWN. A logic high fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 


in a high impedance state. All receivers remain active 
under these conditions. Floating the driver disable pin or 
driving it to a logic low level fully enables the transceiver. 
Supply current drops to 3mA_when in DRIVER DISABLE 
mode. A logic low on the On/Off pin supersedes the state 
of the Driver Disable pin. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vqc - 
1.5V. This pin requires an external charge storage capaci- 
tor C > 0.1 pF, tied to ground or Vcc- Larger value 
capacitors may be used to reduce supply ripple. With 
multiple transceivers, the V + and V - pins may be paral- 
leled into common capacitors. For large numbers of 
transceivers, increasing the size of the storage capaci- 
tors is recommended to reduce ripple. 


rj mm 
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pm Funaions 

V”: Negative Supply Output (RS232 Drivers). V" = 
— (2Vcc - 2.5V). This pin requires an external charge 
storage capacitor C > O.lpF. To reduce supply ripple, 
increase the size of the storage capacitor. With multiple 
transceivers, the V + and V“ pins may be paralleled into 
common filter capacitors. 

C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C > 0.2pF: one from 
Cl + to Cl", and another from C2 + to C2". The capacitor’s 
effective series resistance should be less than 2£X For 
C > IpF, low ESR tantalum capacitors work well in this 
application, although small value ceramic capacitors may 
be used with a minimal reduction in charge pump compli- 
ance. When a 1 2 V supply is available, Cl may be omitted. 
Connect the 12V supply to C1 + and V + . The 12V supply 
should be decoupled with a 0.1 pF ceramic capacitor. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 
DOWN mode, Vcc = 0V, or when the driver disable pin 
is active. Outputs are fully short-circuit protected from 
Vout = V" + 30V to Vout = V + - 30V. Applying higher 
voltages will not damage the device if the overdrive is 


moderately current limited. Short circuits on one out- 
put can load the power supply generator and may 
disruptthe signal levels of the other outputs. The driver 
outputs are protected against ESD to ±1 OkV for human 
body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (+30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. Outputs, including 
LOW-Q RX OUT, are fully short-circuit protected to ground 
or Vcc with the power on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low Power Receiver Input. This 
special receiver remains active when the part is in SHUT- 
DOWN mode, consuming typically 60pA. This receiver has 
the same input and protection characteristics as the other 
receivers. 

LOW Q-CURRENT RX OUT: Low Power Receiver Output. 
This pin produces the same TTL/CMOS output voltage 
levels with slightly decreased speed and short-circuit 
current. 


€SD PROT€CTIOn 


The RS232 line inputs of the LT1 341 have on-chip protec- 
tion from ESD transients up to ±1 OkV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT 1 341 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is that 
low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V + , V" and GND shorted to ground or connected with low 
ESR capacitors. 


ESD Test Circuit 
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typical nppucnnons 

Operation Using 5V and 12V Power Supplies 



Typical Mouse Driving Application 
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LT1342 


5V RS232 Transceiver with 
3 V Logic Interface 


FCATUIteS 

■ ESD Protection Over ±10kV 

■ 3V Logic Interface 

■ Uses Small Capacitors: 0.1 pF, 0.2pF 

■ IpA Supply Current in SHUTDOWN 

■ Low Power Driver Disable Operating Mode 

■ Pin Compatible with LT1137A 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power: 60mW 

■ Operates from a 5V Supply and 3V Logic Supply 

■ Easy PC Layout: Flowthrough Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When 
Off or Powered Down 

■ Absolutely No Latch-Up 

APPUCOTIOnS 

■ Notebook Computers 

■ Palmtop Computers 


DcscmPTion 

The LT1342 is an advanced low power three-driver, five- 
receiver RS232 transceiver. The LT1342 operates from a 
5 V supply and a 3V logic supply. Receiver outputs can 
interface directly to 3 V logic circuits. Included on the chip 
isa shutdown pin for reducing supply currenttonearzero. 
All receivers and drivers assume high impedance states 
during SHUTDOWN. 

The DRIVER DISABLE function provides additional con- 
trol of operating mode. When DRIVER DISABLE is high the 
charge pump and drivers turn off. Receivers continue to 
operate during DRIVER DISABLE. 

New ESD structures on the chip allow the LT1342 to 
survive multiple ±1 OkV strikes, eliminating the need for 
costly TransZorbs® on the RS232 line pins. 

The LT 1 342 is fully compliant with all EIA RS232 specifi- 
cations and operates in excess of 1 20k baud even driving 
heavy capacitive loads. 

TransZorb is a registered trademark of General Instruments, GSI 


TVPICAl APPlICATIOn 



TO LINE 


xo.vf’^JJ 


O.ljaF 


DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT , 

GND 

DRIVER DISABLE 
NC 


Output Waveforms 


RECEIVER 
OUTPUT 
V L = 3V 
C L = 50pF 


DRIVER 
OUTPUT 
R L = 3k 
C L = 2500pF 


INPUT 
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LT1342 


m*soiuT€ maximum RnnnGs 


(Note 1) 


Supply Voltage (Vcc) 

6V 

Supply Voltage (VQ 

6V 

V + 

13.2V 

v- 

-13.2V 

Input Voltage 

Driver 

V-toV + 

Receiver 

-30V to 30V 

Output Voltage 

Driver 

-30V to 30V 

Receiver -0.3V to Vcc + 0.3V 

Short Circuit Duration 

v + 

30 sec 

V- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

LT1342C 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec).. 

300°C 


PnCKflG€/ORD€R IRFORmATIOn 



TOP VIEW 


ORDER PART 

v*|T 

KJ 

X V" 

NUMBER 

5VV CC GE 
ci + X 
cr [T 

DRIVER 1 OUT QT 
RX1 IN IX 


X C2" 

X C2 + 

X DRIVER 1 IN 

X RX1 OUT 

X DRIVER 2 IN 

LT1342CG 

LT1342CN 

LT1342CS 

| °N 


DRIVER 2 OUT \T 

1. |>0- 

X RX2 OUT 


RX2 IN X 

— Ip- 1>°" 

X RX3 OUT 


RX3 IN X 
RX4 IN go 
DRIVER 3 OUT gT 
RX5 IN X 
ON/OFF |X 
3VV L g4 

— fgi 

X RX4 OUT 

X DRIVER 3 IN 

X RX5 OUT 

X gnd 
driver 

^ DISABLE 

X NC 






G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 



S PACKAGE 
28-LEAD SOL 



Tjmax 

Tjmax 

Tjmax 

= 125°C, e JA = 96°C/W (G) 

= 125°C, 0 JA = 56°C/W (N) 

= 125°C, 0 JA = 85°C/W (S) 



Consult factory for Industrial and Military grade parts. 


CUCTRICAl CHRRRCTCRISTICS (Note 2) 


PARAMETER 


CONDITIONS 


MIN TYP MAX UNITS 


Power Supply Generator 


V + Output 



8.6 

V 

V Output 



-7 

V 

Supply Current (Vcc) 

(Note 3) 



12 

17 

mA 

Logic Supply Current (VJ 

(Note 4) 


0.1 1 

mA 

Supply Current When OFF (Vcc) 

SHUTDOWN (Note 5) 

• 


1 

10 

PA 


DRIVER DISABLE 



3 


mA 

Logic Supply Current (V|_) When OFF 

SHUTDOWN (Note 5) 

• 


1 

10 

pA 


DRIVER DISABLE 



0.1 

1 

mA 

Supply Rise Time 

Cl = C2 = 0.2pF, 



0.2 


ms 

SHUTDOWN to Turn-On 

C + = C“ = 0.1 (jlF 






ON/OFF Pin Thresholds 

Input Low Level (Device SHUTDOWN) 

• 


1.4 

0.8 

V 


Input High Level (Device Enabled) 

• 

2.4 

1.4 


V 

ON/OFF Pin Current 

0 V < Vqn/off ^ 5V 

• 

-15 


80 

pA 

Driver Disable Pin Thresholds 

Input Low Level (Drivers Enabled) 

• 


1.4 

0.8 

V 


Input High Level (Drivers Disabled) 

• 

2.4 

1.4 


V 

DRIVER DISABLE Pin Current 

OV < VdriveR DISABLE ^ 5V 

• 

-10 


500 

pA 

Oscillator Frequency 



130 

kHz 
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LT1342 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

Load = 3ktoGND Positive 

• 

5 

7.3 


V 


Negative 

• 


-6.5 

-5 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2 

1.4 


V 

Logic Input Current 

0.8V < V,n < 2V 

• 


5 

20 

mA 

Output Short-Circuit Current 

v OU t = ov 


9 

17 


mA 

Output Leakage Current 

SHUTDOWN V 0 ut = ±30V (Note 5) 

• 


10 

100 

pA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/jos 


R l = 3k, C L = 2500pF 



6 


V/ps 

Propagation Delay 

Output Transition t H L High to Low (Note 6) 



0.6 

1.3 

ps 


Output Transition Low to High 



0.5 

1.3 

MS 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vout = High) 


0.8 

1.3 


V 


Input High Threshold (Vout = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 



3 

5 

7 

kQ 

Output Leakage Current 

SHUTDOWN (Note 4) 0 < V 0U t * V cc 

• 

1 10 

MA 

Receivers 1 Through 4 

Output Voltage 

Output Low, Iout = — 1.6mA 

• 


0.2 

0.4 

V 


Output High, I 0 ut = 1 60|oA 

• 

2.7 

2.9 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 



-20 

-10 

mA 


Sourcing Current, Vout = 0V 


10 

20 


mA 

Propagation Delay 

Output Transition t R L High to Low (Note 7) 



250 

600 

ns 


Output Transition Low to High 



350 

600 

ns 

Receiver 5 

Output Voltage 

Output Low, Iout = — 500|oA 

• 


0.2 

0.4 

V 


Output High, Iout = 160jjA 

• 

2.7 

2.9 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 



-4 

-2 

mA 


Sourcing Current, Vout = OV 


2 

4 


mA 

Propagation Delay 

Output Transition t H L High to Low (Note 7) 



1 

3 

MS 


Output Transition Low to High 



1 

3 

MS 


The • denotes specifications which apply over the full operating 
temperature range (0°C < T A < 70°C for commercial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at V C c = 5V, V L = 3.3V and V 0 n/off = 3V. 

Note 3: Supply current is measured with external capacitors C + = C~ 

= 0.1 nF, Cl = C2 = 0.2(oF. All outputs are open with all driver inputs 
tied high. 

Note 4: Vl supply current is measured with all receiver outputs high. 


Note 5: Supply current and leakage measurements in SHUTDOWN are 
performed with Von/off ^ 0.1V. Supply current measurements using 
DRIVER DISABLE are performed with V DR | V er disable ^ 3V. 

Note 6: For driver delay measurements, Rl = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tm = 1 .4V to OV and t LH = 1 .4V to OV). 
Note 7: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t R L = 13V to 2.4V and t L H = 1.7V 
to 0.8V). 
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LT1342 


TVPicni P€RFORmnnc€ chrrrctcristics 


Driver Output Voltage 
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Supply Current vs Data Rate 
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Supply Current in 
DRIVER DISABLE 
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Driver Disable Threshold 
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Receiver Output Waveforms 



VL = 3V LT1342 • TPC12 
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Driver Output Waveforms 



pm Funcnons 

Vcc: 5 V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

Vl: 3 V Logic Supply Pin. Provides power to the receiver 
outputs. Decouple with a 0.1 piF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: A TTL/CMOS Compatible Operating Mode Con- 
trol. A logic low puts the device in the low power SHUT- 
DOWN mode. Drivers and receivers assume a high imped- 
ance state in shutdown. The transceiver consumes almost 
no supply current while in shutdown. A logic high fully 
enables the transceiver. An On/Off logic low signal super- 
sedes the state of the Driver Disable pin. 


DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 
in a high impedance state. All five receivers remain active 
under these conditions. Floating the driver disable pin or 
driving it to a logic lowjevel fully enables the transceiver. 
A logic low on the On/Off pin supersedes the state of the 
Driver Disable pin. Supply current drops to 3mA when in 
Driver Disable mode. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vcc~ 
1 ,5V. This pin requires an external charge storage capaci- 
tor C > 0.1 (iF, tied to ground or Vcc- With multiple 
transceivers, the V + and V - pins may be paralleled into 
common charge storage capacitors. Larger value capaci- 
tors may be used to reduce supply ripple. 
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pm Funcnons 

V - : Negative Supply Output (RS232 Drivers). V - = 
-(2Vcc - 2.5V). This pin requires an external charge 
storage capacitor C > O.lpF. To reduce supply ripple, 
increase the size of the storage capacitor. 

C1 + , Cl”, C2 + , C2 _ : Commutating Capacitor Inputs. These 
pins require two external capacitors C > 0.2pp. one from 
C1 + to Cl", and another from C2 + to C2“. The capacitor's 
effective series resistance should be less than 2n. For 
C > IpF, low ESR tantalum capacitors work well in this 
application, although small value ceramic capacitors may 
be used with a minimal reduction in charge pump compli- 
ance. For operation with an external 12V supply, omit Cl 
and connect the 1 2 V supply to pin Cl + . Pin V + may also be 
shorted to C1 + when a separate supply is used. The 12V 
supply must be bypassed with a 0.1 F capacitor. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
compatible with TTL or CMOS logic. Tie unused inputs to 
V C corV L . 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 
3k. Slew rates are controlled for lightly loaded lines. 
Output current capability is sufficient for load condi- 
tions up to 2500pF. Outputs are in a high impedance 


state when in SHUTDOWN mode, Vcc = 0V, or when the 
driver disable pin is active. Outputs are fully short- 
circuit protected from V' + 30V to V + - 30V. Applying 
higher voltages will not damage the device if the over- 
drive is moderately current limited. Short circuits on 
one output can load the power supply generator and 
may disrupt the signal levels of the other outputs. The 
driver outputs are protected against ESD to ±10V for 
human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with 3.3V Logic Compatible 
Voltage Levels. Outputs are in a high impedance state 
when in SHUTDOWN mode to allow data line sharing. 
Outputs are fully short-circuit protected to ground or Vcc 
or Vl with the power on, off, or in SHUTDOWN mode. 
Receiver output level is determined by Vl supply voltage. 
Use Vl = 3.3V for interfacing with 3.3V logic, Vl = 5V for 
interfacing with 5 V logic. 


CSD PROTCCTIOfl 


The RS232 line inputs of the LT1342 have on-chip protec- 
tion from ESD transients up to ±10kV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT 1 342 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is that 
low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V + , V - and 6ND shorted to ground or connected with low 
ESR capacitors. 


ESD Test Circuit 



0.2|iF _)+ 

DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT 
GND 

DRIVER DISABLE 
NC 

LT1342.ESDTC 
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Operation Using 5V and 12V Power Supplies 


5V Vq C 


0.1 (J.F 


0.1 nF ~J+ 



O.ljxF 


“ LT1342 • TA03 


Typical Mouse Driving Application 
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TECHNOLOGY 5V Low Power RS232 

3-Driver/5-Receiver Transceiver 
with 5 Receivers Active 
in Shutdown 


F€flTUft€S 

■ Low Supply Current: 300pA 

■ Five Receivers Kept Alive in Shutdown 

■ ESD Protection Over ±10kV 

■ Operates from a Single 5V Supply 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120kBaud 

■ Three-State Outputs Are High Impedance When Off 

■ Output Overvoltage Does Not Force Current Back 
into Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Pin Compatible with LT1137A and LT1237 

■ Flowthrough Architecture 

flppucnnons 

■ Notebook Computers 

■ Palmtop Computers 


DCSCRIPTIOfl 

The LTC1347 is a 3-driver/5-receiver RS232 transceiver 
with very low supply current. In the no load condition, the 
supply current is only 300pA. The charge pump only 
requires four 0.1 pF capacitors. 

In Shutdown mode, all five receivers are kept alive and the 
supply current is 80pA. All RS232 outputs assume a high 
impedance state in Shutdown and with the power off. 

The LTC1347 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 120kbaud with a 2500pF, 3kfl load. Both 
driver outputs and receiver inputs can be forced to ±25V 
without damage, and can survive multiple ±10kV ESD 
strikes. 


TVPICRL RPPUCRTIOn 


3-Drivers/5-Receivers with SHUTDOWN 



Quiescent and Shutdown Supply Current vs 
Temperature 



TEMPERATURE (°C) 

TEST CONDITION: 

V CC = 5V, ALL DRIVER INPUTS TIED TO V CC . 

1347TA02 
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PflCKRG€/ORD€R IRFORmRTIOR 


Supply Voltage (V cc ) 

6V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25V 

On/Off Pin 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25V to 25 V 

Receiver 

... -0.3V to V cc + 0.3V 

Short-Circuit Duration 

v + 

30 sec 

V- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range .... 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


V+ [I 
VccE 
ci + X 
cr X 

DRIVER 1 OUT \T 
RX1 IN IX 
DRIVER 2 OUT [7 
RX2 IN X 
RX3 IN X 
RX4 IN X 
DRIVER 3 OUT QT 
RX5 IN X 
ON/OFF X 
NC X 






V" 

C2 + 

|X C2" 

DRIVER 1 IN 
[XI RX1 OUT 
DRIVER 2 IN 

B RX2 OUT 
RX3 OUT 
RX4 OUT 
X] DRIVER 3 IN 
TD RX5 OUT 

77] GND 
X] NC 
XI NC 


G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 
S PACKAGE 
28-LEAD PLASTIC SOL 


ORDER PART 
NUMBER 


LTC1347CG 

LTC1347CN 

LTC1347CS 


Tjmax = 125°C, 0ja = 96°C/W (G) 
Tjmax = 125°C, 0 JA = 56°CAV (N) 
Tjmax = 125°C, 0j A = 85°C/W (S) 


Consult factory for Industrial and Military grade parts. 


DC €l€CTRICRl CHRRRCTCRISTICS Vqc = 5V, Cl = C2 = C3 = C4 = O.IjiF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Any Driver 

Output Voltage Swing 

3k to GND Positive 

• 

5.0 7.0 

V 


Negative 

• 

-5.0 -6.5 

V 

Logic Input Voltage Level 

Input Low Level (Vqut = High) 

• 

1.4 0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 1.4 

V 

Logic Input Current 

Vim = 5V 

• 

5 

pA 


V| N = OV 

• 

-5 

mA 

Output Short-Circuit Current 

V OU T = 0V 


±12 

mA 

Output Leakage Current 

Shutdown, Vqut = ±20V (Note 3) 


±10 ±500 

pA 


Any Receiver 


Input Voltage Thresholds 

Input Low Threshold 

Input High Threshold 

• 

• 

0.8 

1.3 

1.7 

2.4 

V 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V| N = ±10V 


3 

5 

7 

ka 

Output Voltage 

Output Low, Iqut = - 1 -6mA (V C c = 5V) 

• 


0.2 

0.4 

V 


Output High, Iqut = 1 60jllA (Vqc = 5V) 

• 

3.5 

4.8 


V 

Output Short-Circuit Current 

Sinking Current, Vqut = v cc 


-15 

-40 


mA 


Sourcing Current, Vqut = 0V 


10 

20 


mA 
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DC ELECTRICAL CHARACTERISTICS Vqc = 5V, Cl = C2 = C3 = C4 = O.IjliF, unless otherwise noted. 


PARAMETER [ CONDITIONS [ MIN TYP MAX | UNITS 

Power Supply Generator 


V + Output Voltage 

Iout = 0 m A 
•out = 1 2mA 


8.0 

7.5 

V 

V 

V“ Output Voltage 

Iout = OmA 


-8.0 

V 


Iout = -12mA 


-7.0 

V 

Supply Rise Time 

Shutdown to Turn-On 


0.2 

ms 







Power Supply 


Vcc Supply Current 

No Load (All Drivers V iN = Vcc)(Note 2) 

• 

0.3 0.8 

mA 


No Load (All Drivers V )N = OV) (Note 2) 

• 

0.5 1.0 

mA 


Shutdown (Note 3) 

• 

80.0 120.0 

pA 

On/Off Threshold Low 


• 

1.4 0.8 

V 

On/Off Threshold High 


• 

2.0 1.4 

V 


RC CHARACTERISTICS Vcc = 5V, Cl = C2 = C3 = C4 = O.ljoF, unless otherwise noted. 


PARAMETER 

CONDITIONS 


MIN TYP MAX 

UNITS 

Slew Rate 

R l = 3k, C L = 51 pF 


8 30 

V/ps 


R l = 3k, C L = 2500pF 


3 5 

V/ps 

Driver Propagation Delay 

t H LD (Figure 1) 

• 

2 3.5 

ps 

(TTL to RS232) 

1[_hd (Figure 1) 

• 

2 3.5 

ps 

Receiver Propagation Delay 

<HLR (Figure 2) 

• 

0.3 0.8 

ps 

(RS232 to TTL) 

turn (Figure 2) 

• 

0.2 0.8 

ps 


The • denotes specifications which apply over the operating temperature 
range (0°C < Ta < 70°C for commercial grade. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Supply current is measured with driver and receiver outputs 
unloaded. 

Note 3: Supply current and leakage current measurements in Shutdown 
are performed with Vqn/off = OV. 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Driver Output Voltage 


R L = 3k 


l 

DUTPUTHIGh 
V C c = 5V 












W ^ A l-W 






v cc : 




























OUTPU 

IT LOW 






Vcc = 

= 4.5V 

1 





V CC = 5V 

r 



0 20 40 60 

TEMPERATURE (°C) 


80 100 


Receiver Input Thresholds 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 


Supply Current vs Data Rate 
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TVPicni P€RFORmnnc€ chrrrctcristics 


< 

E 


Vcc Supply Current 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 

1347 604 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 

1347 G05 


Driver Short-Circuit Current 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 

1347 G06 



-40 -20 0 20 40 60 80 100 


Driver Output Waveforms 


DRIVER 
OUTPUT 
R l = 3k 
C L = 2500pF 

DRIVER 
OUTPUT 
R L = 3k 


INPUT 



1347 G08 


TEMPERATURE (°C) 


Receiver Output Waveforms 



pm Funcuons 

Vcc: 5V Input Supply Pin. Supply current is typically 80pA 
in the Shutdown mode. This pin should be decoupled with 
a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in the shutdown mode with all receiv- 
ers kept alive, and the supply current is 80pA. All driver 
outputs are in high impedance state. This pin cannot float. 

V + : Positive Supply Output (RS232 Drivers). 
V + = 2Vcc - IV. This pin requires an external capacitor C 


= 0.1 pF for charge storage. The capacitor may be tied to 
ground or Vcc- With multiple devices, the V + and V" pins 
may be paralleled into common capacitors. For large 
numbers of devices, increasing the size of the shared 
common storage capacitors is recommended to reduce 
ripple. 

V": Negative Supply Output (RS232 Drivers). 
V“ = - (2Vpc - 1.5V). This pin requires an external 
capacitor C = 0.1 pF for charge storage. 


xruifflB 
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C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1 pF: one from 
C1 + to C1“, and another from C2 + to C2~. To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 2a. 

DRIVER IN: RS232 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in shutdown 


mode or Vcc =0V. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 

RX IN: Receiver Inputs. These pins can be forced to ±25V 
without damage. The receiver inputs are protected against 
ESD to ±1 OkV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. All receivers are kept alive in shutdown. 


swiTCHinG Time (unvcFORms 


DRIVER 

INPUT 


DRIVER 

OUTPUT 


i \l 

r i.4V* 

i 

r 

L L4V^ 

/ 

J\ 



Sq V 

*HLD 

^OV 

tLHD 



• Vcc 
-0V 

- V + 

- V“ 


Figure 1. Driver Propagation Delay Timing 



Figure 2. Receiver Propagation Delay Timing 
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T€ST CIRCUITS 



Figure 3. Driver Timing Test Load Figure 4. Receiver Timing Test Load 



Figure 5. ESD Test Circuit 
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TECHNOLOGY 


5V Low Power RS232 


3-Driver/5-Receiver Transceiver 
with 2 Receivers Active 
in SHUTDOWN 


F€flTUR€S 

■ Low Supply Current: 300pA 

■ Two Receivers Kept Alive in SHUTDOWN 

■ ESD Protection Over ±10kV 

■ Operates from a Single 5V Supply 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120k Baud 

■ Three-State Outputs Are High Impedance When Off 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Pin Compatible with LT1137A and LT1237 

■ Flowthrough Architecture 

nppucnTions 

■ Notebook Computers 

■ Palmtop Computers 


DCSCRIPTIOn 

The LTC1349 is a 3-driver/5-receiver RS232 transceiver 
with very low supply current. In the no load condition, the 
supply current is only 300pA. The charge pump only 
requires four 0.1 pF capacitors. 

In SHUTDOWN mode, two receivers are kept alive and the 
supply current is 35pA. All RS232 outputs assume a high 
impedance state in SHUTDOWN and with the power off. 

The LTC1349 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 120k baud with a 2500pF, 3kQ load. Both 
driver outputs and receiver inputs can be forced to ±25V 
without damage, and can survive multiple ±10kV ESD 
strikes. 


TVPicni flppucnnon 


3-Drivers/5-Receivers with SHUTDOWN 


v + 

Cl -EI 

0.1 pT '^XT s v cc 

C2-=" 

0.1|aF^T^_ 

DRIVER 1 OUT ■ 
RX1 IN ■ 
DRIVER 2 OUT 
RX2IN 
RX3IN 
RX4IN 
DRIVER 3 OUT 
RX5 IN 
ON/OFF 
NC 



Quiescent and SHUTDOWN Supply Current 
vs Temperature 



TEMPERATURE (°C) 

TEST CONDITION: 

V cc = 5V, ALL DRIVER INPUTS TIED TO V CC . 

LTC1 349 * TA02 
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Supply Voltage (Vcc) 

6V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25V 

On/Off Pin 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25V to 25V 

Receiver 

... -0.3V to V cc + 0.3V 

Short Circuit Duration 

v + 

30 sec 

V- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

Commercial (LTC1349C) 

0°C to 70°C 

Industrial (LTC1349I) 

-40°C to 85°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmRTIOR 



TOP VIEW 


ORDER PART 

v + [T 
Vcc [I 
ci + |T 
cr [T 

DR1 OUT [T 
RX1 IN Of 
DR2 OUT | T 
RX2 IN |T 
RX3 IN ITT 
RX4 IN |i0 
DR3 OUT |TT 
RX5 IN |l2 
ON/OFF |13 
NC |H 


^1 v~ 

27| C2 + 

26] C2“ 

25] DR1 IN 

NUMBER 


LTC1349CG 

LTC1349CN 

LTC1349CS 

1 t?- 

J ?J, 

23] DR2 IN 

22] RX2 OUT 

10 RX3 OUT 
^ RX4 OUT 

19] DR3 IN 

T8] RX5 OUT 

T 3 GND 

m nc 

m NC 

°<q 

1 Kn 

1 ISn 

LTC1349IG 

1 

LTC1349IN 

o<fl_ 

LTC1349IS 

1 


1 ^ 




G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 

S PACKAGE 

28-LEAD PLASTIC SOL 

Tjmax = 125°C, 0j A = 96°C/W (G) 

Tjmax = 125°C, 0 JA = 56°C/W (N) 

Tjmax = 125°C, e JA = 85°C/W (S) 



Consult factory for Military grade parts. 


PC €l€CTRICRL CHARACTERISTICS Vcc = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 

PARAMETER [ CONDITIONS 1 MIN TYP MAX [ UNITS 

Any Driver 


Output Voltage Swing 

3k to GND Positive 

• 

5.0 7.0 

V 


Negative 

• 

-5.0 -6.5 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 

1.4 0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 1.4 

V 

Logic Input Current 

V,n = 5V 

• 

5 

pA 


V i N = 0 V 

• 

-5 

pA 

Output Short-Circuit Current 

Vout = 0V 


±12 

mA 

Output Leakage Current 

SHUTDOWN, Vqut = ±20V (Note 3) 

• 

±10 ±500 

pA 


Any Receiver 


Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 

1.3 


V 


Input High Threshold 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

-10V<V| N <10V 


3 

5 

7 

kQ 

Output Voltage 

Output Low, Iout = -1.6mA (Vcc = 5V) 

• 


0.2 

0.4 

V 


Output High, Iqut = 1 60|oA (Vcc = 5V) 

• 

3.5 

4.8 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-15 

-40 


mA 

Output Leakage Current 

SHUTDOWN, 0 < Vqut ^ V cc (Note 3) 

• 

r i io 

pA 


Power Supply Generator 


V + Output Voltage 

Iout = 0 m A 


8.0 

V 


Iout = 12mA 


7.5 

V 

V" Output Voltage 

Iout = 0 m A 


-8.0 

V 


Iout = -12mA 


-7.0 

V 

Supply Rise Time 

SHUTDOWN to Turn-On 


0.2 

ms 
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DC €l€CTRICRl CHRRRCTCRISTICS Vqc = 5V, Cl = C2 = C3 = C4 = O.ljoF, unless otherwise noted. 


PARAMETER | CONDITIONS [ MIN TYP MAX | UNITS 

Power Supply 


Vqq Supply Current 

No Load (All Drivers V| N = Voc)(Note 2), 0 < T A < 70°C 

• 

0.3 

0.8 

mA 


No Load (All Drivers Vin = 0V)(Note 2), 0 <T A < 70°C 

• 

0.5 

1.0 

mA 


No Load (All Drivers V )N = V cc )(Note 2), -40°C <T A < 85°C 

• 

0.3 

1.0 

mA 


No Load (All Drivers V, N = 0V)(Note 2), -40°C < T A < 85°C 

• 

0.5 

1.5 

mA 

Supply Leakage Current (Vqc) 

SHUTDOWN (Note 3) 

• 

35 

50 

pA 

On/Off Threshold Low 


• 

1.4 

0.8 

V 

On/Off Threshold High 


• 

2.0 1.4 

V 


RC CHRRRCTCRISTICS Vqc = 5V, Cl = C2 = C3 = C4 = O.ljoF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R L = 3k, C L = 51 pF 

1 


8 

30 

V/jus 


R l = 3k, C L = 2500pF 


3 

5 


V/ps 

Driver Propagation Delay 

t HL D (Figure 1) 

• 


2 

3.5 

MS 

(TTL to RS232) 

tLHD (Figure 1) 

• 


2 

3.5 

MS 

Receiver Propagation Delay 

t H LR (Figure 2) 

• 


0.3 

0.8 

MS 

(RS232 to TTL) 

*lhr (Figure 2) 

• 


0.2 

0.8 

MS 


The • denotes specifications which apply over the operating temperature 
range (0°C < Ta < 70°Cfor commercial grade, -40°C < Ta < 85°C for 
industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Supply current is measured with driver and receiver outputs 
unloaded. 

Note 3: Supply current and leakage current measurements in SHUTDOWN 
are performed with Von/off = OV. 


TVPicni PCRFonmnncc chrrrctcristics 


Driver Output Voltage 


R L = 

3k 


l 

DUTPUT HIGH 
Vcc = 5V 









T1Ll 

l _— “ 

w ^ , ^ tl 



— 




VCC- 




























OUTPU 

IT LOW 

i 





Vcc = 

:4.5V 

1 ' 1 





V CC = 5V 

r 




-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 


LTC1349*TPC01 


Receiver Input Thresholds 



TEMPERATURE (*C) 


LTC1349 • TPC02 


Supply Current vs Data Rate 
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TYPICAL PCRFORmnnCC CHRRRCT6RISTICS 


Vcc Supply Current 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 

LTC1 349 • TPC04 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 

LTC1349 • TPC05 


Driver Short-Circuit Current 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 

LTC1349 • TPC06 



-40 -20 0 20 40 60 80 100 


Driver Output Waveforms 


DRIVER 
OUTPUT 
R l = 3k 
C L = 2500pF 
DRIVER 
OUTPUT 
R l = 3k 


INPUT 


LTC1349-TPC08 



TEMPERATURE (°C) 


Receiver Output Waveforms 


RECEIVER 
OUTPUT 
C L = 2500pF 


INPUT 



pin Funcnons 

Vcc: 5 V Input Supply Pin. Supply current is typically 35pA 
in the SHUTDOWN mode. This pin should be decoupled 
with a O.ljjf ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible SHUTDOWN Pin. A logic 
low puts the device in SHUTDOWN mode, with receivers 
4 and 5 kept alive and the supply current equal to 35|aA. All 
driver outputs and other receiver outputs are in high 
impedance state. This pin can not float. 

V + : Positive Supply Output (RS232 Drivers). V + = 2 Vqc - 
IV. This pin requires an external capacitor C = 0.1 pF for 
charge storage. The capacitor may be tied to ground or 5V. 


With multiple devices, the V + and V" pins may be paral- 
leled into common capacitors. For large numbers of de- 
vices, increasing the size of the shared common storage 
capacitors is recommended to reduce ripple. 

V - : Negative Supply Output (RS232 Drivers). \T=2\lcc - 
1 .5 V. This pin requires an external capacitor C = 0.1 jjF for 
charge storage. 

C1\ CT, C2 + , C2“: Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1 pF: one from 
C1 + to Cl", and another from C2 + to C2~. To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 20£X 
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DRIVER IN: RS232 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 
DOWN mode or Vcc = OV. The driver outputs are protected 
against ESD to ±1 OkV for human body model discharges. 


RX IN: Receiver Inputs. These pins can be forced to +25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Receiver 1 , 2 and 3 outputs are in a high impedance 
state when in SHUTDOWN mode to allow data line sharing. 
Receivers 4 and 5 are kept alive in SHUTDOWN. 


SUIITCHIRG Tim€ WRVCFORmS 



Figure 1 . Driver Propagation Delay Timing 



Figure 2. Receiver Propagation Delay Timing 


TCST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 



LTC1349-TA03 
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ESD Test Circuit 



LTC1349*TC 
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F€RTUR€S 


■ Low Supply Current 300pA 

■ Receivers 4 and 5 Kept Alive 

in SHUTDOWN 35pA 

■ ESD Protection ±10kV 

■ Operates from a Single 3.3V Supply 

■ Uses Small Capacitors 0.1 pF 

■ Operates to 120k Baud 


■ Three-State Outputs are High Impedance 
When Off 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ EIA/TIA-562 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Flowthrough Architecture 

nppucnnons 

■ Notebook Computers 

■ Palmtop Computers 


3.3V Low Power 
EIA/TIA-562 3-Driver/ 
5-Receiver Transceiver 

DCSCMPTIOH 

The LTC1350 is a 3-driver/5-receiver EIA/TIA-562 trans- 
ceiver with very low supply current. In the no load condi- 
tion, the supply current is only 300pA. The charge pump 
only requires four 0.1 pF capacitors. 

In SHUTDOWN mode, two receivers are kept alive and 
the supply current is only 35pA. All RS232 outputs 
assume a high impedance state in SHUTDOWN or with 
the power off. 

The LTC1 350 is fully compliant with all data rate and 
overvoltage EIA/TIA-562 specifications. The transceiver 
can operate up to 120k baud with a lOOOpF and 3k 
load. Both driver outputs and receiver inputs can be 
forced to ± 25 V without damage and can survive multiple 
±10kV ESD strikes. 


TYPICAL flPPUCOTIOn 


3-Drivers/5-Receivers with Shutdown Quiescent and Shutdown Supply Current vs Temperature 


v + —I 

2 

Vcc — 
ci + — 

cr — 
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28 V” 
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26 

— C2" 

I w 24 
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RX1 IN — 

non m it 

22 
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9 

DVO IM 
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10 
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nDO m it ^ ^ 
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Supply Voltage (Vcc) 

5 V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25V 

ON/OFF Pin 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25V to 25V 

Receiver 

... -0.3V to V cc + 0.3V 

Short-Circuit Duration 

v + 

30 sec 

v- 

30 sec 

Driver Output.... 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

Commercial (LTC1350C) 

0°C to 70°C 

Industrial (LTC1 3501) 

-40°C to 85°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG6/ORDCR infORRlfiTIOn 



TOP VIEW 


ORDER PART 

v*E 

W 

28] V" 

NUMBER 

vccGE 


27] C2 + 


ci + QT 


26] C2“ 

LTC 1350 CG 

cr [T 

1 ^ 

25] DR1 IN 

LTC 1350 CN 

DR1 OUT |X 

J i >r 

24] RX1 OUT 

LTC 1350 CS 

RX1 IN |T 

- J f <L 

23] DR2 IN 

LTC 1350 IG 

RX2 IN [F 

— 1 r-t- 

m RX3 OUT 

LTC 1350 IN 

RX3 IN QT 


20] RX4 OUT 

LICiSbOlS 

RX4 IN |10 


J9] DR3 IN 


DR3 OUT ITT 

'r-O- 

18] RX5 OUT 


RX5IN H2 

1 

17] GND 


ON/OFF 03 


W] NC 


NC 04 


15] NC 


G PACKAGE N PACKAGE 


28-LEAD SSOP 28-LEAD PLASTIC DIP 



S PACKAGE 




28-LEAD PLASTIC SOL 



Tjmax = 125°C, 0 JA = 96°CA/V (G) 


Tjmax = 125°C, Gja = 56°C/W (N) 


Tjmax = 125°C,0j A = 85 o C/W (S) 



Consult factory for Military grade parts 


DC CLCCTRICRL CHRRRCTCRISTICS Vqc = 3.3V, Cl = C2 = C3 = C4 = O.lpiF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

3k to GND Positive 

• 

3.7 

4.5 


V 


Negative 

• 

-3.7 

-4.5 


V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 



1.4 

0.8 

V 


Input High Level (Vout = Low) 


2.0 

1.4 


V 

Logic Input Current 

Vin = Vcc 

• 



5 

pA 


V iN = OV 

• 



-5 

pA 

Output Short-Circuit Current 

V OU T = 0V 


±10 

mA 

Output Leakage Current 

SHUTDOWN (Note 3), V 0U t = ±20V 



10 

500 

pA 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 

1.3 


V 


Input High Threshold 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

Vjim =±10V 


3 

5 

7 

kQ 

Output Voltage 

Output Low, Iout = -1.6mA (Vqc = 3.3V) 

• 


0.2 

0.4 

V 


Output High, I 0U t = 160|oA (V cc = 3.3V) 

• 

3.0 

3.2 


V 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 


-3 

-20 


mA 

Output Leakage Current 

SHUTDOWN (Note 3), 0V < V 0U t ^ V cc 

• 

1 10 

pA 
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DC CICCTMCfll CHflRflCTCMSTICS Vqc = 3.3V, Cl = C2 = C3 = C4 = O.ljnF, unless otherwise noted. 


PARAMETER j CONDITIONS | MIN TYP MAX | UNITS 

Power Supply Generator 


V + Output Voltage 

Iout = OmA 


5.7 

V 


Iout = 5mA 


5.5 

V 

V" Output Voltage 

Iout = 


-5.3 

V 


Iout = -5mA 

1 

-5.0 

V 

Supply Rise Time 

SHUTDOWN to Turn-On 

i 

0.2 

ms 


Power Supply 


Vcc Supply Current 

No Load (All Drivers V !N = V cc )(Note 2) 0°C < T A < 70°C 

• 

0.3 

0.6 

mA 


No Load (All Drivers V, N = 0)(Note 2) 0°C < T A < 70°C 

• 

0.5 

1.0 

mA 


No Load (All Drivers V| N = Vcc)(Note 2) -40°C < T A < 85°C 

• 

0.3 

1.0 

mA 


No Load (All Drivers V iN = 0)(Note 2) -40°C < T A < 85°C 

• 

0.5 

1-5 

mA 


SHUTDOWN (Note 3) 

• 

35 

50 

pA 

ON/OFF Threshold Low 


• 

1.4 

0.8 

V 

ON/OFF Threshold High 


• 

! 2.0 1.4 

V 


RC CHRfiRCTCmSTICS Vqq = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R L = 3k, C L = 51pF 



8 

30 

V/ps 


R l = 3k, C L = lOOOpF 


3 

5 


V/ps 

Driver Propagation Delay 

tHLD (Figure 1) 

• 


2 

3.5 

ps 

(TTL to EIA/TIA-562) 

Lhd (Figure 1) 

• 


2 

3.5 

ps 

Receiver Propagation Delay 

t H LR (Figure 2) 

• 


0.3 

0.8 

ps 

(EIA/TIA-562 to TTL) 

ti.HR (Figure 2) 

• 


0.3 

0.8 

ps 


The • denotes specifications which apply over the operating temperature 
range of 0°C < T A < 70°C for commercial grade, -40°C < T A < 85°C for 
Industrial grade. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Supply current is measured with driver and receiver outputs 
unloaded. 

Note 3: Supply current measurement in SHUTDOWN mode is performed 
with Von/off = OV. 
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TYPICAL PCRFORmnnCC CHARACTCRISTICS 


Driver Output Voltage 
vs Temperature 
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LTC1350*TPC04 


Receiver Short-Circuit Current 



Receiver Input Thresholds 
vs Temperature 



LT1350 • TPC02 


Driver Leakage in Shutdown 
vs Temperature 


-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 



20 30 40 50 

TEMPERATURE (°C) 


60 70 


LTC1350 *TPC05 


Driver Output Waveforms 
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TEMPERATURE (°C) 
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DATA RATE (k Baud) 

LTC1350 • TPC03 

Driver Short-Circuit Current 
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LTC1350*TPC06 


Receiver Output Waveform 
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Vcc: 3.3V Input Supply Pin. Supply current is typically 
35pA in the SHUTDOWN mode. This pin should be de- 
coupled with a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in the SHUTDOWN mode with receiv- 
ers 4 and 5 kept alive and the supply current equal to 35pA. 
All driver and other receiver outputs are in high impedance 
state. This pin cannot float. 

V + : Positive Supply Output. V + a 2Vcc - IV. This pin 
requires an external capacitor (C = 0.1 pF) for charge 
storage. The capacitor may be tied to ground or Vcc- With 
multiple devices, the V + and V - pins may be paralleled into 
common capacitors. For a large number of devices, in- 
creasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 

V": Negative Supply Output. V ~ a - (2Vcc - 1 .3V). This 
pin requires an external capacitor (C = 0.1 pF) for charge 
storage. 


C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors (C = 0.1 pF): one from 
C1 + to Cl' and another from C2 + to C2". To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 200. 

DR IN: EIA/TIA-562 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to V c c- 

DR OUT: Driver Outputs at EIA/TIA-562 Voltage Levels. 
Outputs are in a high impedance state when in the SHUT- 
DOWN mode or Vqc = OV. The driver outputs are protected 
against ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins can be forced to +25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Receiver 1 , 2 and 3 outputs are in a high impedance 
state when in SHUTDOWN mode to allow data line sharing. 
Receivers 4 and 5 are kept alive in SHUTDOWN. 


suiTCHinG Time wnveFonms 
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Figure 1. Driver Propagation Delay Timing 


Figure 2. Receiver Propagation Delay Timing 
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T€ST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 



LTC1350 • TA03 


RX INPUT 



LTC1350»TA04 


ESD Test Circuit 
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FCATURCS 

■ ESD Protection over ±10kV 

■ Low Cost 

■ Uses Small Capacitors: O.lpF 

■ CMOS Comparable Low Power: 40mW 

■ Operates from a Single 5V Supply 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When 
Powered Down 

■ Absolutely No Latch-Up 

■ Available in Narrow SO Package 

nppucmrions 

■ Portable Computers 

■ Battery-Powered Systems 

■ Power Supply Generator 

■ Terminals 

■ Modems 


Low Power 5V RS232 Dual 
Driver/Receiver with 
0.1 jiF Capacitors 

DCSCRIPTIOn 

The LT1381 is a dual RS232 driver/receiver pair with 
integral charge pump to generate RS232 voltage levels 
from a single 5V supply. The circuit features rugged 
bipolar design to provide operating fault tolerance and 
ESD protection unmatched by competing CMOS designs. 
Using only 0.1 pF external capacitors, the circuit con- 
sumes only 40mW of power and can operate to 1 20k baud 
even while driving heavy capacitive loads. New ESD struc- 
tures on the chip allow the LT1381 to survive multiple 
±1 OkV strikes, eliminating the need forcostly TransZorbs® 
on the RS232 line pins. Driver outputs are protected from 
overload and can be shorted to ground or up to ±25V 
without damage. During power-off conditions, driver and 
receiver outputs are in a high impedance state, allowing 
line sharing. 

TransZorb is a registered trademark of General Instruments, GSI 


TYPICAL APPUCATIOn 



-5V INPUT 
► V + OUT 


► V - OUT 


-RS232 OUTPUT 
-RS232 INPUT 


Output Waveforms 
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rbsolutc maximum rrtirgs 

(Note 1) 


Supply Voltage (Vcc) . 
V + 

v- 

Input Voltage 

Driver 

Receiver 

ON/OFF 

Output Voltage 

Driver 

Receiver 

Short-Circuit Duration 


6 V 

13.2V 

-13.2V 

v-tov + 

-30V to 30V 

-0.3V to 12V 

V + - 30V to V" + 30V 
.-0.3V to V cc + 0.3V 


V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1381C 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IHFORfflRTIOn 


C1 + U 

TOP VIEW 

^7 

jU Vcc 

ORDER PART 
NUMBER 



V + U 


jU GND 

LT1381CN 

cr U 


U\ TR1 OUT 

LT1381CS 

C2 + [T 


]U REC1 IN 


C2“ [I 


12] REC1 OUT 


v U 


HI TR1 IN 


TR2 OUT U 


TR2 IN 


REC2IN |T 


¥] REC2 OUT 


N PACKAGE S PACKAGE 


16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC 


Tjmax = 125°C, e JA =90°C/W, e JC = 46°C/W (N) 


Tjmax = 1 25°C, 0 j A =11 0 °C/ W, e JC = 34°C/W (S) 



Consult factory for Industrial and Military grade parts. 


€l€CTRICRl CHRRRCTCRISTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Power Supply Generator 

V + Output 



7.9 

V 

V" Output 



-7.0 

V 

Supply Current (Vcc) 

(Note 3), T A = 25°C 



8 

14 

mA 

• 



16 

mA 

Supply Rise Time 

Cl =C2 = C3 = C4 = 0.1|oF 


0.2 

ms 

Oscillator Frequency 



130 

kHz 

Driver 

Output Voltage Swing 

Load = 3k to GND Positive 

• 

5.0 

7.5 


V 


Negative 

• 


-6.3 

-5.0 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V < V| N < 2.0V 

• 


5 

20 

MA 

Output Short-Circuit Current 

Vout = 0V 


9 

17 


mA 

Output Leakage Current 

Power Off Vout = ±15V 

• 


10 

100 

MA 

Slew Rate 

R l = 3k, C L = 51 pF 



15 

30 

V/ms 


R l = 3k, C L = 2500pF 


4 

6 


V/ms 

Propagation Delay 

Output Transition tuL High to Low (Note 4) 


0.6 

1.3 

ps 


Output Transition t|_H Low to High 



0.5 

1.3 

MS 
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€l€CTRICRl CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Receiver 

Input Voltage Thresholds 

Input Low Threshold (Vout = High) 


0.8 

1.3 


V 


Input High Threshold (Vout = Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

V||\| = ±1 OV 


3 

5 

7 

kQ 

Output Voltage 

Output Low, louT = -1-6mA 

• 


0.2 

0.4 

V 


Output High, Iqut = 160pA (V c c = 5 V) 

• 

3.5 

4.2 


V 

Output Short-Circuit Current 

Sinking Current, V 0 ut = Vcc 



-20 

-10 

mA 


Sourcing Current, Vout = OV 


10 

20 


mA 

Propagation Delay 

Output Transition t HL High-to-Low (Note 5) 



250 

600 

ns 


Output Transition tLH Low-to-High 



350 

600 

ns 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Testing done at Vcc = 5V, unless otherwise specified. 

Note 3: Supply current is measured as the average over several charge 
pump cycles. C + = C“ = Cl = C2 = O.lpF. All outputs are open, with all 
driver inputs tied high. 


Note 4: For driver delay measurements, R[_ = 3k and Cl = 51 pF. Trigger 
points are set between the driver’s input logic threshold and the output 
transition to the zero crossing (tnL = 1 -4V t0 OV and ti_H = 1 -4V to OV). 
Note 5: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver’s input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (tnL = 1 .3V to 2.4V and Ilh = 1 .7V 
to 0.8V). 


TVPICfll P€RFORmnnC€ CHRRRCT€RISTICS 


Driver Maximum Output Voltage 
vs Load Capacitance 



LOAD CAPACITANCE (nF) 


Driver Minimum Output Voltage 
vs Load Capacitance 



LOAD CAPACITANCE (nF) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1381 • TPC01 


LT1381 • TPC02 


LT1381 • TPC03 
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SHORT-CIRCUIT CURRENT (mA) THRESHOLD VOLTAGE (V) 
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V cc : 5 V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vcc - 
1 .5 V. This pin requires an external charge storage capaci- 
tor C > 0.1 pF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V~ pins may be paralleled into 
common capacitors. 

V": Negative Supply Output (RS232 Drivers). \l~ ~ - 
(2Vcc-2.5V). This pin requires an external charge storage 
capacitor C > 0.1 pF. Larger value capacitors may be used 
to reduce supply ripple. With multiple transceivers, the V + 
and V - pins may be paralleled into common capacitors. 

TR1 IN, TR2 IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

TR1 OUT, TR2 OUT: Driver Outputs at RS232 Voltage 
Levels. Driver output swing meets RS232 levels for loads 
up to 3k. Slew rates are controlled for lightly loaded lines. 


Output current capability is sufficient for load conditions 
up to 2500pF. Outputs are in a high impedance state 
when Vcc = 0V. Outputs are fully short-circuit protected 
from V - + 25V to V + - 25V. Applying higher voltages will 
not damage the device if the overdrive is moderately 
current limited. Short circuits on one output can load the 
powersupplygeneratorand may disrupt the signal levels 
of the other outputs. The driver outputs are protected 
against ESDto+IOkVforhuman body model discharges. 

REC1 IN, REC2 IN: Receiver Inputs. These pins accept 
RS232 level signals (±30V) into a protected 5k terminat- 
ing resistor. The receiver inputs are protected against ESD 
to +1 OkV for human body model discharges. Each receiver 
provides 0.4V of hysteresis for noise immunity. Open 
receiver inputs assume a logic low state. 

REC1 OUT, REC2 OUT: Receiver Outputs with TTL/CMOS 
Voltage Levels. Outputs are fully short-circuit protected to 
ground or Vcc with the power ON or OFF. 

C1 + , Cl - , C2 + , C2 - : Commutating Capacitor Inputs. 
These pins require two external capacitors C > 0.1 pF: one 
from C1 + to Cl - and another from C2 + to C2 - . Cl may be 
deleted if a separate 1 2V supply is available and connected 
to pin C1 + . 


€SD PROTCCTIOn 

The RS232 line inputs of the LT1381 have on-chip protec- 
tion from ESD transients up to ±10kV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the circuit 
must be connected to ground through low impedances. 
The power supply decoupling capacitors and charge pump 
storage capacitors provide this low impedance in normal 
application of the circuit. The only constraint is that low 
ESR capacitors must be used for bypassing and charge 
storage. ESD testing must be done with pins Vcc, V + , V - 
and GND shorted to ground or connected with low ESR 
capacitors. 


ESD Test Circuit 
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Operation Using 5V and 12V Power Supplies 



Sharing Capacitors 
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5V Low Power 
RS232 Transceiver 
with Shutdown 


F€HTUR€S 

■ Operates from a Single 5V Supply 

■ Low Supply Current: Ice = 220 juA 

■ Iqc = 0.2pA in Shutdown Mode 

■ ESD Protection Over ±10kV 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120kBaud 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Pin Compatible with LT1180A 

nppuennons 

■ Notebook Computers 

■ Palmtop Computers 


DCSCMPTIOn 

The LTC1382 is an ultra-low power 2-driver/2-receiver 
RS232 transceiver that operates from a single 5V 
supply. The charge pump requires only four space- 
saving O.lpF capacitors. 

The transceiver operates in one of two modes, Normal 
and Shutdown. In the Normal mode, Ice is only 220pA 
with the driver outputs unloaded. In the Shutdown 
mode, the charge pump is turned off, the driver outputs 
are forced into three-state, both receivers are off and 
Icc drops to 0.2pA. 

The LTC1382 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 1 20kbaud with a 2500pF, 3kL2 load. Both 
driver outputs and receiver inputs can be forced to 
±25 V without damage and can survive multiple ±1 OkV 
ESD strikes. 


TVPicm flppucmion 


2-Drivers/2-Receivers with Shutdown 



Quiescent and Shutdown Supply Current 
vs Temperature 
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LTC1382 


M3soiUT€ maximum rrtirgs 


Supply Voltage (Vcc) 

6 V 

Input Voltage 

Driver 

.. -0.3V to V C c + 0.3V 

Receiver 

-25V to 25V 

Digital Input 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25 V to 25 V 

Receiver 

... -0.3V to V cc + 0.3V 

Short-Circuit Duration 

v + 

30 sec 

V- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range .... 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R mFORITlRTIOn 


NC [T 

TOP VIEW 

O 

]U ON/OFF 

ORDER PART 
NUMBER 



C1 + \2_ 


m V CC 

LTC1382CN 

r GE 


16] GND 

LTC1382CS 

cr (T 


jU TR1 OUT 


C2 + (T 


14] RX1 IN 


C2“ |T 


HI RX1 OUT 


v-E 


El TR1 IN 


TR2 OUT [T 


TT] TR2 IN 


RX2IN |T 


¥| RX2 OUT 


N PACKAGE S PACKAGE 


18-LEAD PLASTIC DIP 18-LEAD PLASTIC SOL 


Tjmax 3 

125°C, 0 JA = 56°C/W (N) 


Tjmax = 

125°C, 0ja = 85°C/W (S) 



Consult factory for Industrial and Military grade parts. 


DC CLCCTRICRL CHRRRCTCRISTICS 


Vcc = 5V, Cl = C2 = C3 = C4 = O.lpF, Vqn/off = Vcc unless otherwise noted. 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX | 

UNITS 

Any Driver 

Output Voltage Swing 

3k to GND Positive 

• 

5.0 

7.0 


V 


Negative 

• 

-5.0 

-6.5 


V 

Logic Input Voltage Level 

Input Low Level (V 0 ut = High) 

• 


1.4 

0.8 

V 


Input High Level (Vqut = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

V|N = v cc 

• 



5 

pA 


V (N = OV 

• 


-20 

-40 

pA 

Output Short-Circuit Current 

Vqut = 0V 


±12 ! 

mA 

Output Leakage Current 

Shutdown or Vcc = °V (Note 3), Vqut = ±20V 

• 


±10 

±500 | 

pA 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 

1.3 


V 


Input High Threshold 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

-10V<V, N <10V 


3 

5 

7 

kft 

Output Voltage 

Output Low, Iout = -1.6mA (V G c = 5 V) 

• 


0.2 

0.4 

V 


Output High, Iout = 1 60pA (Vcc = 5V) 

• 

3.0 

3.2 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-15 

-40 


mA 


Sourcing Current Vout = 0V 


10 

20 


mA 

Output Leakage Current 

Shutdown (Note 3), 0V < Vqut ^ V C c 

• 

j 1 10 

pA 
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LTC1382 


DC ClECTRICAl CHARACTERISTICS 

Vqc = 5V, Cl = C2 = C3 = C4 = 0.1 pF, Vqn/off = V cc , unless otherwise noted. 


PARAMETER { CONDITIONS [ MIN TYP MAX | UNITS 

Power Supply Generator 


V + Output Voltage 

Iout = OmA 


8.0 

V 


Iout = 8mA 

i 

7.5 

V 

V~ Output Voltage 

Iout = OmA 

i 

-8.0 

V 


Iout = -8mA 


- 7.0 

V 

Supply Rise Time 

Shutdown to Turn-On 


0.2 

ms 


Power Supply 


Vcc Supply Current 

No Load (Note 2) 

• 

0.22 0.5 

mA 

Supply Leakage Current (Vcc) 

Shutdown (Note 3) 

• 

0.2 10 

pA 

Digital Input Threshold Low 


• 

1.4 0.8 

V 

Digital input Threshold High 


• 

2.0 1.4 

V 


AC CHARACTERISTICS 


Vcc = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R L = 3k, C L = 51 pF 



8 

30 

V/ps 


R L = 3k, C L = 2500pF 


3 

5 


V/ps 

Driver Propagation Delay 

<hld (Figure 1) 

• 


2 

3.5 

ps 

(TTL to RS232) 

Ilhd (Figure 1) 

• 


2 

3.5 

ps 

Receiver Propagation Delay 

'hlr (Figure 2) 

• 


0.3 

0.8 

ps 

(RS232 to TTL) 

t LH R (Figure 2) 

• 


0.3 

0.8 

ps 


The • denotes specifications which apply over the operating temperature 
range of 0°C < T A < 70°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Supply current is measured with driver and receiver outputs 
unloaded. 

Note 3: Measurements made in the Shutdown mode are performed 
with Vqn/off = 0V. 


TVPICAL PERFORfnAACE CHARACTERISTICS 


Driver Output Voltage 
vs Temperature 


Receiver Input Thresholds 

vs Temperature Supply Current vs Data Rate 
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LEAKAGE CURRENT SUPPLY CURRENT (mA) 


LTC1382 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Vqq Supply Current 
vs Temperature 













— 












2 DF 

1IVER5 

— 

LOAD 

ED 





R|_ = 3k 







" 



1 1 1 

1 DRIVER LOADED 





r l = 

3k 



















0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 

LTC1382 • TPC04 


Driver Short-Circuit Current 
vs Temperature 
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TEMPERATURE (°C) 

LTC1302 • TPC05 


Driver Leakage in Shutdown 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


Driver Output Waveforms 



LTC1382 • TPC08 


LTC1349 • TPC05 


RECEIVER 
OUTPUT 
C L = 51 pF 


INPUT 


Receiver Short-Circuit Current 
vs Temperature 
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TEMPERATURE (°C) 
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Receiver Output Waveforms 
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LTC1382 


pm Funcnons 

Vcc: 5 V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in the Shutdown mode. Both driver 
outputs are forced into three-state and the supply current 
is 0.2 jjA. 

V + : Positive Supply Output (RS232 Drivers). V + s 2Vcc - 
2 V. This pin requires an external capacitor C = 0.1 pF for 
charge storage. The capacitor may be tied to ground or 
Vcc- With multiple devices, the V + and V' pins may share 
a common capacitor. For large numbers of devices, in- 
creasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 

V - : Negative Supply Output (RS232 Drivers). V ~=- (2Vqc 
— 2V). This pin requires an external capacitor C = 0.1 pF for 
charge storage. 

C1\ Cl", C2 + , C2“: Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1 pF: one from 
C1 + to C1“ and another from C2 + to C2~. To maintain 


charge pump efficiency, the capacitor’s effective series 
resistance should be less than 2Q. 

TR IN: RS232 Driver Input Pins. Inputs are TTL/CMOS 
compatible. The inputs of unused drivers can be left 
unconnected since 300k input pull-up resistors to Vcc are 
included on chip. To minimize power consumption, the 
internal driver pull-up resistors are disconnected from Vcc 
in the Shutdown mode. 

TR OUT: Driver Outputs at RS232 Voltage Levels. Outputs 
are in a high impedance state when in the Shutdown or 
Vcc = 0V. The driver outputs are protected against ESD to 
+10kV for human body model discharges. 

RX IN: Receiver I nputs. These pins can be forced to ±25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in the 
Shutdown mode. 


SUJITCHinG Time WflVCFORmS 
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Figure 1 . Driver Propagation Delay Timing 


Figure 2. Receiver Propagation Delay Timing 
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LTC1382 


T€ST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 



LTC1382*TA03 



LTC1382 • TA04 


ESD Test Circuit 



O.ljaF 


RS232 
L LINE PINS 
f PROTECTED 
TO±10kV 
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TECHNOLOGY 5V Low Power 


RS232 Transceiver 


F€RTUR€S 

■ Operates from a Single 5V Supply 

■ Low Supply Current: Icc = 220 jjA 

■ ESD Protection Over ±10kV 

■ Available in 16-Pin SOIC Narrow Package 

■ Uses Small Capacitors: 0.1 juF 

■ Operates to 120kBaud 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ RS232 I/O Lines Can Be Forced to ±25 V 
Without Damage 

■ Pin Compatible with LT1181Aand MAX232A 

rppucrtiors 

■ Notebook Computers 

■ Palmtop Computers 


D6SCRIPTIOR 

The LTC1 383 is an ultra-low power 2-driver/2-receiver 
RS232 transceiver that operates from a single 5V 
supply. The charge pump requires only four space- 
saving 0.1 pF capacitors. The supply current (Icc) of the 
transceiver is only 220qA with driveroutputs unloaded. 

The LTC1383 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 1 20kbaud with a 2500pF, 3kO load. Both 
driver outputs and receiver inputs can be forced to 
±25V without damage and can survive multiple ±1 OkV 
ESD strikes. 



TVPICRl RPPUCRTIOR 



Quiescent Supply Current vs Temperature 



TEMPERATURE (°C) 


LTC1383-TA02 
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LTC1383 


absolute mnximum nnnnGs 


Supply Voltage (V cc ) 

6V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25V 

Digital Input 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25V to 25 V 

Receiver 

... -0.3V to V cc + 0.3V 

Short-Circuit Duration 

V + 

30 sec 

v- 

30 sec 

Driver Output..... 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range .... 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRGE/ORDER IRFORmRTIOR 





ORDER PART 


TOP VIEW 


NUMBER 

ci + [T 


E Vcc 



v + E 


E gnd 

LTC1383CN 

cr E 


E TR1 OUT 

LTC1383CS 

C2 + E 


E RX1 IN 


C2" E 


E RX1 OUT 


v" E 


E TR1 IN 


TR2 OUT \T 


E TR2 IN 


RX2IN E 


¥] RX2 0UT 


N PACKAGE S PACKAGE 


16-LEAD PLASTIC DIP 16-LEAD NARROW 



PLASTIC SOIC 


Tjmax = 

125°C, 0 JA = 65°C/W (N) 


Tjmax = 

125°C, Qja = 95°CA/V (S) 



Consult factory for Industrial and Military grade products. 


DC ELECTRICAL CHARACTERISTICS Vcc = 5V, Cl = C2 = C3 = C4 = 0.1|oF, unless otherwise noted. 


PARAMETER [ CONDITIONS \ MIN TYP MAX | UNITS 

Any Driver 


Output Voltage Swing 

3k to GND Positive 

• 

5.0 7.0 

V 


Negative 

• 

-5.0 -6.5 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 

1.4 0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 1.4 

V 

Logic Input Current 

Vin = Vcc 

• 

5 

PA 


V,n = 0V 

• 

-20 -40 

|tA 

Output Short-Circuit Current 

Vqut = 0V 


±12 

mA 


Any Receiver 


Input Voltage Thresholds 

Input Low Threshold 

Input High Threshold 

• 

• 

0.8 

1.3 

1.7 

2.4 

V 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

-10V < V| N < 10V 


3 

5 

7 

kn 

Output Voltage 

Output Low, Iout = - 1 -6mA (Vcc = 5V) 

• 


0.2 

0.4 

V 


Output High, Iout = 1 60|oA (Vcc = 5V) 

• 

3.0 

3.2 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-15 

-40 


mA 


Sourcing Current Vqut = 0V 


10 

20 


mA 


Power Supply Generator 


V + Output Voltage 

Iout = OnnA 


8.0 

V 


Iout = 8mA 


7.5 

V 

V" Output Voltage 

Iout = 0mA 


-8.0 

V 


Iout = -8mA 


-7.0 

V 
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LTC1383 


DC ElECTRICfll CHARACTERISTICS Vqc = 5V, Cl = C2 = C3 = C4 = O.ljaF, unless otherwise noted. 


PARAMETER | CONDITIONS | MIN TYP MAX | UNITS 

Power Supply 


Vcc Supply Current 

No Load (Note 2) 

• 

0.22 0.5 

mA 

Digital Input Threshold Low 

! 

• 

1.4 0.8 

V 

Digital Input Threshold High 

i 

• 

2.0 1.4 

V 


RC CHARACTERISTICS Vcc = 5V, Cl = C2 = C3 = C4 = O.IjiF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R l = 3k, C L = 51 pF 



8 

30 

V/ps 


R l = 3k, C L = 2500pF 


3 

5 


V/ps 

Driver Propagation Delay 

Ihld (Figure 1) 

• 


2 

3.5 

MS 

(TTL to RS232) 

Lhd (Figure 1) 

• 


2 

3.5 

MS 

Receiver Propagation Delay 

tHLR (Figure 2) 

• 


0.3 

0.8 

MS 

(RS232 to TTL) 

Ilhr (Figure 2) 

• 


0.3 

0.8 

MS 


The • denotes specifications which apply over the operating temperature Note 2: Supply current is measured with driver and receiver outputs 
range of 0°C < T A < 70°C. unloaded. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


TVPICRL P€RFORmRRC€ CHARACTERISTICS 


Driver Output Voltage 
vs Temperature 



TEMPERATURE (°C) 

LTC1383 • TPCOI 


Receiver Input Thresholds 
vs Temperature 
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TEMPERATURE fC) 
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Supply Current vs Data Rate 
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LTC1383 


TVPICfll P€RFORmnnC€ CHAftflCT€RISTICS 


Vqc Supply Current 

vs Temperature Driver Output Waveforms 




O 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


LTC1383 • TPC04 


Receiver Output Waveforms 



pin Funcnons 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a O.lpF ceramic capacitor. 

GND: Ground Pin. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vpc - 
2 V. This pin requires an external capacitor C = O.lpF for 
charge storage. The capacitor may be tied to ground or 
Vcc- With multiple devices, the V + and V" pins may share 
a common capacitor. For large numbers of devices, in- 
creasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 

V": Negative Supply Output (RS232 Drivers). V “=-(2Vcc 
- 2 V). This pin requires an external capacitor C = 0.1 pF for 
charge storage. 

C1 + , Cl", C2 + , C2 _ : Commutating Capacitor Inputs. These 
pins require two external capacitors C = O.lpF: one from 
C1 + to cr and another from C2 + to C2“. To maintain 


charge pump efficiency, the capacitor’s effective series 
resistance should be less than 2i2. 

TR IN: RS232 Driver Input Pins. Inputs are TTL/CMOS 
compatible. The inputs of unused drivers can be left 
unconnected since 300k input pull-up resistors to Vcc are 
included on chip. 

TR OUT: Driver Outputs at RS232 Voltage Levels. The 
driver outputs are protected against ESD to ±10kV for 
human body model discharges. 

RX IN: Receiver Inputs. These pins can be forced to±25V 
without damage. The receiver inputs are protected against 
ESD to ±1 OkV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage 
Levels. 
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SWITCHIRG Time UJRVCFORmS 


DRIVER 

INPUT 


DRIVER 

OUTPUT 


t|_HD- 




t 


tHLD 


Vcc 

RX 

OV 

INPUT 

v + 

RX 

V" 

OUTPUT 



Vcc 

OV 

Vcc 

OV 


LTC1383 • F02 


Figure 1 . Driver Propagation Delay Timing 


Figure 2. Receiver Propagation Delay Timing 


T€ST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 



LTC1383*TA03 


RX INPUT 


LTC1383 *TA04 



ESD Test Circuit 



0.1 ^iF 


RS232 
l line PINS 
f PROTECTED 
TO ±10kV 
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LTC1383 


TYPICAL flPPUCOTIOnS 


Paralleling Power Supply Generator 
with Common Storage Capacitors 
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TECHNOLOGY 5V Low Power RS232 

Transceiver with 2 Receivers 
Active in Shutdown 



FCRTURCS 


DCSCRIPTIOn 


■ Operates from a Single 5V Supply 

■ Low Supply Current: Ice = 220pA 

■ Ice = 35joA in Shutdown Mode with Both 
Receivers Kept Alive 

■ ESD Protection Over ±10kV 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120kBaud 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Pin Compatible with LT1180A 

RPPUCRTIOnS 

■ Notebook Computers 

■ Palmtop Computers 


The LTC1384 is an ultra-low power 2-d rive r/2-receive r 
RS232 transceiver that operates from a single 5V 
supply. The charge pump requires only four space- 
saving 0.1 pF capacitors. 

The transceiver operates in one of two modes, Normal and 
Shutdown. In the Normal mode, Ice is or| ly 220pA with the 
driver outputs unloaded. In the Shutdown mode, the 
charge pump is turned off, the driver outputs are forced 
into three-state, both receivers are kept active and Ice 
drops to 35pA. The receiver outputs may be forced into 
three-state at any time using the receiver enable (EN) pin. 

The LTC1384 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 1 20kbaud with a 2500pF, 3kQ load. Both 
driver outputs and receiver inputs can be forced to 
±25V without damage and can survive multiple ±1 OkV 
ESD strikes. 




Quiescent and Shutdown Supply Current 
vs Temperature 
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TEMPERATURE (°C) 
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LTC1384 


absolute mnximum ratiags 

Supply Voltage (Vcc) 6V 

Input Voltage 

Driver -0.3V to Vcc + 0.3V 

Receiver -25V to 25V 

Digital Input -0.3V to Vcc + 0.3V 

Output Voltage 

Driver -25V to 25 V 

Receiver -0.3 V to Vcc + 0.3V 


Short-Circuit Duration 

V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R lAFORmATIOn 


RXEN QJ 
C1 + 

V + 

cr 

C2 + 

C2~ 

V" 


G PACKAGE 
20-LEAD SSOP 

Tjmax = 1 25°C, 0j A = 1 35°C/W 


VO 

20] ON/OFF 

19] VCC 

ORDER PART 

TOP VIEW 


NUMBER 

RXEN [T 
C1 + d 
V + |T 

cr |T 

C2 + Q[ 
C2~ |T 
v-d 
TR2 OUT |T 



18] GND 

TF] TR1 OUT 

Tjs] RX1 IN 

15] RX1 OUT 

U\ TR1 IN 

13] TR2 IN 

12] RX2 OUT 

1l] NC 

LTC1384CG 




RX2IN Q[ 




N PACKAGE S 


1 8-LEAD PLASTIC DIP 1 8-LEAD PLASTIC SOL 
Tjmax = 125°C,0 JA = 56 O C/W 


ORDER PART 
NUMBER 


LTC1384CN 

LTC1384CS 


Consult factory for Industrial and Military grade parts. 


DC CL6CTRICAL CHARACTERISTICS 


V C c = 5V, Cl = C2 = C3 = C4 = O/lpF, Vqn/off = Vcc, EN = 0V, unless otherwise noted. 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX | 

UNITS 

Any Driver 

Output Voltage Swing 

3k to GND Positive 

• 

5.0 

7.0 


V 


Negative 

• 

-5.0 

-6.5 


V 

Logic Input Voltage Level 

Input Low Level (Vqut = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

V|N = Vcc 

• 



5 

mA 


VfN = 0V 

• 


-20 

-40 

mA 

Output Short-Circuit Current 

Vout = 0V 


; ±12 | 

mA 

Output Leakage Current 

Shutdown or Vcc = OV (Note 3), Vqut = ±20V 

• 


±10 

±500 

pA 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold 


0.8 

1.3 


V 


Input High Threshold 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1 

V 

Input Resistance 

- 1 0V < V| N < 1 ov 


3 

5 

7 

kQ 

Output Voltage 

Output Low, Iout = - 1 -6mA (V C c = 5V) 

• 


0.2 

0.4 

V 


Output High, Iqut = 160pA (Vcc = 5V ) 

• 

3.0 

3.2 


V 
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LTC1384 


DC CICCTRICfll CHARACTERISTICS 

Vqc = 5V, Cl = C2 = C3 = C4 = O.lpF, Vqn/off = Vcc. EN = OV, unless otherwise noted. 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Output Short-Circuit Current 

Sinking Current, Vout = Vqc 


-15 

-40 


mA 


Sourcing Current, Vout = OV 


10 

20 


mA 

Output Leakage Current 

EN = V cc , 0V< V out < V cc 

• 

1 10 

pA 


Power Supply Generator 


V + Output Voltage 

louT = 0mA 

Iout = 8mA 


8.0 

7.5 

V 

V 

V" Output Voltage 

Iout = OnA 



-8.0 


V 


Iout = ~8mA 



-7.0 


V 

Supply Rise Time 

Shutdown to Turn-On 


0.2 ! 

ms 

Power Supply 

Vqc Supply Current 

No Load (Note 2) 

• 


0.22 

0.5 

mA 

Supply Leakage Current (Vqc) 

Shutdown (Note 3) 

• 


35 

50 

pA 

Digital Input Threshold Low 


• 


1.4 

0.8 

V 

Digital Input Threshold High 


• 

2.0 

1.4 


V 

RC CHARACTCRISTICS Vcc = 5V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R L = 3k, C L = 51 pF 



8 

30 

V/ps 


R L = 3k, C L = 2500pF 


3 

5 


V/ps 

Driver Propagation Delay 

tHLD (Figure 1) 

• 


2 

3.5 

ps 

(TTL to RS232) 

t LHD (Figure 1) 

• 


2 

3.5 

ps 

Receiver Propagation Delay 

tHLR (Figure 2) 

• 


0.3 

0.8 

ps 

(RS232 to TTL) 

t LHR (Figure 2) 

• 


0.3 

0.8 

ps 


The • denotes specifications which apply over the operating temperature 
range of 0°C < Ta < 70°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: Supply current is measured with driver and receiver outputs 
unloaded. 

Note 3: Measurements made in the Shutdown mode are performed 
with Vqn/off = OV. 


TVPICRl PCRFORmRRCC CHARACTERISTICS 


Driver Output Voltage 
vs Temperature 


Receiver Input Thresholds 

vs Temperature Supply Current vs Data Rate 
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LEAKAGE CURRENT (jiA) SUPPLY CURRENT (mA) 


LTC1384 

TYPICAL P€RFORfnnnC€ CHRRRCT€RISTICS 


V cc Supply Current 
vs Temperature 
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vs Temperature 
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Driver Leakage in Shutdown 
vs Temperature 
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Receiver Short-Circuit Current 
vs Temperature 
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Receiver Output Waveforms 
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LTC1384 


pm Funaions 

Vcc: 5 V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in the Shutdown mode independent of 
the EN pin. The supply current of the device drops to 35pA 
(two receivers alive) and both driver outputs are forced 
into three-state. 

EN: TTL/CMOS Compatible Receiver Enable Pin. A logic 
high forces the receiver outputs into three-state. A logic 
low enables the receiver outputs. 

V + : Positive Supply Output (RS232 Drivers). V + = 2Vcc - 
2V. This pin requires an external capacitor C = 0.1 jliF for 
charge storage. The capacitor may be tied to ground or 
Vcc- With multiple devices, the V + and V - pins may share 
a common capacitor. For large numbers of devices, in- 
creasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 

V": Negative Supply Output (RS232 Drivers) . V "=- (2Vcc 
-2V). This pin requires an external capacitor C = O.lpFfor 
charge storage. 


C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1 pF: one from 
C1 + to Cl" and another from C2 + to C2". To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 2i2. 

TR IN: RS232 Driver Input Pins. Inputs are TTL/CMOS 
compatible. The inputs of unused drivers can be left 
unconnected since 300k input pull-up resistors to Vcc are 
included on chip. To minimize power consumption, the 
internal driver pull-up resistors are disconnected from Vcc 
in the Shutdown mode. 

TR OUT: Driver Outputs at RS232 Voltage Levels. Outputs 
are in a high impedance state when in the Shutdown or Vcc 
= 0V. The driver outputs are protected against ESD to 
±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins can be forced to ±25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. A logic high at EN puts the outputs into three-state. 
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Figure 1 . Driver Propagation Delay Timing 


Figure 2. Receiver Propagation Delay Timing 
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LTC1384 


T€ST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 


DRIVER 

INPUT 
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ESD Test Circuit 
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LTC1385 


3.3V Low Power 
EIA/TIA-562 Transceiver 


FCRTUIteS 

■ Operates from a Single 3.3V Supply 

■ Low Supply Current: l C c = 200 {jA 

■ Ice = 35juA in Driver Disable Mode 

■ Ice = 0.2uA in Shutdown Mode 

■ ESD Protection Over ±10kV 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 1 20kBaud 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ EIA/TIA-562 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Pin Compatible with LT1180A 

RPPUCRTIOnS 

■ Notebook Computers 

■ Palmtop Computers 


DCSCRIPTIOn 

The LTC1385 is an ultra-low power, 2-driver/2-receiver 
EIA/TIA-562 transceiver which operates from a single 
3.3 V supply. The charge pump requires only four space- 
saving 0.1 pF capacitors. 

The transceiver operates in one of three modes: Normal, 
Driver Disable or Shutdown. In the Normal mode, Ice is 
only 200pA in the unloaded condition. In the Driver Disable 
mode, the charge pump is turned off, the driver outputs 
are forced into three-state, both receivers are kept active, 
and Ice drops to 35pA. In the Shutdown mode, everything 
is turned off and Ice drops to 0.2pA. 

The LTC1385 is fully compliant with all data rate and 
overvoltage EIA/TIA-562 specifications. The transceiver 
can operate up to 120kbaud with a lOOOpF, 3kQ load. 
Both driver outputs and receiver inputs can be forced to 
+25 V without damage, and can survive multiple ±10kV 
ESD strikes. 


TVPicni RppucOTion 


2-Drivers/2-Receivers with Shutdown 
and Driver Disable 



Quiescent and Shutdown Supply Current 
vs Temperature 



LTC1385-TA02 


rrunm 

TECHNOLOGY 


5-145 






LTC1385 


absoiutc mnximum RivrinGs 

Supply Voltage (Vcc) 5 V 

Input Voltage 

Driver -0.3V to Vcc + 0.3V 

Receiver -25V to 25V 

Digital Input -0.3V to Vcc + 0.3V 

Output Voltage 

Driver -25V to 25V 

Receiver -0.3V to Vcc + 0.3V 


Short-Circuit Duration 

V + 30 sec 

V' 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGC/ORDCR MFORRIATIOn 


TOP VIEW 


driver n- 

DISABLE LL 

C7 

20] ON/OFF 

C1 + \T 


TTJ vcc 

V + |T 


l|] GND 

cr [T 


13 TR1 OUT 

C2 + |T 


H RX1 IN 

C2“ [T 


15] RX1 OUT 

v-E 


TJ] TR1 IN 

TR2 OUT [T 


H TR2 IN 

RX2IN [T 


l3 RX2 OUT 

nc Qo 


3] NC 


G PACKAGE 
20-LEAD SSOP 

TjMAX = 1 25°C, 0 JA = 1 35°C/W 


ORDER PART 
NUMBER 


LTC1385CG 


driver nr 

DISABLE Ll 
C1 + QT 
V + \J 

cr U 

C2 + [T 
C2 _ \± 

v-H 

TR2 OUT [IT 
RX2 IN \± 


TOP VIEW 




30 ON/OFF 

13 Vcc 

16] GND 
H] TR1 OUT 
14] RX1 IN 
13] RX1 OUT 
lU TR1 IN 
Tj] TR2 IN 
To] RX 2 OUT 


N PACKAGE S PACKAGE 

8-LEAD PLASTIC DIP 18-LEAD PLASTIC SOL 

Tjmax = 125°C,ej A = 85 0 C/W 


ORDER PART 
NUMBER 


LTC1385CN 

LTCT385CS 


Consult factory for Industrial and Military grade parts. 


DC eiCCTRICAl CHRRRCTCRISTICS 

Vcc = 3.3V, Cl = C2 = C3 = C4 = O.ljnF, V on/ off = Vcc. Driver Disable = V C c, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Any Driver 

Output Voltage Swing 

3k to GND Positive 

• 

3.7 4.5 

V 


Negative 

• 

-3.7 -4.5 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 


1.4 0.8 

V 


Input High Level (Vout = Low) 


2.0 1.4 

V 

Logic Input Current 

Vin = Vcc 

• 

5 

pA 


V|n = ov 

• 

-20 -40 

pA 

Output Short-Circuit Current 

V OU T = 0V 


±10 

mA 

Output Leakage Current 

Shutdown or Driver Disable or V C c = 0V (Note 3,4), 

• 

±10 ±500 

mA 


V O ut = ±20V 
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LTC1385 


DC €l€CTRICRl CHRRRCTCRISTICS 


Vcc = 3.3V, Cl = C2 = C3 = C4 = O.lpF, Von/off = Vcc, Driver Disable = Vcc, unless otherwise noted. 


PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 

1.3 


V 


Input High Threshold 

• 


1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 

-10V < V||M < 10V 


3 

5 

7 

kQ 

Output Voltage 

Output Low, Iqut = -1.6mA (V C c = 3.3 V) 

• 


0.2 

0.4 

V 


Output High, I 0U t = 160(oA (V C c = 3.3V) 

• 

3.0 

3.2 


V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-5 

-20 


mA 


Sourcing Current, Vout = 0V 


2 

7 


mA 

Output Leakage Current 

Shutdown (Note 4), OV < Vqut ^ v cc 

• 

1 10 

pA 

Power Supply Generator 

V + Output Voltage 

l0UT = 

0mA 



5.7 


V 


■out = 

5mA 



5.5 


V 

V - Output Voltage 

l0UT = 

0mA 



-5.3 


V 


■out = 

-5mA 



-5.0 


V 

Supply Rise Time 

Shutdown or Driver Disable to Turn-On 


0.2 

ms 

Power Supply 

Vcc Supply Current 

No Load (Note 2) 

• 


0.2 

0.5 

mA 

Supply Leakage Current (V C c) 

Shutdown (Note 4) 

• 


0.2 

10 

pA 


Driver Disable (Note 3) 

• 


35 

50 

pA 

Digital Input Threshold Low 


• 


1.4 

0.8 

V 

Digital Input Threshold High 


• 

2.0 

1.4 


V 

RC CHARACTERISTICS 

V C c = 3.3V, Cl = C2 = C3 = C4 = O.lpF, unless otherwise noted. 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 


R l = 3k, C L = 51 pF 



8 

30 

V/ps 



R L = 3k, C L = lOOOpF 


3 

5 


V/ps 

Driver Propagation Delay 


tHLD (Figure 1) 

• 


2 

3.5 

ps 

(TTL to EIA/TIA-562) 


t L HD (Figure 1) 

• 


2 

3.5 

ps 

Receiver Propagation Delay 


t H LR (Figure 2) 

• 


0.3 

0.8 

ps 

(EIA/TIA-562 to TTL) 


t LH R (Figure 2) 

• 


0.2 

0.8 

ps 


The • denotes specifications which apply over the operating temperature 
range 0°C<T A <70°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Supply current is measured with driver and receiver outputs 
unloaded. 


Note 3: Measurements made in the Driver Disable mode are performed 
with Vdriver disable = GND and Vqn/off = Vcc- 
Note 4: Measurements made in the Shutdown mode are performed with 
Von/off = OV. 
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LTC1385 


TYPICAL PCRFORmnnCC CHRRRCT€RISTICS 

Receiver input Thresholds 


Driver Output Voltage 
vs Temperature 
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LTC1385 


pm Funcnons 

Voq: 3.3V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in the Shutdown mode independent 
of the Driver Disable pin. The supply current drops to 
0.2pA and all driver and receiver outputs are forced into 
three-state. 

DRIVER DjSABLE: TTL/CMOS Compatible Input Pin. With 
the ON/OFF pin held high, a logic low forces the part into 
the Driver Disable mode with the charge pump turned off 
and the driver outputs forced into three-state. Both receiv- 
ers remain active and the supply current drops to 35pA. A 
logic high forces the part into the Normal mode. 

V + : Positive Supply Output (EIA/TIA-562 Drivers). 
V + = 2Vcc - IV. This pin requires an external capacitor 
C = 0.1 pF for charge storage. The capacitor may be tied 
to ground or Vcc- With multiple devices, the V + and V" 
pins may share a common capacitor. For a large number 
of devices, increasing the size of the shared common 
storage capacitors is recommended to reduce ripple. 

V - : Negative Supply Output (EIA/TIA-562 Drivers). 
V“ = -(2Vcc - 1.3V). This pin requires an external 
capacitor C = 0.1 pF for charge storage. 


C1 + , Cl", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C = O.lpF: one from 
C1 + to Cl", and another from C2 + to C2~. To maintain 
charge pump efficiency, the capacitor’s effective series 
resistance should be less than 2fi. 

TR IN: EIA/TIA-562 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. The inputs of unused drivers can be left 
unconnected since 300k input pull-up resistors to Vcc are 
included on chip. To minimize power consumption, the 
internal driver pull-up resistors are disconnected from Vcc 
in the Shutdown mode. 

TR OUT: Driver Outputs at EIA/TIA-562 Voltage Levels. 
Outputs are in a high impedance state when in the Shut- 
down or Driver Disable mode or Vcc = OV. The driver 
outputs are protected against ESD to ±10kV for human 
body model discharges. 

RX IN: Receiver Inputs. These pins can be forced to ±25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in the 
Shutdown mode. 
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Figure 1 . Driver Propagation Delay Timing 


Figure 2. Receiver Propagation Delay Timing 
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LTC1385 

T€ST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 
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LTC1386 


FCATUACS 

■ Operates from a Single 3.3V Supply 

■ Low Supply Current: Iqc = 200pA 

■ ESD Protection Over ±10kV 

■ Available in 16-Pin SOIC Narrow Package 

■ Uses Small Capacitors: O.IjjF 

■ Operates to 1 20kBaud 

■ Output Overvoltage Does Not Force Current 
Back into Supplies 

■ EIA/TIA562 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Pin Compatible with LT1 181 A 

APPUCATIOAS 

■ Notebook Computers 

■ Palmtop Computers 


3.3V Low Power 
EIA/TIA562 Transceiver 

DCSCMPTIOn 

The LTC1 386 is an ultra-low power 2-d river/2-receiver 
EIA/TIA562 transceiver that operates from a single 
3.3V supply. The charge pump requires only four 
space-saving O.ljaf capacitors. The supply current 
(Ice) °f the transceiver is only 200|jA with driver out- 
puts unloaded. 

The LTC1386 is fully compliant with all data rate and 
overvoltage EIA/TIA562 specifications. The transceiver 
can operate up to 120kbaud with a lOOOpF, 3kQ load. 
Both driver outputs and receiver inputs can be forced to 
±25 V without damage and can survive multiple ±10kV 
ESD strikes. 


TYPICAL APPLICATIOA 



Quiescent Supply Current vs Temperature 
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LTC1386 


absolute mnximum ratirgs 


Supply Voltage (Vqc) 

5V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25 V 

Digital Input 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25V to 25V 

Receiver 

... -0.3V to V cc + 0.3V 

Short-Circuit Duration 

v + 

30 sec 

r 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range .... 

0°C to 70°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKRGE/ORDER IRFORmATIOR 



TOP VIEW 


ORDER PART 
NUMBER 

ci + \T 
v + E 
cr E 

C2 + [T 


16] Vcc 

15] GND 

U\ TR1 OUT 

ID RX1 IN 


LTC1386CN 

LTC1386CS 

C2" E 


ID RX1 OUT 


v E 


H] TR1 IN 


TR2 OUT E 


ID TR2 IN 


RX2IN E 


El RX2 OUT 


N PACKAGE S PACKAGE 

16-LEAD PLASTIC DIP 16-LEAD NARROW 

PLASTIC SOIC 


Tjmax = 
Tjmax = 

125°C, 0 JA = 65°C/W (N) 

125°C, 0 JA = 95°C/W (S) 



Consult factory for Industrial and Military grade parts. 


DC €l€CTRICHl CHARACTERISTICS Vqc = 3.3V, Cl = C2 = C3 = C4 = O.ljnF, unless otherwise noted. 


PARAMETER 

CONDITIONS 


MIN TYP MAX 1 

UNITS 

Any Driver 

Output Voltage Swing 

3k to GND Positive 


3.7 4.5 

V 


Negative 


-3.7 -4.5 

V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 

1.4 0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 1.4 

V 

Logic Input Current 

Vin = Vcc 

• 

5 

pA 


V )N = 0V 

• 

-20 -40 

pA 

Output Short-Circuit Current 

Vqut = 0V 


±10 

mA 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 1.3 

V 


Input High Threshold 

• 

1.7 2.4 

V 

Hysteresis 


• 

0.1 0.4 1 

V 

Input Resistance 

-10V<V| N <10V 


3 5 7 

kQ. 

Output Voltage 

Output Low, Iout = -1.6mA (Vcc = 3.3V) 

• 

0.2 0.4 

V 


Output High, I 0U t = 160|aA (Vcc = 3.3V) 

• 

3.0 3.2 

V 

Output Short-Circuit Current 

Sinking Current, Vqut = Vcc 


-5 -20 

mA 


Sourcing Current, Vqut = GND 


2 7 

mA 

Power Supply Generator 

V + Output Voltage 

Iout = 0mA 


5.7 

V 


Iout = 5mA 


5.5 

V 

V" Output Voltage 

Iout = 0mA 


-5.3 

V 


Iout = ~5mA 


-5.0 

V 

Power Supply 

Vcc Supply Current 

No Load (Note 2) 

nr 

| 0.2 0.5 

mA 
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LTC1386 


RC CHARACTERISTICS Vcc = 3.3V, Cl = C2 = C3 = C4 = Q.lpF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R L = 3k, C L = 51 pF 



8 

30 

V/ps 


R L = 3k, C L = lOOOpF 


3 

5 


V/ps 

Driver Propagation Delay 

tHLD (Figure 1) 

• 


2 

3.5 

ps 

(TTL to EIA/TIA562) 

turn (Figure 1) 

• 


2 

3.5 

ps 

Receiver Propagation Delay 

t HL R (Figure 2) 

• 


0.3 

0.8 

ps 

(EIA/TIA562 to TTL) 

t LH R (Figure 2) 

• 


0.3 

0.8 

ps 


The • denotes specifications which apply over the operating temperature Note 2: Supply current is measured with driver and receiver outputs 
range of 0 °C<Ta< 70°C. unloaded. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


TVPICRL P€RFOfimnnC€ CHARACTERISTICS 
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Receiver Input Thresholds 
vs Temperature 
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LTC1386 • TPC01 


Vcc Supply Current 
vs Temperature 


Driver Output Waveforms 



TEMPERATURE (°C) 


LTC1386 • TPC04 


Supply Current vs Data Rate 



Receiver Output Waveforms 


RECEIVER 
OUTPUT 
C L = 51 pF 


INPUT 
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xtu mm 


5-153 











LTC1386 


pm Funcnons 

Vcc: 3.3V Input Supply Pin. This pin should be decoupled 
with a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

V + : Positive Supply Output (EIA/TIA562 Drivers). V + = 
2Vcc - IV. This pin requires an external capacitor C = 
0.1 pF for charge storage. The capacitor may be tied to 
ground or Vcc- With multiple devices, the V + and V~ pins 
may share a common capacitor. For large numbers of 
devices, increasing the size of the shared common storage 
capacitors is recommended to reduce ripple. 

V": Negative Supply Output (RS232 Drivers). V - =- (2Vcc 
- 1 ,3V). This pin requires an external capacitor C = 0.1 pF 
for charge storage. 

C1 + , Cl - , C2 + , C2 - : Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1 pF: one from 
C1 + to Cl - and another from C2 + to C2 _ . To maintain 


charge pump efficiency, the capacitor’s effective series 
resistance should be less than 2Q. 

TR IN: EIA/TIA562 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. The inputs of unused drivers can be left 
unconnected since 300k input pull-up resistors to Vcc are 
included on chip. 

TR OUT: Driver Outputs at EIA/TIA562 Voltage Levels. 
The driver outputs are protected against ESD to ±1 OkV for 
human body model discharges. 

RX IN: Receiver Inputs. These pins can be forced to +25V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage 
Levels. 


SUJITCHinG Time UJlWCFORmS 


DRIVER \ 

INPUT 1.4 V> 

DRIVER 

OUTPUT 

It 1-4V3| 

/ VCC RX ' 

f ov INPUT 

L-1.7V 

\ 1-3VJ 

j Vcc 

' 

, U+ 

n 



ov RX 

|V Y - OUTPUT 

_j4.8V 

Y 2.4V VCC 

^ — ov 

tHLR 

LTC1386-F02 

IlHD 

rU- 

tHLD U- ^LHR -► 

LTC1386* F01 
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Figure 1 . Driver Propagation Delay Timing Figure 2. Receiver Propagation Delay Timing 
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LTC1386 


T€ST CIRCUITS 


Driver Timing Test Load 


Receiver Timing Test Load 


DRIVER 

INPUT 



LTC1386* TA03 



LTC1 386 * TA04 


ESD Test Circuit 
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LTC1386 


typical nppucnnons 


Paralleling Power Supply Generator 
with Common Storage Capacitors 
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SECTION 5— INTERFACE 
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LTC1485, Differential Bus Transceiver 5-166 
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rr\rm LTC488/LTC489 

TECHNOLOGY Quad RS485 Line Receiver 


features 

■ Low Power: Icc = 7mA Typ. 

■ Designed for RS485 or RS422 Applications 

■ Single 5V Supply 

■ -7V to 12V Bus Common Mode Range Permits ±7V 
Ground Difference Between Devices on the Bus 

■ 60mV Typical Input Hysteresis 

■ Receiver Maintains High Impedance in Three-State or 
with the Power Off 

■ 28ns Typical Receiver Propagation Delay 

■ Pin Compatible with the SN75173 (LTC488) 

■ Pin Compatible with the SN75175 (LTC489) 

rppucrtiors 

■ Low Power RS485/RS422 Receivers 

■ Level Translator 


DESCRIPTOR 

The LTC488 and LTC489 are low power differential bus/ 
line receivers designed for multipoint data transmission 
standard RS485 applications with extended common mode 
range (12V to -7 V). They also meet the requirements of 
RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The receiverfeatures three-state outputs, with the receiver 
output maintaining high impedance over the entire com- 
mon mode range. 

The receiver has a fail-safe feature which guarantees a 
high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed 4.75V to 
5.25V supply voltage range. 


TVPicm applicator 



DRIVER 
1/4 LTC487 


Y rX XXX 


4000 FT 24 GAUGE TWISTED PAIR 



RECEIVER^. 3 _ 
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LTC488/LTC489 


MisoiuTc maximum rrtirgs ( No.ei) 


Supply Voltage (Vcc) 12V 

Control Input Currents - 25mA to 25mA 

Control Input Voltages -0.5V to Vcc + 0.5V 

Receiver Input Voltages ±14V 

Receiver Output Voltages -0.5V to Vcc + 0.5V 


Operating Temperature Range 

LTC488C/LTC489C 0°C to 70°C 

LTC488I/LTC489I -40°Cto85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


prckrgc/ordcr inFoammion 


TOP VIEW 



16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

Tjmax = 150°C, 0 JA = 70°C/W (N PKG) 
Tjmax = 150°C, 9ja = 90°C/W (S PKG) 


ORDER PART 
NUMBER 


LTC488CN 

LTC488CS 

LTC488IN 

LTC488IS 


TOP VIEW 



16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 
Tjmax = 150°C, 0 JA = 70°C/W (N PKG) 
Tjmax = 15O°C,0ja = 9O°C/W{S PKG) 


ORDER PART 
NUMBER 


LTC489CN 

LTC489CS 

LTC489IN 

LTC489IS 


Consult factory for Military grade parts. 


DC €l€CTRICRl CHRRRCTCRISTICS V C c = 5V ±5% (Notes 2 ,3 and 4), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V||\IH 

Input High Voltage 

EN, EN, EN12, EN34 

• 

2.0 

V 

V|NL 

Input Low Voltage 

EN, EN, EN12, EN34 

• 

0.8 

V 

1 INI 

Input Current 

EN, EN, EN12, EN34 

• 

±2 

PA 

l|N2 

Input Current (A, B) 

V cc = 0V or 5.25V, V| N = 12V 

V C c = 0V or 5.25V, V !N = -7V 

• 

• 

1.0 

-0.8 

mA 

mA 

Vth 

Differential Input Threshold Voltage for Receiver 

-7V<V cm <12V 

• 

-0.2 0.2 

V 

av th 

Receiver Input Hysteresis 

Vcm = 0V 


60 

mV 

VOH 

Receiver Output High Voltage 

l 0 = -4mA, V| D = 0.2V 

• 

3.5 

V 

VOL 

Receiver Output Low Voltage 

l 0 = 4mA, V| D = —0.2V 

• 

0.4 

V 

l0ZR 

Three-State Output Current at Receiver 

V cc = Max 0.4V < V 0 < 2.4V 

• 

±1 

pA 

■cc 

Supply Current 

No Load 

• 

7 10 

mA 

Rin 

Receiver Input Resistance 

-7V < V C m < 12V, V cc = 0V 

• 

12 

kQ 

IoSR 

Receiver Short-Circuit Current 

ov<v 0 <v cc 

• 

7 85 

mA 

tpLH 

Receiver Input to Output 

Cl = 15pF (Figures 1,3) 

• 

12 28 55 

ns 

tpHL 

Receiver Input to Output 

Cl = 1 5pF (Figures 1, 3) 

• 

12 28 55 

ns 

tSKD 

■ tpLH - tpHL 1 

Differential Receiver Skew 

Cl = 15pF (Figures 1, 3) 


4 

ns 
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LTC488/LTC489 


DC €l€CTRICAl CHARACTERISTICS Vcc = 5V ± 5% (Notes 2 and 3), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

tZL 

Receiver Enable to Output Low 

Cl = 15pF (Figures 2, 4) SI Closed 

• 


30 

60 

ns 

tZH 

Receiver Enable to Output High 

Cl = 15pF (Figures 2, 4) S2 Closed 

• 


30 

60 

ns 

tLZ 

Receiver Disable from Low 

Cl = 15pF (Figures 2, 4) SI Closed 

• 


30 

60 

ns 

tHZ 

Receiver Disable from High 

Cl = 15pF (Figures 2, 4) S2 Closed 

• 


30 

60 

ns 


The • denotes specifications which apply over the operating temperature Note 3: All typicals are given for Vcc = 5V and Ta = 25°C. 
ran 9 e - Note 4: The LTC488 is guaranteed by design to be functional over a supply 

Note 1: “Absolute Maximum Ratings” are those beyond which the safety voltage range of 5 V ±10%. Data sheet parameters are guaranteed over the 
of the device cannot be guaranteed. tested supply voltage range of 5 V ±5%. 

Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 


TVPICAl P€RFORmRRC€ CHARACTERISTICS 


Receiver Output Low Voltage vs Receiver Output High Voltage vs Receiver Output High Voltage vs 

Temperature at I = 8mA Temperature at I = 8mA Output Current at T A = 25°C 



-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 5 4 3 2 

TEMPERATURE (°C) TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


Receiver Output Low Voltage vs TTL Input Threshold vs Receiver I t PL H - tpm I vs 

Output Current at T A = 25°C Temperature Temperature 



i 1.0 1.5 

2.0 

-50 -25 0 25 50 75 100 125 

-50 -25 0 25 50 7! 

OUTPUT VOLTAGE (V) 


TEMPERATURE (°C) 

TEMPERATURE (°C) 


488 G04 

488 G05 
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typical PCRFonmnncc characteristics 

Supply Current vs Temperature 


7.0 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LTC488/LTC489 


pin FuncTions 

PIN 1 (B1) Receiver 1 input. 

PIN 2 (A1) Receiver 1 input. 

PIN 3 (R01) Receiver 1 output. If the receiver output is 
enabled, then if A > B by 200mV, R01 will be high. If A 
< B by 200mV, then R01 will be low. 

PIN 4 (EN)(LTC488) Receiver output enabled. See 
Function Table for details. 

PIN 4 (EN12)(LTC489) Receiver 1, Receiver 2 output 
enabled. See Function Table for details. 

PIN 5 (R02) Receiver 2 output. Refer to R01 . 

PIN 6 (A2) Receiver 2 input. 

PIN 7 (B2) Receiver 2 input. 

PIN 8 (GND) Ground connection. 


PIN 9 (B3) Receiver 3 input. 

PIN 10 (A3) Receiver 3 input. 

PIN 11 (R03) Receiver 3 output. Refer to R01. 

PIN 12 (EN)(LTC488) Receiver output disabled. See 
Function Table for details. 

PIN 12 (EN34)(LTC489) Receiver 3, Receiver 4 output 
enabled. See Function Table for details. 

PIN 13 (R04) Receiver 4 output. Refer to R01. 

PIN 14 (A4) Receiver 4 input. 

PIN 15 (B4) Receiver 4 input. 

PIN 16 (V cc ) Positive Supply; 4.75V < V cc < 5.25V 


FURCTIOR TABLES 


LTC488 LTC489 


DIFFERENTIAL 

ENABLES 

OUTPUT DIFFERENTIAL 

ENABLES 

OUTPUT 

A-B 

EN EN 

R0 A-B 

EN12 or EN34 

RO 

V| D > 0.2V 

H X 

X L 

H V| D > 0.2V 

H 

H 

H -0.2V <V| D < 0.2V 

H 

? 

-0.2V <V| D < 0.2V 

H X 

X L 


■ V ID £0.2V 

H 

L 


L 

Z 

V| D < 0.2V 

H X 

X L 

L X 

L H: High Level 

?: Indeterminate 

Z: High Impedance (Off) 

X 

L H 

z L: Low Level 

V. I--,, 
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LTC488/LTC489 

T€ST CIRCUITS 



Figure 1 . Receiver Timing Test Circuit Figure 2. Receiver Enable and Disable Timing Test Circuit 

Note: The input pulse is supplied by a generator having the following characteristics: 
f = 1MHz, Duty Cycle = 50%, t r < 10ns, tf < 10ns, Zqut = 50Q 


suiitchidg Time wnvcFORms 


INPUT 



Figure 4. Receiver Enable and Disable Times 


APPUCRTIOnS IRFORmATIOn 



Figure 5. Typical Connection 
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LTC488/LTC489 


nppucnnons mponmnnon 

Typical Application 

A typical connection of the LTC488/LTC489 is shown in 
Figure 5. Two twisted-pair wires connect up to 32 driver/ 
receiver pairs for half-duplex data transmission. There are 
no restrictions on where the chips are connected to the 
wires, and it isn’t necessary to have the chips connected 
at the ends. However, the wires must be terminated only 
at the ends with a resistor equal to their characteristic 
impedance, typically 120n. The input impedance of a 
receiver is typically 20k to GND, or 0.5 unit RS485 load, so 
in practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted-pair 
help reduce unwanted noise, and are connected to GND at 
one end. 

Cables and Data Rate 

The transmission line of choice for RS485 applications is 
a twisted-pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight-pairs, but these are 
less flexible, more bulky, and more costly than twisted- 
pairs. Many cable manufacturers offer a broad range of 
1 200 cables designed for RS485 applications. 

Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage, and 
AC losses in the dielectric. In good polyethylene cable 
such as the Belden 9841 , the conductor losses and dielec- 
tric losses are of the same order of magnitude, leading to 
relatively low overall loss (Figure 6). 



0.1 1 10 100 
FREQUENCY (MHz) 

488/9 m 

Figure 6. Attenuation vs Frequency for Belden 9841 


When using low loss cables, Figure 7 can be used as a 
guidelineforchoosing the maximum line lengthforagiven 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted-pairs have 
terrible losses at high data rates (> 100kbps), and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 



DATA RATE (bps) 


Figure 7. Cable Length vs Data Rate 
Cable Termination 

The propertermination of the cable is very important. If the 
cable is not terminated with its characteristic impedance, 
distorted waveforms will result. In severe cases, distorted 
(false) data and nulls will occur. A quick look at the output 
of the driver will tell how well the cable is terminated. It is 
best to look at a driver connected to the end of the cable, 
since this eliminates the possibility of getting reflections 
from two directions. Simply lookatthe driver output while 
transmitting square wave data. If the cable is terminated 
properly, the waveform will look like a square wave 
(Figure 8). 

If the cable is loaded excessively (47L2), the signal initially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and is 
reflected back out of phase because of the mistermination. 
When the reflected signal returns to the driver, the ampli- 
tude will be lowered. The width of the pedestal is equal to 
twice the electrical length of the cable (about 1 ,5ns/foot). 
If the cable is lightly loaded (470L2), the signal reflects in 
phase and increases the amplitude at the drive output. An 
input frequency of 30kHz is adequate for tests out to 4000 
ft. of cable. 
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nppucOTions mFonmnnon 


PROBE HERE 



Figure 8. Termination Effects 
AC Cable Termination 

Cable termination resistors are necessary to prevent un- 
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2V when the 
cable is terminated with two 120n resistors, causing 
33mA of DC current to flow in the cable when no data is 
being sent. This DC current is about 60 times greater than 
the supply current of the LTC488/LTC489. One way to 
eliminate the unwanted current is by AC coupling the 
termination resistors as shown in Figure 9. 



Figure 9. AC Coupled Termination 


The coupling capacitor must allow high frequency energy 
to flow to the termination, but block DC and low frequen- 
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
of the coupling capacitor should therefore be set at 1 6.3pF 
perfoot of cable length for 1 20£2 cables. With the coupling 
capacitors in place, power is consumed only on the signal 


edges, and not when the driver output is idling at a 1 or 0 
state. A 1 0OnF capacitor is adequate for lines up to 4000 
ft. in length. Be aware that the power savings start to 
decrease once the data rate surpasses 1/(1200 x C). 

Receiver Open-Circuit Fail-Safe 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and all drivers on the 
line are forced in three-state. The receiver of the LTC488/ 
LTC489 has a fail-safe feature which guarantees the out- 
put to be in a logic 1 state when the receiver inputs are left 
floating (open-circuit). However, when the cable is termi- 
nated with 1 200, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 60mV of hysteresis, the receiver output will 
maintain the last data bit received. If the receiver output 
must be forced to a known state, the circuits of Figure 10 
can be used. 

The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, in this 


5V 
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LTC488/LTC489 


nppucOTions mFORmnnon 

case a logic 0. The first method consumes about 208mW 
and the second about 8mW. The lowest power solution is 
to use an AC termination with a pullup resistor. Simply 
swap the receiver inputs for data protocols ending in 
logic 1. 

Fault Protection 

All of LTC’s RS485 products are protected against ESD 
transients up to 2kV using the human body model (1 OOpF, 
1 ,5k). However, some applications need more protection. 
The best protection method is to connect a bidirectional 
TransZorb from each line side pin to ground (Figure 11). 

A T ransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 


General instruments, GSI, and come in a variety of break- 
down voltages and prices. Be sure to pick a breakdown 
voltage higher than the common mode voltage required 
for your application (typically 12V). Also, don’t forget to 
check how much the added parasitic capacitance will load 
down the bus. 



Figure 11 . ESD Protection with TransZorbs® 


TransZorb is a registered trademark of General Instruments, GSI 


TVPICfll nppucOTions 


RS232 Receiver 
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LTC1485 


F€nTUR€S 

■ Low Power: Ice = 1 -8mA Typ. 

■ 28ns Typical Driver Propagation Delays with 4ns 
Skew 

■ Designed for RS485 or RS422 Applications 

■ Single 5V Supply 

■ -7Vto 12V Bus Common Mode Range Permits ±7V 
Ground Difference Between Devices on the Bus 

■ Thermal Shutdown Protection 

■ Power-Up/Down Glitch-Free Driver Outputs 

■ Driver Maintains High Impedance in Three-State or 
with the Power Off 

■ Combined Impedance of a Driver Output and 
Receiver Allows up to 32 Transceivers on the Bus 

■ 60mV Typical Input Hysteresis 

■ Pin-Compatible with the SN75176A, DS75176A, and 
SN75LBC176 

nppucOTions 


Differential Bus Transceiver 


DCSCMPTIOn 

The LTC1485 is a low power differential bus/line trans- 
ceiver designed for multipoint data transmission standard 
RS485 applications with extended common mode range 
(12V to -7 V). It also meets the requirements of RS422. 

The CMOS with Schottky design offers significant power 
savings over its bipolar counterpart without sacrificing 
ruggedness against overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail-safe feature which guarantees a 
high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from - 40°C 
to 85°C and 4.75V to 5.25V supply voltage range. 


■ Low Power RS485/RS422 Transceiver 

■ Level Translator 


TVPICfll flPPUCOTIOn 
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LTC1485 


absolute maximum ratirgs 

(Note 1 ) 


Supply Voltage (Vcc) 12V 

Control Input Voltages -0.5V to Vcc + 0.5V 

Control Input Currents - 50mA to 50mA 

Driver Input Voltages -0.5V to Vcc + 0.5V 

Driver Input Currents -25mA to 25mA 

Driver Output Voltages ±14V 

Receiver Input Voltages ±1 4V 

Receiver Output Voltages -0.5V to Vcc + 0.5 V 

Operating Temperature Range 


LTC1485C 0 C to 70 "C 

LTC1485I -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER lAFORmATlOA 


TOP VIEW 



N8 PACKAGE S8 PACKAGE 

1-LEAO PLASTIC DIP 8-LEAD PLASTIC SOIC 


Tjmax = XXX°C, 0ja = XXX°C/W (N8) 
Tjmax = XXX”C, e JA = XXX” C/W (S8) 


ORDER PART 
NUMBER 


LTC1485CN8 

LTC1485IN8 

LTC1485CS8 

LTC1485IS8 


S8 PART MARKING 


1485 

14851 


Consult factory for Military grade parts. 


DC ELECTRICAL CHARACTERISTICS 

Vcc = 5V ±5% (Notes 2 and 3), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

VODI 

Differential Driver Output Voltage (Unloaded) 

l 0 = 0 

• 

5 V 


V0D2 

Differential Driver Output Voltage (With Load) 

R = 50Q; (RS422) 

R = 270; (RS485) (Figure 1) 

• 

2 

1.5 5 

V 

V 

AVod 

Change in Magnitude of Driver Differential 

Output Voltage for Complementary Output States 

R = 27Q or R = 50£2 (Figure 1) 

• 

0.2 

V 

Voc 

Driver Common Mode Output Voltage 

R = 27Qor R = 50£2 (Figure 1) 

• 

3 

V 

AIV 0C I 

Change in Magnitude of Driver Common Mode 

Output Voltage for Complementary Output States 

R = 27£2orR = 50Q (Figure 1) 


0.2 

V 

V|NH 

Input High Voltage 

Dl.DE, RE 

• 

2.0 

V 

V|NL 

Input Low Voltage 

Dl, DE, RE 

• 

0.8 

V 

l|N1 

Input Current 

Dl.DE, RE 


±2 

pA 

l|N2 

Input Current (A, B) 

V cc = 0V or 5.25V, V| N = 12V 

V cc = 0V or 5.25V, V tN = -7V 

• 

• 

1.0 

-0.8 

mA 

mA 

Vth 

Differential Input Threshold Voltage for Receiver 

-7V<V cm <12V 

• 

-0.2 0.2 

V 

AV th 

Receiver Input Hysteresis 

£ 

n 

• 

60 

mV 

V OH 

Receiver Output High Voltage 

l 0 = -4mA, V iD = 0.2V 

• 

3.5 

V 

VOL 

Receiver Output Low Voltage 

l 0 = 4mA, V| D = -0.2V 

• 

0.4 

V 

•OZR 

Three-State Output Current at Receiver 

V cc = Max 0.4V < V 0 < 2.4V 

• 

±1 

MA 

>cc 

Supply Current 

No Load; Dl = GND or Vcc 

Outputs Enabled 

Outputs Disabled 

• 

• 

1.8 2.3 

1.7 2.3 

mA 

mA 

Rin 

Receiver Input Resistance 

-7V<V cm <12V 

• 

12 

kft 

l0SD1 

Driver Short-Circuit Current, Vout = High 

V 0 = -7V 

• 

250 

mA 

>0SD2 

Driver Short-Circuit Current, Vout = Low 

V 0 = 10V 

• 

250 

mA 

l0SR 

Receiver Short-Circuit Current 

OV < Vq < Vcc 

• 

7 85 

mA 
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SUIITCHinO CHARACTERISTICS 

Vqc = 5V ± 5% (Notes 2 and 3), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

tpLH 

Driver Input to Output 

Rdiff = 54Q, C L1 = C|_2 = 100pF 
(Figures 2 and 5) 

• 

10 

30 

50 

ns 

tpHL 

Driver Input to Output 

Rdiff = 54fi, Cli = Cl 2 = 1 0OpF 
(Figures 2 and 5) 

• 

10 

30 

50 

ns 

tSKEW 

Driver Output to Output 

Rdiff = 54q, Cli = Cl 2 = lOOpF 
(Figures 2 and 5) 

• 


4 

10 

ns 

tr. tf 

Driver Rise or Fall Time 

Rdiff = 540, C|_^ = Cl 2 = 1 0OpF 
(Figures 2 and 5) 

• 

5 

15 

25 

ns 

tZH 

Driver Enable to Output High 

Cl = lOOpF (Figures 4 and 6) S2 Closed 

• 


40 

70 

ns 

tzL 

Driver Enable to Output Low 

Cl = lOOpF (Figures 4 and 6) SI Closed 

• 


40 

70 

ns 

tLZ 

Driver Disable Time from Low 

Cl = 15pF (Figures 4 and 6) SI Closed 

• 


40 

70 

ns 

tHZ 

Driver Disable Time from High 

Cl = 1 5pF (Figures 4 and 6) S2 Closed 

• 


40 

70 

ns 

fpLH 

Receiver Input to Output 

Rdiff = 540, Cli = Cl 2 = 1 0OpF (Figures 2 and 7) 

• 

15 

25 

50 

ns 

tpHL 

Receiver Input to Output 

Rdiff = 540, Cli = Cl 2 = lOOpF (Figures 2 and 7) 

• 

20 

30 

55 

ns 

tSKEW 

1 tpLH - tpHL 1 

Differential Receiver Skew 

Rdiff = 540, Cli = Cl 2 = 1 0OpF (Figures 2 and 7) 

• 


5 

15 

ns 

tzL 

Receiver Enable to Output Low 

Cl = 15pF (Figures 3 and 8) SI Closed 

• 


30 

45 

ns 

tZH 

Receiver Enable to Output High 

Cl = 1 5pF (Figures 3 and 8) S2 Closed 

• 


30 

45 

ns 

tLZ 

Receiver Disable from Low 

Cl = 1 5pF (Figures 3 and 8) SI Closed 

• 


30 

45 

ns 

tHZ 

Receiver Disable from High 

Cl = 1 5pF (Figures 3 and 8) S2 Closed 

• 


30 

45 

ns 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: “Absolute Maximum Ratings” are those beyond which the safety 
of the device cannot be guaranteed. 


Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 

Note 3: All typicals are given for Vcc = 5V and Ta = 25°C. 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Receiver Output Low Voltage vs 
Output Current at Ta = 25°C 



0 0.5 1.0 1.5 2.0 

OUTPUT VOLTAGE (V) 


Receiver Output High Voltage vs 
Output Current at T A = 25°C 



5 4 3 2 

OUTPUT VOLTAGE (V) 


Receiver Output High Voltage vs 
Temperature at I = 8mA 



TEMPERATURE (°C) 


1485 G01 


1485 G03 
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Receiver Output Low Voltage 
vs Temperature at I = 8mA 

0,9 

0.8 


0.7 



o 


0.2 

0.1 

o 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


1485 G01 


Driver Differential Output Voltage 
vs Output Current at T A = 25°C 



0 12 3 4 

OUTPUT VOLTAGE (V) 

1485 G02 


2.4 



1.6 


Driver Output Low Voltage vs 
Output Current at T A = 25°C 



0 I ^ I I I I I I L 

0 12 3 4 


OUTPUT VOLTAGE (V) 


Driver Output High Voltage vs 
Output Current at T A = 25°C 



0 I I I I I I I I L 

0 12 3 4 


OUTPUT VOLTAGE (V) 


1.55 


1485 G05 


Receiver Itp^H - tpHiJ vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Driver Skew vs Temperature 
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Driver Differential Output Voltage 
vs Temperature at R|_ = 54Q 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


1485 603 


TTL Input Threshold vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


1485 606 

Supply Current vs Temperature 


DRIVER ENABLED 



DRIVER DISABLED-j 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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PIN 1 (RO) Receiver Output: If the receiver output is 
enabled (RE low), then if A > B by 200mV, RO will be high. 
If A < B by 200mV, then RO will be low. 

PIN 2 (RE) Receiver Output Enable: A low enables the 
receiver output, RO. A high input forces the receiver 
output into a high impedance state. 

PIN 3 (DE) Driver Output Enable: A high on DE enables the 
driver outputs, A and B. A low input will force the driver 
outputs into a high impedance state. 


PIN 4 (Dl) Driver Input: If the driver outputs are enabled 
(DE high), then a low on Dl forces the driver outputs A low 
and B high. A high on Dl will force A high and B low. 

PIN 5 (GND) Ground Connection 

PIN 6 (A) Driver Output/Receiver Input 

PIN 7 (B) Driver Output/Receiver Input 

PIN 8 (V cc ) Positive Supply; 4.75V < V cc < 5.25V 



Figure 1 . Driver DC Test Load 


Figure 2. Driver/Receiver Timing Test Circuit 



Figure 3. Receiver Timing Test Load 


Figure 4. Driver Timing Test Load 
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1485 F05 


Figure 5. Driver Propagation Delays 



Figure 6. Driver Enable and Disable Times 


INPUT 



1485F07 


Figure 7. Receiver Propagation Delays 
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Figure 8. Receiver Enable and Disable Times 


APPLICATORS mFORfYlRTIOn 

Typical Application 

Atypical connection of the LTC1485 is shown in Figure 9. en ^ s a resistor equal to their characteristic imped- 
Two twisted pair wires connect up to 32 driver/receiver ance > typically 1 20Q. The input impedance of a receiver is 

pairs for half duplex data transmission. There are no typically 20ktoGI\ID, or 0.6 unit RS485 load, so in practice 

restrictions on where the chips are connected to the wires, 5(3 to 60 transceivers can be connected to the same wires, 

and it isn’t necessary to have the chips connected at the The optional shields around the twisted pair help reduce 

ends. However, the wires must be terminated only at the unwanted noise, and are connected to GND at one end. 



Figure 9. Typical Connection 
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Thermal Shutdown 

The LTC1485 has a thermal shutdown feature which 
protects the part from excessive power dissipation. If the 
outputs of the driver are accidentally shorted to a power 
supply or low impedance source, up to 250mA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 
150°C and turns them back on when the temperature 
cools to 130°C. If the outputs of two or more LTC1485 
drivers are shorted directly, the driver outputs can not 
supply enough current to activate the thermal shutdown. 
Thus, the thermal shutdown circuit will not prevent con- 
tention faults when two drivers are active on the bus at the 
same time. 

Cables and Data Rate 

The transmission line of choice for RS485 applications is 
a twisted pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight pairs, but these are 
less flexible, more bulky, and more costly than twisted 
pairs. Many cable manufacturers offer a broad range of 
120Q cables designed for RS485 applications. 

Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage, and 
AC losses in the dielectric. In good polyethylene cables 
such as the Belden 9841 , the conductor losses and dielec- 
tric losses are of the same order of magnitude, leading to 
relatively low overall loss (Figure 10). 

When using low loss cables, Figure 11 can be used as a 
guidelinefor choosing the maximum line length foragiven 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted pairs have 
terrible losses at high data rates (>1 OOkbs), and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 

Cable Termination 

The properterminationofthe cable is very important. If the 
cable is not terminated with its characteristic impedance, 
distorted waveforms will result. In severe cases, distorted 
(false) data and nulls will occur. A quick look at the output 
of the driver will tell how well the cable is terminated. It is 
best to look at a driver connected to the end of the cable, 
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■ 0.1 1 10 100 
FREQUENCY (MHz) 

1485 FIO 

Figure 10. Attenuation vs Frequency for Belden 9481 



10k 100k 1M 2.5M 10M 

DATA RATE (bps) 

Figure 11. Cable Length vs Data Rate 

since this eliminates the possibility of getting reflections 
from two directions. Simply look at the driver output while 
transmitting square wave data. If the cable is terminated 
properly, the waveform will look like a square wave (Figure 
12 ). 

If the cable is loaded excessively (47Q), the signal initially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and is 
reflected back out of phase because of the mistermination. 
When the reflected signal returns to the driver, the ampli- 
tude will be lowered. The width of the pedestal is equal to 
twice the electrical length of the cable (about 1 .5ns/foot). 
If the cable is lightly loaded (470H), the signal reflects in 
phase and increases the amplitude at the driver output. An 
input frequency of 30kHz is adequate for tests out to 4000 
feet of cable. 
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PROBE HERE 



Figure 12. Termination Effects 
AC Cable Termination 

Cable termination resistors are necessary to prevent un- 
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2 V when the 
cable is terminated with two 120Q resistors, causing 
33mA of DC current to flow in the cable when no data is 
being sent. This DC current is about 1 0 times greater than 
the supply current of the LTC1485. One way to eliminate 
the unwanted current is by AC-coupling the termination 
resistors as shown in Figure 13. 



Figure 13. AC-Coupled Termination 


The coupling capacitor must allow high frequency energy 
to flow to the termination, but block DC and low frequen- 
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
of the coupling capacitor should therefore be set at 1 6.3pF 
perfoot of cable length for 1 20Q cables. With the coupling 


capacitors in place, power is consumed only on the signal 
edges, and not when the driver output is idling at a 1 or 0 
state. A 1 0OnF capacitor is adequate for lines up to 400 feet 
in length. Be aware that the power savings start to de- 
crease once the data rate surpasses 1/(120Q x C). 

Receiver Open-Circuit Fail-Safe 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1 ) 
when the data is finished transmitting and all drivers on the 
line are forced into three-state. The receiverof the LTC1 485 
has a fail-safe feature which guarantees the output to be in 
a logic 1 state when the receiver inputs are left floating 
(open-circuit). However, when the cable is terminated 
with 120£2, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 70mV of hysteresis, the receiver output will 
maintain the last data bit received. 

If the receiver output must be forced to a known state, the 
circuits of Figure 14 can be used. 


5V 




5 V 
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The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, in this 
case a logic 0. The first method consumes about 208mW 
and the second about 8mW. The lowest power solution is 
to use an AC termination with a pullup resistor. Simply 
swap the receiver inputs for data protocols ending in 
logic 1. 

Fault Protection 

All of LTC’s RS485 products are protected against ESD 
transients up to 2kV using the human body model (1 OOpF, 
1.5k£2). However, some applications need more protec- 
tion. The best protection method is to connect a bidirec- 
tional T ransZorb from each line side pin to ground (Figure 
15). 

A T ransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 



1485 F15 


Figure 15. ESD Protection with TransZorbs 

time, and low series resistance. They are available from 
General Semiconductor Industries and come in a variety of 
breakdown voltages and prices. Be sure to pick a break- 
down voltage higher than the common mode voltage 
required for your application (typically 12V). Also, don’t 
forget to check how much the added parasitic capacitance 
will load down the bus. 


typical nppiicnnons 


RS232 Receiver 



RS232 to RS485 Level Translator with Hysteresis 

220k 
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SECTION 5— INTERFACE 

AppleTalk® 

LTC131B, Single 5V RS232/RS422/ AppleTalk® Transceiver 13-79 

LTC1320, AppleTalk ® Transceiver 5-178 

LTC1323, Single 5V AppleTalk® Transceiver 13-85 
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F€RTUft€S 

■ Single Chip Provides Complete 
LocalTalk®/AppleTalk® Port 

■ Low Power: Iqc = 1 -2mA Typ 

■ Shutdown Pin Reduces Ice to 30joA Typ 

■ Drivers Maintain High Impedance in Three-State 
or with Power Off 

■ 30ns Driver Propagation Delay Typ 

■ 5ns Driver Skew Typ 

■ Thermal Shutdown Protection 

■ Drivers are Short-Circuit Protected 

flppucfflions 

■ LocalTalk Peripherals 

■ Notebook/Palmtop Computers 

■ Battery-Powered Systems 


LTC1320 
AppleTalk® Transceiver 


DCSCRIPTIOn 

The LTC1320 is an RS422/RS562 line transceiver de- 
signed to operate on LocalTalk networks. It provides one 
differential RS422 driver, one single-ended RS562 driver, 
two single-ended RS562 receivers, and one differential 
RS422 receiver. The LTC1320 draws only 1.2mA quies- 
cent current when active and 30pA in shutdown, making 
it ideal for use in battery-powered devices and other 
systems where power consumption is a primary concern. 

The LTC1 320 drivers are specified to drive ±2V into 1 00£2. 
Additionally, the driver outputs three-state when disabled, 
during shutdown, or when the power is off; they maintain 
high impedance even with output common-mode volt- 
ages beyond the power supply rails. Both the driver 
outputs and receiver inputs are protected against ESD 
damage to beyond 5kV. 

The LTC1320 is available in the 18-pin SOL package. 


AppleTalkand LocalTalk are registered trademarks of Apple Computer, Inc. 


typical nppuennon 


Typical LocalTalk Connection 


Output Waveforms 



DATA IN 


SIGNALS 
ON LINE 


DATA OUT 
(REMOTE 
RECEIVER) 



5V/DIV 


2V/DIV 


2V/DIV 


5V/DIV 


50ns/DIV 
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PACKAGE/ORDER MFORfllRTIOn 


Supply Voltage (Vqd) 7V 

Supply Voltage (Vss) -7 V 

Input Voltage (Logic Inputs) -0.3V to Vpo + 0.3V 

Input Voltage (Receiver Inputs) ±15V 

Driver Output Voltage (Forced) ±1 5V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C ot 70°C 

Storage Temperature Range -65°c to 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 


TOP VIEW 

TXD 
TXI 
TXDEN 
SD 
RXEN 
RXO 
RXO 
RXDO 
GND 

S PACKAGE 
18-LEAD PLASTIC SOL 



ORDER PART 
NUMBER 


LTC1320CS 


Tjmax = 150°C, e JA = 100°C/W 


Consult factory for Industrial and Military grade parts. 


DC €l€CTRICAl CHARACTERISTICS v s = ±sv ±5%, t a = o°c to 70 c (Notes 2, 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

VOD 

Differential Driver Output Voltage 

No Load 

R|_ = 100Q (Figure 1) 

• 

• 

8.0 

2.0 

V 

V 


Change in Magnitude of Driver 

Differential Output Voltage 

R[_ = 100Q (Figure 1) 


0.2 

V 

Voc 

Driver Common-Mode Output Voltage 

Rl = 100Q (Figure 1) 


3 

V 


Output Common-Mode Range 

SD = 5 V or Power Off 

• 

±10 

V 


Single-Ended Driver Output Voltage 

No Load 

R l = 400Q 

• 

• 

±4.0 

±3.4 

V 

V 


Input High Voltage 

All Logic Input Pins 

• 

2.0 

V 


Input Low Voltage 

All Logic Input Pins 

• 

0.8 

V 


Input Current 

All Logic Input Pins 

• 

±1 ±20 

pA 


Three-State Output Current 

SD = 5 V or Power Off, -10V < V 0 < 1 0V 

• 

±2 ±100 

pA 


Driver Short-Circuit Current 

-5V < V 0 < 5V 

• 

35 350 500 

mA 


Receiver Input Resistance 

-7V < Vin < 7V 

• 

12 

kft 

VoH 

Receiver Output High Voltage 

| 0 = -4mA 

• 

3.5 

V 

VOL 

Receiver Output Low Voltage 

Iq = 4mA 

• 

0.4 

V 


Receiver Output Short-Circuit Current 

0V < V 0 < 5V 

• 

7 85 

mA 


Receiver Output Three-State Current 

0V < V 0 < 5V 

• 

±2 ±100 

pA 


Differential Receiver Threshold Voltage 

-7V<V cm <7V 

• 

-200 200 

mV 


Differential Receiver Input Hysteresis 

-7V<V cm <7V 


70 

mV 


Single-Ended Receiver Input Low Voltage 


• 

0.8 

V 


Single-Ended Receiver Input High Voltage 


• 

2 

V 

Idd 

Supply Current 

No Load, SD = 0V 

No Load, SD = 5V 

• 

1.2 3.0 

30 350 

mA 

pA 

Iss 

Supply Current 

No Load, SD = 5V 

• 

2 350 

pA 
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SUJITCHMG CHARACTERISTICS v s = ±sv ± 5 %, t a = o°c to 7o°c (Notes 2 , 3 ) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

tpLH, HL 

Differential Driver Propagation Delay 

Rl = 100Q, Cl = lOOpF (Figures 2. 8) 

• 

40 

120 

ns 

tSKEW 

Differential Driver Output to Output 

Rl = 1 0Ofi, Cl = 1 0OpF (Figures 2, 8) 

• 

10 

50 

ns 

tr.f 

Differential Driver Rise/Fall Time 

Rl = 1 00£2, Cl = 1 0OpF (Figures 2, 8) 

• 

15 

80 

ns 

tENH. L 

Driver Enable to Output Active 

Cl = lOOpF (Figures 3, 4, 10) 

• 

50 

150 

ns 

tfi Ldis 

Driver Output Active to Disable 

Cl = 15pF (Figures 3, 4, 10) 

• 

50 

150 

ns 

tpLH, HL 

Single-Ended Driver Propagation Delay 

R l = 450ft, C L = 1 0OpF (Figures 5, 1 1 ) 

• 

40 

120 

ns 

tr.f 

Single-Ended Driver Rise/Fall Time 

Rl = 450ft, Cl = lOOpF (Figures 5, 12) 

• 

15 

80 

ns 

tpLH. HL 

Receiver Propagation Delay 

Cl = 15pF (Figures 13, 14) 

• 

60 

160 

ns 

tENH, L 

Receiver Enable to Output Active 

Cl = lOOpF (Figures 6, 7, 15) 

• 

30 

100 

ns 

Th, Ldis 

Receiver Output Active to Disable 

Cl = 15pF (Figures 6, 7, 15) 

• 

30 

100 

ns 


The • denotes specifications which apply over the full operating Note 2: All currents into device pins are positive; all currents out of 

temperature range. device pins are negative. All voltages are referenced to ground unless 

Note 1 : Absolute Maximum Ratings are those values beyond which the life otherwise specified. 

of a device may be impaired. Note 3: All typicals are given at Vs = ±5V, T A = 25°C. 


typical P€RFORmnnc€ characteristics 



OUTPUT CURRENT (mA) 


LTC1320 • G01 


Differential Output Swing vs 



OUTPUT CURRENT (mA) TEMPERATURE (°C) 


LTC1320 • G02 


LTC1320*G03 


pin Funcuons 

TXD (Pin 1 ): RS422 Differential Driver Input (TTL Compat- 
ible). 

TXI (Pin 2): RS562 Single-Ended Driver Input (TTL com- 
patible. 

TXDEN (Pin 3): RS422 Differential Driver Output Enable 
(TTL Compatible). A high level on this pin forces the 


RS422 driver into three-state; a low level enables the 
driver. This input does not affect the RS562 single-ended 
driver. 

SD (Pin 4): Shutdown Input (TTL Compatible). When this 
pin is high, the chip is shut down: all driver outputs three- 
state and the supply current drops to 30pA. A low on this 
pin allows normal operation. 
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RXEN (Pin 5): Receiver Enable (TTL Compatible). A high 
level on this pin disables the receivers and three-states the 
logic outputs; a low level allows normal operation. To 
prevent err atic b ehavior at the receiver outputs during 
shutdown, RXEN should be pulled high along with SD. 

RXO (Pin 6): Inverting RS562 Single-Ended Receiver 
Output. 

RXO (Pin 7): Noninverting RS562 Single-Ended Receiver 
Output. 

RXDO (Pin 8): RS422 Differential Receiver Output. 

GND (Pin 9): Ground Pin. 

RXD + (Pin 10): RS422 Differential Receiver Noninverting 
Input. When this pin is >200mV above RXD", RXDO will 
be high; when this pin is>200mV below RXD", RXDO will 
be low. 

RXD" (Pin 11): RS422 Differential Receiver Inverting 
Input. 


RXI (Pin 12): Noninverting RS562 Receiver Input. This 
input controls the RXO output; it has no effect on the RXO 
output. 

RXI (Pin 13): Inverting RS562 Receiver Input. This input 
controls the RXO output; it has no effect on the RXO 
output. 

Vss (Pin 14): Negative Supply. -4.75 > V SS >-5.25V. The 
voltage on this pin must never exceed ground on power up 
or power-down. 

TXO (Pin 15): RS562 Single-Ended Driver Output. 

TXD + (Pin 16): RS422 Differential Driver Noninverting 
Output. 

TXD"(Pin 17): RS422 Differential Driver Inverting Output. 
V D d (Pin 18): Positive Supply. 4.75V < Vdd ^ 5.25V. 


T€ST CIRCUITS 


TXD + 


TXD 



Figure 1 


TXD + 



TXD LTC1320 • TCF02 


Figure 2 


500Q 

OUTPUT f— AA/V — V DD 

UNDER TEST 

=r= C L 


Vss 1 

Figure 3 


OUTPUT 
UNDER TEST 



Vss LTC1320 • F04 



TXO 



LTC1320 • F05 — 


OUTPUT 
UNDER TEST 


500Q 


T 

T 


“VV\ — Vqd 

Cl 


LTC1320* F06 


OUTPUT 
UNDER TEST 



Figure 4 


Figure 5 


Figure 6 


Figure 7 
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Thermal Shutdown Protection 

The LTC1320 includes a thermal shutdown circuit which 
protects the part against prolonged shorts at the driver 
outputs. It any driver output is shorted to another output 
or to the power supply, the current will be initially limited 
to 450mA max. The die temperature will rise to about 
1 50°C, at which point the thermal shutdown circuit turns 
off the driver outputs. When the die cools to about 1 30°C, 
the outputs re-enable. If the shorted condition still exists, 
the part will heat again and the cycle will repeat. When the 
short is removed, the part will return to normal operation. 
This oscillation occurs at about 1 0Hz and prevents the part 
from being damaged by excessive power dissipation. 

Power Shutdown 

The power shutdown feature of the LTC1 320 is designed 
primarily for battery-powered systems. When SD (pin 4) 
is forced high, the part enters shutdown mode. In shut- 


down, the supply current drops from 1 ,2mA to 30pA typ. 
The driver outputs are three-stated and the power to the 
receivers is removed. The receiver outputs are not auto- 
matically three-stated in shutdown, and can toggle errone- 
ously due to feedthr ough from the inputs. This can be 
prevented by pulling RXEN high along with SD; this will 
three-state the receiver outputs and prevent the genera- 
tion of spurious data. 

Supply Bypassing 

The LTC1320 requires that both Vdd and Vss are well 
bypassed; data errors can result from inadequate bypass- 
ing. Bypass capacitor values of 0.1 pF to IpF from Vdd to 
ground and from Vss to ground are adequate. Lead lengths 
and trace lengths between the capacitors and the chip 
should be short to minimize lead inductance. 


TYPICAL APPUCOTIOnS 


Single 5V Supply 


RS422 to RS562/RS562 to RS422 Converter 


5V 



CURRENT WHEN LTC1320 IS SHUT DOWN 
LT1054 PROVIDES HIGHER OUTPUT DRIVE 


5V 



XTUffiB 
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Switched Negative Supply 


>25k ESD Protection 



*SCH0TTKY DIODE PREVENTS V S s FROM EXCEEDING 
GND ON POWER-UP OR POWER-DOWN 




nr 

18 ~ 

0.1 nF 

J 

Vdd 

TXD TXD~ 

1 1 7 _ 


_2_ 

TXI 

TXD* 

,6 



_3_ 

TXDi 

TXO 

15 



_4_ 

SD LTC1320 RXI 

13 ] ►H ' 


DATA 

INPUT/OUTPUT H 

_5_ 

rxen 

RXI 

T i 

12 



_6_ 

RXO 

RXD" 

ii 



_7_ 

RXO 

RXD + 

T o ^ * , 

io 



_8_ 

RXDO 


T >H ~ 



GND 

v ss 


r 


9 

14 

— 1 — n , r LTC1320 • 


TO OUTSIDE WORLD 
y PROTECTED AGAINST ESD 
DAMAGE TO ±25kV 


0.1 |llF 


‘GENERAL SEMICONDUCTOR ICTE-22C OR EQUIVALENT 
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JKLmJ TECHNOLOGY 


LTC1145/LTCn46 
Low Power Digital Isolator 


F6ATURCS 

■ UL Recognized ^ (LTC1145A, LTC1146A) 
File El 51 738 to UL1 577 

■ Low Input Current 

LTC1145: 700pA 
LTC1146: 70jaA 

■ Maximum Input Frequency 

LTC1145: 200kHz 
LTC1146: 20kHz 

■ TTL Level Output 

■ Noise Filter Prevents Glitches at the Output 

■ Output Can Be Synchronized to an External Clock 

appucrtiors 

■ Low Power Opto-lsolator Replacement 

■ Isolated Serial Data Interfaces 

■ Isolated Power MOSFET Drivers 


DCSCRIPTIOR 

The LTC1 145A/LTC1 146A provide 2500V RMS (1 minute) 
or 3000Vrms (1 second) of input to output isolation for 
TTL digital/CMOS signals. The LTC1 145/LTC1 146 are 
intended for less stringent applications and are rated for 
SOOVrms- Unlike opto-isolators, the input current is a 
mere 70pA for the LTC1146 which can handle frequen- 
cies up to 20kHz. The faster LTC1 1 45 will handle frequen- 
cies up to 200kHz while only drawing 700pA. 

The output signal is in phase with the input and swings 
between GND2 and Vcc providing a TTL/CMOS compat- 
ible signal without any pull-up resistors. An on-chip 
noise filter helps prevent glitches and data errors at the 
output, and a pin is provided for synchronizing the output 
signal to an external system clock. 



1C Innovation of the Year Winner 


TYPICAL APPUCATIOn 


Digital Isolation Interface 
Data Rate Up to 200kHz 


IN 



DATA 

OUT 


LTC1145 Typical Waveforms 
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LTC1145/LTC1146 


rbsoiutc mnximum nnnnGs 


Supply Voltage 12V 

Input Voltage 

D| N 11V to (GND1 -0.3V) 

OSCim (V cc + 0.3V) to (GND2 - 0.3V) 

Output Voltage 

OSqut, Dqut (Vcc + 0.3V) to (GND2 - 0.3V) 


Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORRIRTIOR 



TOP VIEW 


ORDER PART 


TOP VIEW 


ORDER PART 

Din U 

W 

18] GND1 

NUMBER 

Din [T 

W 

18] GND1 

NUMBER 


ISOLATION 

BARRIER 


LTC1145CN 

LTC1145ACN 


ISOLATION 

BARRIER 


LTC1146CN 







LTC1146ACN 

NC \T 


U Vcc 


nc [T 


H v cc 


OSCin |~8~ 


ID ° S OUT 


Cext HE 


m OSouT 


GND2 [T 


HI Dqut 


GND2 |T 


H) Dqut 


N PACKAGE 

18-LEAD PLASTIC DIP 


N PACKAGE 

18-LEAD PLASTIC DIP 


Tjmax 

= 125°C, 0j A = 110°C/W 


Tjmax 

125°C, Oja = 110°C/W 



Consult factory for Industrial and Military grade parts. 


€l€CTRICAl CHRRRCT6RISTICS Vcc = 5V, Ta = 25°C unless otherwise noted. 


SYMBOL 1 PARAMETER I CONDITIONS ! MIN TYP MAX [ UNITS 

LTC1145 


VOL 

Output Low Voltage 

OSout. Dout at 4mA 


0.4 

V 

V 0H 

Output High Voltage 

OSout. Dout at 4mA 

• 

3.5 

V 

V| L 

External Frequency Input Low Voltage 

OSCin 

• 

0.8 

V 

VlH 

External Frequency Input High Voltage 

OSCim 

• 

2.4 

V 

!|N 

Input Current 

OSCim at 5V 

• 

10.0 

pA 



Dim at 3 V 

• 

0.45 0.65 

mA 



Dim at 5 V 

• 

0.70 1.30 

mA 



Dim 3t 10V 

• 

1.85 3.20 

mA 

•cc 

Supply Current 

osc IN = ov 

• 

2 3.5 

mA 

tpLHI 

D||\| to OSout. Low to High 

Cl 

to 

II 

o 

• 

0.2 0.7 

ps 

tpHLI 

Din to OSquti High to Low 

C L = 15pF 

• 

0.4 1.1 

ps 

tpLH2 

Din to Dout. Low to High 

C L = 15pF 

• 

0.7 1.5 

ps 

tpHL2 

Djn to Dout. High to Low 

C L = 15pF 

• 

1.1 2 

ps 

SR 

Input Signal Slew Rate 

Dim 


1 

V/ps 

CMSR 

Common-Mode Slew Rate (Note 1) 

Dim = GND1 Connected to Vcm 


1000 

V/ps 

V|NH 

Input High Voltage 

Dim 

• 

3 

V 

VlNL 

Input Low Voltage 

Dim 

• 

0.8 

V 

Viso 

Isolation Voltage, LTC1145A 

1 Minute (Note 2) 


2500 

Vrms 



1 Second 


3000 

Vrms 
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LTC1145/LTC1146 


€l€CTRICAl CHARACTCRISTICS Vqc = 5V, T a = 25°C unless otherwise noted. 


SYMBOL 1 PARAMETER [ CONDITIONS 1 MIN TYP MAX [ UNITS 

LTC1146 


VOL 

Output Low Voltage 

OSout, Dout at 4mA 

• 

0.4 

V 

VOH 

Output High Voltage 

OSout, Dout at 4mA 

• 

3.5 

V 

V| L 

Input Low Voltage 

Din 

• 

0.8 

V 

V| H 

Input High Voltage 

Din 

• 

3 

V 

l|N 

Input Current 

D 1N at3V 

Din at 5V 

Din at 10V 

• 

• 

40 80 

70 120 

225 350 

pA 

PA 

mA 

Icc 

Supply Current 

£ 

M 

o 

£ 

• 

1.8 3 

mA 

tpLHI 

D| N to OSout, Low to High 

Cl = 15pF 

• 

0.5 1.5 

MS 

fpHLI 

Dim to OSout. High to Low 

C|_ = 15pF 

• 

6 11 

MS 

fpLH2 

D,m to Dout, Low to High 

Cl = 15pF, Cext - 50pF 

• 

5 10 

MS 

1pHL2 

Dim to Dout, High to Low 

Cl = 15pF, Cext = 50pF 

• 

10 18 

MS 

SR 

Input Signal Slew Rate 

Din 


1 

V/ms 

CMSR 

Common-Mode Slew Rate (Note 1) 

Din = GND1 Connected to Vcm 


1000 

V/ms 

Viso 

Isolation Voltage, LTC1146A 

1 Minute (Note 2) 

1 Second 


2500 

3000 

Vrms 

Vrms 


The • denotes specifications which apply over the operating temperature Note 1: Pins 1 and 18 are connected together. Pins 7 through 12 are 
range. connected together. 

Note 2: Value derived from 1 second test. 


TYPICAL PCRFORmflRCC CHRRACTCRISTICS 


Output High Voltage (Dout and 
OSqut) vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Low Voltage (Dqut and 
OSqut) vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LTC1 145/6 •TPC01 


LTC1145/6 «7PC01 


LTC1146 

Input Current vs Input Voltage 


Ta 

= 25° 

C 






„y 








y 
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y 

7^ 
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3 4 5 6 7 8 9 10 11 12 

INPUT VOLTAGE (V) 


LTC1 145/6 .TPC03 
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LTC1145/LTC1146 


typicrl p€RFonmnnc€ chrrrctcristics 


LTC1145 

Input Current vs Input Voltage 



LTC1146 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LTC1 145/6 • TPC06 


LTC1 1 45/LTC1 1 46 
Supply Current vs Temperature 



-50 -25 0 50 25 75 100 125 

TEMPERATURE (°C) 

LTC1 145/6 * TPC05 


LTC1145 

Input Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LTC1 145/6 *TPC06 
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LTCH45/LTC1146 


pm Funcnons 

Pin 1 (D| N ): Data Input 
Pin 7 (NC): Not Connected 

Pin 8 (LTC1145 OSCin): External Frequency Input. The 
signal on this pin overrides the internal oscillator fre- 
quency. 

Pin 8 (LTC1146 Cext): External Capacitor. Connecting a 
capacitor at this pin allows the internal oscillator fre- 
quency to be slowed down. 

Pin 9 (GND2): The Ground Connection of the Receiver Die. 


Pin 10 (Dout) : Data Output. The output signal has gone 
through the internal filter. The output level is in- 
compatible. 

Pin 11 (OSout) : One-Shot Output. The output signal that 
does not go through the internal filter. The output level is 
TTL compatible. 

Pin 12 (Vcc): Positive Supply of the Receiver Die, 4.5V < 
V CC < 5.5V. 

Pin 1 8 (GND1 ): The Ground Connection of the Driver Die. 


suiiTCHinG Time umvcFORms 



FuncTionni mnGRnms 


LTC1145 


DIE #1 


DIE #2 
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LTC1145/LTC1146 


Funcuonni DinGRnms 

LTC1146 


DIE #2 



OUTPUT 


DATA 
' OUTPUT 


LTC11 45/46 -FD02 


opcftnnon 

Basic Functionality 

The LTC1 1 45/LTC1 1 46 consist of two separate die (see 
Functional Diagram) and two internal 1 pF capacitors which 
provide isolation. Die #1 contains a low power oscillator 
and two low power drivers. The supply current for the 
oscillator and drivers comes from the digital input. 

When the digital input exceeds 3V, the oscillator turns on 
and provides a 4MHz square wave to the drivers (400kHz 
for the LTC1 1 46). The drivers pass the signal through the 
isolation capacitors and form a differential signal at the 
input to the comparator (points C and D) on die #2. As 
soon as the comparator output changes state in either 
direction, the one-shot output (OS) goes high. The time 
constant of the one-shot is set to 2 times the oscillation 
period, so the one-shot output will stay high as long as the 
oscillation continues. When the digital input goes low, the 


oscillator on die #1 turns off and the one-shot output 
resets low. 

To increase the noise immunity of the system, a filter is 
added to die #2. The filter is basically a binary counter 
clocked by either an internal free running oscillator or 
external oscillator. Aclockdetectorcircuit disconnects the 
internal oscillator from the filter and connects the external 
oscillator after detecting three pulses on the OSCin pin. 
The frequency of the internal free running oscillator on die 
#2 is designed to match the frequency of the gated 
oscillator on die #1, but the two oscillators are not syn- 
chronized. For the digital output (Dout) to go high, the 
filter must count four consecutive clock cycles with the 
one-shot output remaining high. For the digital output to 
go low, the filter must count four consecutive clock cycles 
with the one-shot output remaining low. 
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LTC1145/LTC1146 

opcRnnon 






NOTE: THE SHADED AREA AT D 0 ut IS THE OUTPUT JITTER DUE 
TO THE TWO OSCILLATORS NOT SYNCHRONIZED. 

REFER TO FUNCTIONAL DIAGRAMS. 


Figure 1. Block Diagram Waveforms 


Noise and Glitch Immunity 

As an example, assume that the digital input is low and the 
oscillator on die #1 is off. There is a very large fast rising 
common-mode signal at the ground and input pins to die 
#1 with respect to the ground of die #2. 

Any mismatch in the internal capacitors will convert the 
common-mode signal intoadifferential glitch atthe inputs 
to the comparator. The output of the comparator will 
toggle and the output of the one-shot will go high. How- 
ever, the filter will only count one clock cycle before the 
output of the one-shot resets, so the digital output will 
remain low. The filter works as long as the period of the 
common-mode signal is greaterthan the one-shot period. 
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LTC1145/LTC1146 


OPCRATIOn 

Internal Capacitors 

A special lead frame has been designed for the LTC1 1 45/ 
LTC1 146 which includes two die paddles and the isolation 
capacitors. Each capacitor is formed by three parallel 
metal fingers spaced about 20 mils apart. The capacitors’ 
metal fingers and bonding posts replace the 5 center pins 
on each side of the 18-pin package. The dielectric for the 


capacitors is the plastic package moulding compound. 
The material has a high dielectric constant and a high 
breakdown voltage. Typically the capacitance between the 
input and output is in the order of IpF. This provides 
sufficient isolation in even the most critical of applications 
and is suitable for handling high voltage with high AV/At. 

















LTC1145/LTC1146 


TVPicflL nppucrmons 


300V Isolated High-Side Driver 


V CC = 13V* 



Isolated Battery Power Temperature-to-Frequency Converter 
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LTC1145/LTC1146 


TVPicni nppiicnnons 


AC Line Monitor 


FUSE 
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F€flTUR€S 

■ LTC1321: 2-EIA562/RS232 Transceivers/2-RS485 
Transceivers 

■ LTC1322: 4-EIA562/RS232 Transceivers/2-RS485 
Transceivers 

■ LTC1335: 4-EIA562Transceivers/2-RS485 
Transceivers with OE 

■ LTC1 321/LTC1322 Have the Same Pinout as 
SP301/SP302 

■ LTC1335 Features Receiver Three-State Outputs 

■ Low Supply Current: 1mA Typical 

■ 15pA Supply Current in Shutdown 

■ 120kBaud in EIA/TIA-562 or RS232 Mode 

■ lOMBaud in RS485/RS422 Mode 

■ Self-Testing Capability in Loopback Mode 

■ Power-Up/Down Glitch-Free Outputs 

■ Driver Maintains High Impedance in Three-State, 
Shutdown or With Power Off 

■ Thermal Shutdown Protection 

■ I/O Lines Can Withstand ±25V 

■ Withstands Repeated lOkV ESD Pulses 

flppucfflions 

■ Low Power RS485/RS422/EIA562/RS232 Interface 

■ Cable Repeater 

■ Level Translator 


DCSCRIPTIOn 

The LTC1 321/LTC1 322/LTC1 335 are low power CMOS 
bidirectional transceivers, each featuring two reconfigurable 
interface ports. Each can be configured as two RS485 
differential ports, as two single-ended ports, or as one 
RS485 differential port and one single-ended port. The 
LTC1 321/LTC1 322 can provide RS232 or EIA562 compat- 
ible single-ended outputs; the LTC1335 provides EIA562 
compatible outputs and additionally includes an output 
enable pin, allowing the receiver logic level outputs to be 
three-stated. 

The RS232/EI A562 transceivers operate to 1 20kbaud and 
are in full compliance with EIA/TIA-562 specification. The 
RS485 transceivers operate to lOMbaud and are in full 
compliance with RS485 and RS422 specifications. All 
interface drivers feature short-circuit and thermal shut- 
down protection. An enable pin allows RS485 driver 
outputs to be forced into high impedance which is main- 
tained even when the outputs are forced beyond supply 
rails or power is off. Both driver outputs and receiver 
inputs feature ±10kV ESD protection. A loopback mode 
connects the driver outputs back to the receiver inputs for 
diagnostic self-test. 

The LTC1321/LTC1322 can support RS232 voltage levels 
when 6.5V < V DD < 10V and -6.5V > V EE > -10V. The 
LTC1335 supports receiver output enable but not RS232 
levels. A shutdown mode reduces the Ice supply current 
to 15pA. 







LTC1321 /LTC1322/LTC1335 


mssoiuTC mnximum RnnnGs 


Supply Voltage 

V cc 6.5V 

V DD (LTC1321/LTC1322 Only) 10V 

V EE -10V 

Input Voltage 

Drivers -0.3V to (Vcc + 0.3V) 

Receivers -25V to 25V 


ON/OFF, LB, SEL1, 

SEL2, OE -0.3V to (V CC + 0.3V) 


Output Voltage 

Drivers -25V to 25V 

Receivers -0.3V to (Vcc + 0.3V) 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

LTC1 321 C/LTC1 322C/LTC1 335C 0°Cto70°C 

LTC1321 1/LTC1 322I/LTC1335I -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R lAFOAmATlOA 


2 RS485 DRIVERS/RECEIVERS 
2 EIA/TIA-562 DRIVERS/RECEIVERS 


M V CC 

23] NC 

22] Rai 

jin dei 

Dvi 
19] LB 
18] ON/OFF 
M D Y2 
16 ] DE2 

Tf] Ra2 

13 NC 

m v EE 

N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

Tjmax - 125°C, 0j A = 75°C/W (N) 

Tjmax - 125°C, 0j A = 85°C/W (S) 



2 RS485 DRIVERS/RECEIVERS 
4 EIA/TIA-562 DRIVERS/RECEIVERS 


V DD El 
B1 [T 

A1 [T 
zi [7 

Y1 |T 
SEL1 [3 
SEL2 [T 
Y2 
Z2 [T 
A2 00 

B2 0T 
GND 02 




TOP VIEW 

^ 


Ffir 


]£fa 








M Vcc 
u Rbi 
Rai 

[II] D Z1 /DE1 

Dyi 

LB 

lU ON/OFF 

a d Y 2 

13 D Z2 /DE2 

13 R A 2 
13 RB2 
13 v EE 


N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

Tjmax = 125°C,0j A = 75°C/W(N) 

Tjmax = 125°C, 0 JA = 85°C/W (S) 


2 RS485 DRIVERS/RECEIVERS 
4 EIA/TIA-562 DRIVERS/RECEIVERS 



N PACKAGE 
24-LEAD PLASTIC DIP 


M V CC 
23] Rbi 
22] R A i 
2l] D Z1 /DE1 
Dyi 

13 LB 

M ON/OFF 
H Dy2 
16] D z2 /DE2 

ID Ra 2 
m rb2 

H Vee 


S PACKAGE 
24-LEAD PLASTIC SOL 


Tjmax = 125°C, 0ja = 75°C/W (N) 
Tjmax = 125»C,0ja = 85"C/W(S) 


ORDER PART 
NUMBER 


ORDER PART 
NUMBER 


ORDER PART 
NUMBER 


LTC1321CN 

LTC1321CS 

LTC1321IN 

LTC1321IS 


LTC1322CN 

LTC1322CS 

LTC1322IN 

LTC1322IS 


LTC1335CN 

LTC1335CS 

LTC1335IN 

LTC1335IS 


Consult factory for Military grade parts. 
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LTC1321 /LTC1322/LTC1335 


DC ClCCTRICRl CHARACTERISTICS 

Vqc = V DD (LTC1 321/LTC1 322) = 5V ±5%, V EE = -5V ±5% (Notes 2, 3) 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP MAX 

UNITS 

RS485 Driver (SEL1 = SEL2 = HIGH) 

VqDI 

Differential Driver Output Voltage (Unloaded) 

lo = 0 

• 

5 

V 

CM 

O 

Differential Driver Output Voltage (With Load) 

Figure 1, R = 50ft (RS422) 

• 

2.0 

5 

V 



Figure 1, R = 27ft (RS485) 

• 

1.5 

5 

V 

AVod 

Change in Magnitude of Driver Differential 

Output Voltage for Complementary Output States 

Figure 1, R = 27ft or R = 50ft 

• 

0.2 

V 

Voc 

Driver Common-Mode Output Voltage 

Figure 1, R = 27ft or R = 50ft 

• 

3 

V 

A I Vqc 1 

Change in Magnitude of Driver Common-Mode 
Output Voltage for Complementary Output States 

Figure 1 , R = 27ft or R = 50ft 

• 

0.2 

V 

•OSD 

Driver Short-Circuit Current 

-7V < V 0 < 12V, V 0 = HIGH 

• 

35 

250 

mA 



-7V < V 0 < 12V, V 0 = LOW (Note 4) 

• 

10 

250 

mA 

l0ZD 

Three-State Output Current (Y, Z) 

-7V< V 0 < 12 V 

• 

±5 ±500 

pA 


EIA/TIA-562 Driver (SEL1 = SEL2 = LOW) 


Vo 

Output Voltage Swing 

Figure 4, Rl = 3k, Positve 

• 

3.7 4.2 

V 



Figure 4, Rl = 3k, Negative 

• 

-3.7 -4.3 

V 

l0SD 

Output Short-Circuit Current 

< 

o 

II 

• 

±11 ±60 

mA 


Driver Inputs and Control Inputs 


V|H 

Input High Voltage 

D, DE, ON/OFF, SEL1.SEL2, LB 

OE (LTC1335) 

• 

• 

2 

2 

V 

V 

Vil 

Input Low Voltage 

D, DE, ON/OFF, SEL1.SEL2, LB 

• 

0.8 

V 



0E (LTC1335) 

• 

0.8 

V 

l|N 

Input Current 

D, SEL1.SEL2 

• 

±10 

pA 



DE, ON/OFF, LB 

• 

-4 -15 

pA 



OE (LTC1335) 

• 

4 15 

pA 


RS485 Receiver (SEL1 = SEL2 = HIGH) 


Vth 

Differential Input Threshold Voltage 

-7 V < Vq M <7 V, Commercial 
-7 V<V cm < 7V, Industrial 

• 

• 

-0.2 

-0.3 


0.2 

0.3 

V 

V 

AVjh 

Input Hysteresis 

V C m = ov 

• 

70 

mV 

•in 

Input Current (A, B) 

-7V< V )N < 12V 

• 

±1 

mA 

Rin 

Input Resistance 

-7V < V,n < 12V 

• 

12 

24 


kft 

EIA/TIA-562 Receiver (SEL1 = SEL2 = LOW) 

Vth 

Receiver Input Voltage Threshold 

Input Low Threshold 

• 

0.8 

1.1 


V 



Input High Threshold 

• 


1.7 

2.4 

V 

AVjh 

Receiver Input Hysteresis 


• 

0.1 

0.6 

1.0 

V 

Rin 

Receiver Input Resistance 

V| N = ±10V 


3 

5 

7 

kft 

Receiver Output 

VOH 

Receiver Output High Voltage 

l 0 = -3mA, V| N = OV, SEL1 = SEL2 = LOW 

• 

3.5 

4.6 


V 

VOL 

Receiver Output Low Voltage 

l 0 = 3mA, V| N = 3V, SEL1 = SEL2 = LOW 

• 


0.2 

0.4 

V 

l0SR 

Short-Circuit Current 

ov<v 0 <v cc 

• 

7 


85 

mA 

l0ZR 

Three-State Output Current 

ON/OFF = 0V 

• 



±10 

pA 



OE = V CC (LTC1335) 

• 



±10 

pA 
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LTC1321 /LTC1322/LTC1335 


dc ciccTRicni characteristics 

V cc = Vdd (LTC1321/LTC1322) = 5V ±5%, V EE = -5V±5% (Notes 2, 3) 


SYMBOL [PARAMETER | CONDITIONS | MIN TYP MAX | UNITS 

Supply Currents 


Icc 

Vcc Supply Current 

No Load (SEL1 = SEL2 = HIGH) 

Shutdown, ON/OFF = 0V 

• 

• 

1000 

15 

2000 

50 

ma 

mA 

Idd 

V DD Supply Current (LTC1321/LTC1322) 

No Load (SEL1 = SEL2 = LOW) 

• 

300 

1000 

pA 



Shutdown, ON/OFF = 0V 

• 

0.1 

50 

mA 

Iee 

Vee Supply Current 

No Load (SEL1 = SEL2 = HIGH) 

• 

-1000 

-2000 

pA 



Shutdown, ON/OFF = 0V 

• 

-0.1 

-50 

pA 


RC €l€CTRICRl CHRRRCTCRISTICS 

Vcc = Vdd (LTC1321/LTC1322) = 5V ±5%, V EE = -5V ±5% (Notes 2, 3) 


SYMBOL | PARAMETER | CONDITIONS J MIN TYP MAX | UNITS 

EIA/TIA-562 Mode (SEL1 = SEL2 = LOW) 


SR 

Slew Rate 

Figure 4, R L = 3k, C|_ = 15pF 

Figure 4, R L = 3k, C|_ = lOOOpF 

• 

• 

4 

14 

7 

30 

V/jos 

V/ms 

t T 

Transition Time 

Figure 4, R L = 3k, C[_ = 2500pF 

• 

0.22 

1.9 

3.1 

MS 

tpLH 

Driver Input to Output 

Figures 4,10, Rl = 3k, Cl = 15pF 

• 


0.6 

4 

M S 

tpHL 

Driver Input to Output 

Figures 4,10, Rl = 3k, Cl = 15pF 

• 


0.6 

4 

MS 

tpLH 

Receiver Input to Output 

Figures 5,11 

• 


0.3 

6 

MS 

tpHL 

Receiver Input to Output 

Figures 5,11 

• 


0.4 

6 

MS 

RS485 Mode (SEL1 = SEL2 = HIGH) 

tpLH 

Driver Input to Output 

Figures 2,7, R L = 54Q, Cl = lOOpF 

• 

20 

40 

70 

ns 

tpHL 

Driver Input to Output 

Figures 2,7, R L = 54Q, Cl = lOOpF 

• 

20 

40 

70 

ns 

tSKEW 

Driver Output to Output 

Figures 2,7, Rl = 54Q, Cl = lOOpF 

• 


5 

15 

ns 

tr. tf 

Driver Rise or Fall Time 

Figures 2,7, R L = 54Q, Cl = lOOpF 

• 

3 

15 

40 

ns 

t ZL 

Driver Enable to Output Low 

Figures 3,8, C L = lOOpF, SI Closed 

• 


50 

90 

ns 

tzH 

Driver Enable to Output High 

Figures 3,8, Cl = lOOpF, S2 Closed 

• 


50 

90 

ns 

tLZ 

Driver Disable from Low 

Figures 3,8, Cl = 15pF, SI Closed 

• 


50 

90 

ns 

tHZ 

Driver Disable from High 

Figures 3,8, C L = 15pF, S2 Closed 

• 


60 

90 

ns 

tpLH 

Receiver Input to Output 

Figures 2,9, Rl = 54Q, Cl = lOOpF 

• 

20 

60 

140 

ns 

tpHL 

Receiver Input to Output 

Figures 2,9, Rl = 54Q, Cl = lOOpF 

• 

20 

70 

140 

ns 

tSKEW 

Differential Receiver Skew, 1 tpLH'tpHL 1 

Figures 2,9, Rl = 54Q, Cl = lOOpF 

• 

10 

ns 

Receiver Output Enable/Disable (LTC1335) 

tZL 

Receiver Enable to Output Low 

Figures 6,12, Cl = 15pF, SI Closed 

• 


40 

90 

ns 

tZH 

Receiver Enable to Output High 

Figures 6,12, Cl = 15pF, S2 Closed 

• 


40 

90 

ns 

tLZ 

Receiver Disable from Low 

Figures 6,1 2, Cl = 1 5pF, SI Closed 

• 


40 

90 

ns 

tHZ 

Receiver Disable from High 

Figures 6,12, Cl = 15pF, S2 Closed 

• 


50 

90 

ns 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those values beyond which the 
safety of the device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 


Note 3: All typicals are given at V cc = Vdd (LTC1321/LTC1322) = 5V, 

V EE = -5V, and T A = 25°C. 

Note 4: Short-circuit current for RS485 driver output low state folds back 
above Vcc- Peak current occurs around Vo = 3V. 
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OUTPUT CURRENT (mA) DIFFERENTIAL OUTPUT VOLTAGE (V) 


LTC1321 /LTC1322/LTC1335 

TVPicni P€RFORmnnc€ chrrrctcristics 


RS485 Driver Differential Output 
Voltage vs Temperature 



RS485 Driver Differential Output 
Current vs Output Voltage 
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DIFFERENTIAL OUTPUT VOLTAGE (V) 
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Si 
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RS485 Driver Output High Voltage 
vs Output Current 
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RS485 Driver Output Low Voltage 
vs Output Current 
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EIA562 Driver Output Voltage 
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EIA562 Driver Output Voltage 
vs Supply Voltage 
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RS485 Driver Skew vs 
Temperature 
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RS485 Driver Output Short-Circuit 
Current vs Temperature 
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EIA562 Driver Output Short-Circuit 
Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


rrinm 

TECHNOLOGY 













LTC1321 /LTC1322/LTC1335 


tvpicri P€RFonmnnce chrrrctcristics 


Receiver Output High Voltage 
vs Temperature 



Receiver Output Low Voltage 
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RS485 Receiver | tpi_n - tpHL I 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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Receiver Output Current 
vs Output High Voltage 
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Receiver Output Current 
vs Output Low Voltage 
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EIA562 Receiver Input Threshold 
Voltage vs Temperature 
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Driver Output Leakage Current 
(Disable/Shutdown) vs Temperature 
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Supply Current in RS485 Mode 



TEMPERATURE (°C) 


Supply Current in EIA562 Mode 
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LTC1321 

Voo(Pinl): Positive Supply lnputforEIA/TIA-562 Drivers. 
B1: (Pin 2): Receiver Input. 

A1 (Pin 3): Receiver Input. 

Z1 (Pin 4): Driver Output. 

Y1 (Pin 5): Driver Output. 

SEL1 (Pin 6): Interface Mode Select Input. 

SEL2 (Pin 7): Interface Mode Select Input. 

Y2 (Pin 8): Driver Output. 

Z2 (Pin 9): Driver Output. 

A2 (Pin 10): Receiver Input. 

B2 (Pin 11): Receiver Input. 

GND (Pin 12): Ground. 

Vee (Pin 13): Negative Supply. 

NC (Pin 14): No Connection. 
f?A 2 (Pin 15): Receiver Output. 

DE2 (Pin 16): Driver Enable with Internal Pull-Up in RS485 
Mode. 

Dy 2 (Pin 17): Driver Input. 

ON/OFF (Pin 18): A HIGH logic input enables the trans- 
ceivers. A LOW puts the device into shutdown mode and 
reduces Ice to 15pA. This pin has an internal pull-up. 

LB (Pin 19): Loopback Control Input. A LOW logic level 
enables loopback connections. This pin has an internal 
pull-up. 

Dyi (Pin 20): Driver Input. 

DEI (Pin 21): Driver Enable with Internal Pull-Up in RS485 
Mode. 

Rfli (Pin 22): Receiver Output. 

NC (Pin 23): No Connection. 

V cc (Pin 24): Positive Supply: 4.75V < V cc < 5.25V. 


LTC1 322/LTC1 335 

OE/Vdd (Pin 1): For LTC1335, pin 1 is the receiver 
output enable with internal pull-down. For LTC1 322, pin 
1 is the positive supply input for EIA/TIA-562 drivers. 

B1: (Pin 2): Receiver Input. 

A1 (Pin 3): Receiver Input. 

Z1 (Pin 4): Driver Output. 

Y1 (Pin 5): Driver Output. 

SEL1 (Pin 6): Interface Mode Select Input. 

SEL2 (Pin 7): Interface Mode Select Input, 

Y2 (Pin 8): Driver Output. 

Z2 (Pin 9): Driver Output. 

A2 (Pin 10): Receiver Input. 

B2 (Pin 11): Receiver Input. 

GND (Pin 12): Ground. 

Vee (Pin 13): Negative Supply. 

Rb 2 (Pin 14): Receiver Output. 

Ra 2 (Pin 15): Receiver Output. 

D Z2 /DE2 (Pin 16): EIA/TIA-562 Driver Input in EIA562 
Mode. RS485 Driver Enable with Internal Pull-Up in 
RS485 Mode. 

Dy 2 (Pin 17): Driver Input. 

ON/OFF (Pin 18): A HIGH logic input enables the 
transceivers. A LOW puts the device into shutdown 
mode and reduces Ice to 1 5pA. This pin has an internal 
pull-up. 

LB (Pin 19): Loopback Control Input. A LOW logic level 
enables loopback connections. This pin has an internal 
pull-up. 

Dyi (Pin 20): Driver Input. 

D Z1 /DE1 (Pin 21): EIA/TIA-562 Driver Input in EIA562 
Mode. RS485 Driver Enable with Internal Pull-up in 
RS485 Mode. 

Rai (Pin 22): Receiver Output. 

Rbi (Pin 23): Receiver Output. 

V cc (Pin 24): Positive Supply; 4.75V < V cc < 5.25V. 
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LTC1321 


RS485 Driver Mode 


INPUTS 

LINE 

OUTPUTS 

ON/OFF 

SEL 

DE 

D 

CONDITION 

Y 

z 

1 

1 

1 

0 

No Fault 

0 

1 

1 

1 

1 

1 

No Fault 

1 

0 

1 

1 

1 

X 

Fault 

z 

z 

1 

1 

0 

X 

X 

z 

z 

0 

1 

X 

X 

X 

z 

z 


RS485 Receiver Mode 


INPUTS 

OUTPUT 

ON/OFF 

SEL 

CO 

1 

R 

1 

1 

<-0.2V 

0 

1 

1 

> 0.2V 

1 

1 

1 

Inputs Open 

1 

0 

1 

X 

z 


RS232/EIA562 Driver Mode 


INPUTS 

LINE 

OUTPUT 

ON/OFF 

SEL 

D 

CONDITION 

Y 

1 

0 

0 

No Fault 

1 

1 

0 

1 

No Fault 

0 

1 

0 

X 

Fault 

z 

0 

0 

X 

X 

z 


RS232/EIA562 Receiver Mode 


INPUTS 

OUTPUT 

ON/OFF 

SEL 

A 

R 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

Inputs Open 

1 

0 

0 

X 

z 


LTC1322 


RS485 Driver Mode 


INPUTS | 

LINE 

OUTPUTS 

ON/OFF 

SEL 

DE 

D 

CONDITION 

Y 

z 

1 

1 

1 

0 

No Fault 

0 

1 

1 

1 

1 

1 

No Fault 

1 

0 

1 

1 

1 

X 

Fault 

z 

z 

1 

1 

0 

X 

X 

z 

z 

0 

1 

X 

X 

X 

z 

z 


RS485 Receiver Mode 


INPUTS 

OUTPUT 

ON/OFF 

SEL 

A-B 

R 

1 

1 

< -0.2V 

0 

1 

1 

> 0.2V 

1 

1 

1 

Inputs Open 

1 

0 

1 

X 

z 


RS232/EIA562 Driver Mode 


INPUTS 

LINE 

OUTPUT 

ON/OFF 

SEL 

D 

CONDITION 

Y, Z 

1 

0 

0 

No Fault 

1 

1 

0 

1 

No Fault 

0 

1 

0 

X 

Fault 

z 

0 

0 

X 

X 

z 


RS232/EIA562 Receiver Mode 


INPUTS | 

OUTPUT 

ON/OFF 

SEL 

A ORB 

R 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

Input Open 

1 

0 

0 

X 

z 
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LTC1335 


RS485 Driver Mode 


INPUTS 

LINE 

OUTPUTS 

ON/OFF 

SEL 

DE 

D 

CONDITION 

Y 

z 

1 

1 

1 

0 

No Fault 

0 

1 

1 

1 

1 

1 

No Fault 

1 

0 

1 

1 

1 

X 

Fault 

z 

z 

1 

1 

0 

X 

X 

z 

z 

0 

1 

X 

X 

X 

z 

z 


RS485 Receiver Mode 


INPUTS 

OUTPUT 

ON/OFF 

SEL 

61 

A-B 

R 

1 

1 

0 

<-0.2V 

0 

1 

1 

0 

> 0.2V 

1 

1 

1 

0 

Inputs Open 

1 

1 

1 

1 

X 

z 

0 

1 

X 

X 

z 


EIA562 Driver Mode 


INPUTS 

LINE 

OUTPUT 

ON/OFF 

SEL 

D 

CONDITION 

Y, Z 

1 

0 

0 

No Fault 

1 

1 

0 

1 

No Fault 

0 

1 

0 

X 

Fault 

z 

0 

0 

X 

X 

z 


EIA562 Receiver Mode 


INPUTS 

OUTPUT 

ON/OFF 

SEL 

OE 

A ORB 

R 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

o 

Input Open 

1 

1 

0 

1 

X 

z 

0 

0 

X 

X 

z 


BLOCK DIBGBBmS 


LTC1321 Interface Configuration Without Loopback 


PORT 1 - EIA562 MODE PORT 1 = RS485 MODE PORT 1 = EIA562 MODE PORT 1 = RS485 MODE 

PORT 2 = EIA562 MODE PORT 2 = EIA562 MODE PORT 2 = RS485 MODE PORT 2 = RS485 MODE 



* SEL1/SEL2 = V C c 
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BLOCK DIBGRBrnS 

LTC1321 Interface Configuration With Loopback 


PORT 1 = EIA562 MODE PORT 1 = RS485 MODE PORT 1 = EIA562 MODE PORT 1 = RS485 MODE 

PORT 2 = EIA562 MODE PORT 2 = EIA562 MODE PORT 2 = RS485 MODE PORT 2 = RS485 MODE 



‘SEL1/SEL2 = V CC 


5 


LTC1 322/LTC1 335 Interface Configuration Without Loopback 


PORT 1 = EIA562 MODE PORT 1 = RS485 MODE PORT 1 = EIA562 MODE PORT 1 = RS485 MODE 

PORT 2 = EIA562 MODE PORT 2 = EIA562 MODE PORT 2 = RS485 MODE PORT 2 = RS485 MODE 



*FOR LTC1322 ONLY, PINJ IS V DD , AND OE IS ALWAYS ENABLED. 
FOR LTC1335, PIN 1 IS OE, AND V DD IS CONNECTED TO V C c- 
** SEL1/SEL2 = V C c. 
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T€ST CIRCUITS 


Vcc 



Figure 1 . RS485 Driver Figure 2. RS485 Driver/Receiver Figure 3. RS485 Driver Output 

Test Load Timing Test Circuit Enable/Disable Timing Test Load 



Figure 4. EIA/TIA-562 Driver 
Timing Test Circuit 


Figure 5. EIA/TIA-562 Receiver 
Timing Test Circuit 


Figure 6. Receiver Output 
Enable/Disable Timing Test Load 
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Figure 7. RS485 Driver Propagation Delays 



1321/22/35 F08 


Figure 8. RS485 Driver Enable and Disable Times 



1321/22/35 F09 


Figure 9. RS485 Receiver Propagation Delays 



Figure 10. EIA/TIA-562 Driver Propagation Delays 
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Figure 11. EIA/TIA-562 Receiver Propagation Delays 
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Figure 12. Receiver Enable and Disable Times 


rppucrtiors mFORmnTion 

Basic Theory of Operation 

The LTC1 321/LTC1 322/LTC1 335 each have two interface 
ports. Each port may be configured as single-ended EIA562 
transceiver(s) or differential RS485 transceiver by forcing 
the port’s selection input to a LOW or HIGH, respectively. 
The LTC1 321 provides one EIA562 driver and one EIA562 
receiver per port to maintain same pinout as SP301 . The 
LTC1322 and LTC1335 each provide two drivers and two 
receivers per port. Additionally, the LTC1 321 and LTC1 322 
single-ended ports are RS232 compatible with higher Vdo 
and V EE supply levels. 

All the interface drivers feature three-state outputs. Inter- 
face outputs are forced into high impedance when the d river 
is disabled, in the shutdown mode, or with the power off. 

All the interface driver outputs are fault protected by a 
current limiting and thermal shutdown circuit. The thermal 
shutdown circuit disables both the EIA562 and RS485 
driver outputs when the die temperature reaches 150°C. 
The thermal shutdown circuit enables the drivers when the 
die temperature cools to 135°C. 


In RS485 mode, shutdown mode or with the power off, 
the input resistance of the receiver is 24k. The input 
resistance drops to 6.3k in EIA562 mode. 

A logic LOW at the ON/OFF pin shuts down the device 
and forces all the outputs into a high impedance state. 
A logic HIGH enables the device. An internal 4pA current 
source to Vcc pulls the ON/OFF pin HIGH if left open. 

In RS485 mode, an internal 4pA current source pulls 
the driver enable pin HIGH if left open. The RS485 
receiver has a 4pA current source at the noninverting 
input. If both the RS485 receiver inputs are open, the 
output is a high state. Both the current sources are 
disabled in the EIA562 mode. 

For LTC1 335, a logic LOW at the OE pin enables all the 
receiver outputs and a logic HIGH disables all the 
receiver outputs. An internal 4pA current source pulls 
the OE pin LOW if left open. 

A loopback mode enables internal connections from 
driver outputs to receiver inputs for self-test when the 
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LB pin has a LOW logic state. The driver outputs are not 
isolated from the external loads. This allows transmitter 
verification under the loaded condition. An internal 4pA 
current source pulls the LB pin HIGH if left open and 
disables the loopback configuration. 

EIA562/RS485 Applications 

EIA562 and RS485 output levels are supported when 
LTC1 321 /LTC1 322/LTC1 335 are powered from ±5V sup- 
plies. The LTC1 321/LTC1 322 require the Vdd and Vcc pins 
to be tied together and connected to 5 V supply (Figure 1 3). 
The Vdd and Vcc are connected internally and brought out 
at Vcc Pin in the LTC1335. The unloaded outputs will 
swing from - 5V to 5V in EIA562 mode, and from OV to 5 V 
in RS485 mode. 

RS232/RS485 Applications 

If true RS232-compatible outputs are required, the 
LTC1321/LTC1322 may be used with the Vpo and Vee 
supply voltages increased to provide the additional signal 
swing. To meet RS232, Vcc must be between 6.5V and 
10V, and Vee must be between -6.5V and -10V. Vcc 
remains connected to 5 V. If only +1 2 V supplies are avail- 
able, inexpensive Zener diodes (Z1 and Z2) may be con- 
nected in series with Vdd and Vee supply pins as shown in 
Figure 14. An optional 16V Zener diode between Vcc and 
Vee is recommended to keep the maximum voltage be- 
tween Vcc and Vee within safe limits. 

LocalTalk^/AppleTalk® Applications 

The LTC1321/LTC1 322/LTC1335 can be used to provide 
AppleTalk/LocalTalk-compatible signals in RS485 mode. 
Figure 15 shows one half of an LTC1335 connected to an 
LTC1320 AppleTalk transceiver in a typical LocalTalk 
configuration. Figure 1 6 shows a typical direct-wire con- 
nection with the LTC 1335 as the DCE transceiver and the 
LTC1 320 as the DTE transceiver. The LTC1 321/LTC1 322/ 
LTC1 335 RS485 mode is capable of meeting all AppleTalk 
protocol specifications. 



Figure 13. EIA562/RS485 Interfaces with ±5V Supplies 


V + 

12V 



Figure 14. RS232/RS485 interfaces with 5V, ±12V Supplies 


LocalTalkand AppleTalkare registered trademarks of Apple Computer, Inc. 
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1321/22/35 F15 


Figure 15. Apple LocalTalk Implemented Using 
LTC1320 and LTC1335 Transceivers 
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typical appiicotiohs 

Atypical E1A562/RS232 interface application is shown in 
Figure 17 with LTC1 322. Atypical EIA562 interface appli- 
cation with LTC1335 is shown in Figure 18. 

A typical connection for RS485 transceiver is shown in 
Figure 1 9. Atwisted pair of wires connects up to 32 drivers 


and receivers for half duplex multi-point data transmis- 
sion. The wires must be terminated at both ends with 
resistors equal to the wire’s characteristic impedance, 
generally 1 200. An optional shield around the twisted pair 
helps to reduce unwanted noise and should be connected 
to ground at one end. 


1/2 LTC1322 


1/2 LTC1322 


1/2 LTC1335 


DR IN 
DR IN 
RX OUT 
RX OUT 




1 8 EIA562/ 3 1 

Lk 




fea 

10 INTERFACE 5 



11 LINES 4 



RX OUT 
RX OUT 



DR IN 
DR IN 
RX OUT 
RX OUT 
OV 



■ RX OUT 

■ RX OUT 

■ DR IN 

■ DR IN 


OE = OV 


Figure 17. Typical Connection for EIA562/RS232 Interface 


Figure 18. Typical Connection for EIA562 Interface 


1/2 LTC1322/LTC1335 1/2 LTC1 322/LTC1 335 



DR ENABLE 5 V 

Figure 19. Typical Connection for RS485 Interface 
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A typical twisted pair line repeater is shown in Figure 21. 
As data transmission rate drops with increased cable 
length, repeater can be inserted to improve transmission 
rate or to transmit beyond 4000 feet limit. 


Atypical RS422 connection shown in Figure 20 allows one 
driver and ten receivers on a twisted pair of wires termi- 
nated with a 100& resistor at one end. The ground shield 
is optional. 



5V 



1/2 LTC1 322/LTC1 335 1321/22/35 m 


Figure 21. Typical Cable Repeater for RS422 Interface 
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The LTC1 322/LTC1 335 can be used to translate El A562 to 
RS422 interface level or vice versa as shown in Figure 22. 
One port is configured as El A562 transceiver and the other 
as RS485 transceiver. The LTC1322 can also support 
RS232 to RS422 level translation if Vqd is between 6.5V 
and 10V, and Vee is between -6.5V and -10V. 


Using two LTC1321/LTC1335 as level translators, the 
EIA562/RS232 interface distance can be extended to 4000 
feet with twisted wires (Figure 23). 


5V 



Figure 22. Typical EIA562/RS232 to RS422 Level Translator 


5V 



TX OUT 

EIA562/RS232* 

RX IN 


1321/22/35 F23 


Figure 23. Typical Cable Extension for EIA562/RS232 Interface 
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SECTION 6— DATA CONVERSION 

INDEX 6-2 

SELECTION GUIDES 6-3 

PROPRIETARY PRODUCTS 

ANALOG TO DIGITAL CONVERTERS 6-7 

L TC1096/L TCI 098, Micropower Sampling 8-Bit Serial I/O A/D Converters 6-8 

L TCI 196/L TC1 198, 8-Bit , SO-8, IMSPSADCs with Auto-Shutdown Options 6-32 

L TC1273/L TC1275/L TCI 276, 12-Bit, 300ksps Sampling A/D Converters with Reference 6-58 

LTC1278, 12-Bit, 500ksps Samplng A/D Converter with Shutdown 6-80 

LTC1282, 3V 140ksps 12-Bit Sampling A/D Converter with Reference 6-95 

LTC1283, 3V Single Chip 10-Bit Data Acquisition System 6-117 

L TC1285/L TCI 288, 3V Micropower 12-Bit A/D Converters in SO-8 Packages 13-39 

L TC1286/L TCI 298, Micropower Sampling 12-Bit A/D Converters in SO-8 Packages 6-140 

LTC1291, Single Chip 12-Bit Data Acquisition System 6-163 

L TC1292/L TCI 297, Single Chip 12-Bit Data Acquisition Systems 6-182 

ANALOG TO DIGITAL CONVERTERS, ENHANCED SECOND SOURCE 

LT574A, Complete 12-Bit A/D Converter 6-205 

DIGITAL TO ANALOG CONVERTERS 6-209 

LTC1257, Complete Single Supply 12-Bit Voltage Output DAC in SO-8 6-210 
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DATA CONVERSION PRODUCTS 


Analog-to-Digital Converters 


Micropower in SO-8 


12 Bits 



Micropower 


3 V Supply in SO-8 


Single Input, Micropower 
LTC1286 (12.5ksps) 

2-Channel MUX, Micropower 
LTC1298 (1 1.1 ksps) 


— Single Input 

LTC1285 (7.5ksps) 

— 2-Channel MUX 

LTC1288 (6.6ksps) 


Serial Output 
with MUX 


— Single Input 

LTC1287 (2.7V Operation, 30ksps) 
LTC1292 (60ksps) 

LTC1297 (50ksps, Auto Shutdown) 

— 2-Channel MUX 

LTC1291 (54ksps) 

— 6-Channel MUX 

LTC1293 (46ksps) 

— 8-Channel MUX 

LTC1290 (50ksps) 

LTC1294 (46ksps) 

LTC1289 (2.7V Operation, 25ksps) 
LTC1296 (46ksps) 


Complete High Speed 
Parallel Output s 

— LTC1272 (250ksps, 7572 Upgrade) 

— LTC1273 (300ksps, OV to 5V Input) 

— LTC1275 (300ksps, ±2.5V Input) 

— LTC1276 (300ksps, ±5V Input) 

— LTC1 278-4 (400ksps, OV to 5V or ±2.5V Input) 

— LTC1 278-5 (500ksps, OV to 5V or ±2.5V Input) 

— LTC1279 (600ksps, OV to 5V or ±2.5V Input) 

— LTC1282 (2.7V Operation, 140ksps) 


Non-Sampling 

I— LT574A (I nd ustry Standard, 25|xs) 



Digital-to-Analog Converters 


10 Bits 


Serial Output 
with MUX 


- Single Input 

LTC1092 (38ksps) 

- 2-Channel MUX 

LTC1091 (31 ksps) 

- 6-Channel MUX 

LTC1093 (26ksps) 

LTC1095 (26ksps, Reference) 

- 8-Channel MUX 

LTC1090 (30ksps) 

LTC1094 (26ksps) 

LTC1283 (3 V Operation, 15ksps) 



12-Bit Serial 


T 


LTC1257 (Single Supply, Vqut- Reference, SO-8; 
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DATA CONVERSION PRODUCTS 


Complete Linear Technology 12-Bit A/D Feature Matrix 




Comparison of Specs and Features 


DEVICE 

TYPE 

SAMPLING 

FREQ 

S/(N + D) 

@ NYQUIST 

INPUT 

RANGE 

POWER 

SUPPLY 

POWER 

DISSIPATION 

LTC1272 

250ksps 

65dB 

0V-5V 

5V 

75mW 

LTC1273 

300ksps 

70dB 

0V-5V 

5 V 

75mW 

LTC1275 

300ksps 

70dB 

±2.5V 

±5V 

75mW 

LTC1276 

300ksps 

70dB 

±5V 

±5V 

75mW 

LTC1 278-4 

400ksps 

70dB 

0V-5V 

or±2.5V 

5V 

or±5V 

75mW 

5mW* 

LTC1 278-5 

500ksps 

70dB 

0V-5V 

or±2.5V 

5V 

or±5V 

75mW 

5mW* 

LTC1279 

600ksps 

70dB 

0V-5V 

or+2.5V 

5 V 

or±5V 

lOOmW 

LTC1282 

140ksps 

68dB 

0V-2.5V 
or ±1.25 V 

3V 

or±3V 

12mW 


*5mW power shutdown with instant wake up 
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DATA CONVERSION PRODUCTS 


Serial I/O 12-Bit A/D Converters 


12-Bit Serial Interface A/D Converter Systems 


Built-In Sample & Hold 
for Single-Ended Conversions 


Can Be Configured for 
Up to 8 Single-Ended 
or 4 Differential Inputs 
or Both Bipolar or 
Single-Ended Operation 


SINGLE-ENDED INPUT 
0VTO5VOR ±5V' 
±15V OVERVOLTAGE RANGE' 


Input Voltage Range 
Extends to Power 
Supply Rails 


A 


12jxs 

Conversion 

Time 

i 


f 


CHO 

Vcc 

CHI 

ACLK 

CH2 

SCLK 

CH3 

Din 

1 CH4 LTC1 290 Dour 

CH5 

CS 

CH6 

REF' 

CH7 

REF’ 

COM 

v~ 

DGND 

AGND 


Low Power CMOS 
Only 6mA Supply Current, 5pA in 
j Power Shutdown (LTC1290) 

— ^- 22(iE 
-JT TANTALUM ft 


/ Single 5V(or3V) 

Supply Operation 

Serial I/O to Processor 

Saves Wires 

Simplifies Isolated Interface 
Interfaces Directly to Most 
Processors 


: TPX 

0.1 jiF ^ 


- Can be Operated Down to 
1.2V (Reference) Full Span 


Comparison of Specs and Features 


Device Type 

Analog Input 
Channels 

Supply 
Voltage (V) 

Sample Rate 
(ksps) 

Number 
of Pins 

Full/Half 
Duplex I/O 

Auto 

Shutdown 

Shutdown 
Status Pin 

LTC1290 

8 

5/±5 

50 

20 

Full 



LTC1291 

2 

5 

54 

8 

Half 



LTC1292 

1 

5 

60 

8 

Half 



LTC1293 

6 

5/±5 

46 

16 

Half 



LTC1294 

8 

5/±5 

46 

20 

Half 



LTC1296 

8 

5/±5 

46 

20 

Half 


X 

LTC1297 

1 

5 

50 

8 

Half 

X 


LTC1287 

1 

3 

30 

8 

Half 



LTC1289 

8 

3/±3 

25 

20 

Full 




Micropower 12-Bit A/D Converters in SO-8 Packages 


12jllW, SO-8 Package, 12-Bit ADC 
Samples at 200Hz and Runs Off a 3V Battery 


World's Lowest Power 12-Bit ADCs 

■ 12-Bit Resolution 

■ 8-Pin SOIC Plastic Package 

■ Low Cost 

■ Low Supply Current: 1 60|oA Typ (LT1 285) 

■ Guaranteed ±3/4LSB Max DNL 

■ Auto-Shutdown to 1 nA Typ 

■ Single Supply 3 V to 6 V Operation 
(LT1 285/88) or 5 V to 9V (LTC1 286/98) 

■ On-Chip Sample-and-Hold 

■ 100(js Conversion Time 

■ Sampling Rates: 12.5ksps (LTC1286) 

ll.lksps (LTC1298) 

■ I/O Compatible with SPI, Microwire, etc. 

■ Differential Inputs (LTC1285, LTC1286) 

■ 2-Channel MUX (LTC1 288, LTC1 298) 



Supply Current vs Sample Rate 
(LTC1285) 



-60|iW 

Power 

Consumption 
at Iksps 


SAMPLE FREQUENCY (kHz) 


TOP VIEW 


V REF d 


X v cc 

+ IN[I 

LTC1285 

X CLK 

-IN [T 

I LTC1286 

:;s 

X DoUT 

GND [T 


J] CS/SHDN 


TOP VIEW 


CS/SHDN \T 
CHO [7 
CHI [T 
GND [T I 


LTC1288 

LTC1298 


XI Vcc 
7] CLK 
X d 0UT 

X Din 


SO-8 Package: 
8-Lead Plastic SOIC 
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DATA CONVERSION PRODUCTS 


8-Bit A/D Converters in 8-Pin SO Packages 


Lowest Power: LTC1096/LTC1098 

■ 80|iA Maximum Supply Current 

■ 1 nA Supply Current in Shutdown 

■ Operate from 2.7V to 9 V Single Supply (LTC1 096/98) 

■ 33ksps Sample Rate (8-Bit) 


Comparison of Specs and Features 


Device 

Type 

Supply Voltage 
Range (V cc ) 

Max Sampling 
Rate (ksps) 

P D (mW)@V cc 
MSR @ fs(MAX) 

Pd @ 1 ksps 
(mW) 

Input 

Range 

LTC1096 

2.7 to 9 

33 

0.6 @ 5V 

0.017 

0V to Vrep 

LTC1098 

2.7 to 6 

33 

0.6 @ 5V 

0.017 

0V to Vcc 

LTC1196 

2.7 to 6 

1000 

55 @ 5V 

40 

0V to Vref 

LTC1198 

2.7 to 6 

750 

55 @ 5V 

0.05 

0V to V cc 


Highest Speed: LTC1196/LTC1198 

■ 8-Bit Resolution 

■ 1 Msps Sample Rate 

■ 1 00ns Sample/Hold Acquisition Time 

■ Single Supply 2.7 V to 6 V Operation 

■ Low Power: 1 0mW at 3 V, 50mW at 5V 

■ Auto-Shutdown to 1 nA (LTC1 1 98) 


TOP VIEW TOP VIEW 


CS/SHDN [7 


IQ V CC CS/SHDN |T 


+IN [2 

! LTC1096 

7] CLK CHO [T 

LTC1098 

-IN \£ 

| LTC1196 

~6~| Dout chi 

LTC1198 

GND [7 


U v REF GND [7 



N8 Package: 8-Lead Plastic DIP 
S8 Package: 8-Lead Plastic SOIC 


10-Bit A/D Converter “Systems on a Chip” 



Representative 
Pin Configurations 

TOP VIEW 
CHO 
CHI 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
COM 
DGND 

N PACKAGE 
20-LEAD PLASTIC DIP 



H Vcc ( V REF) 

7] CLK 
][] °out 
~5~l Dim 


LTC1257: Complete Single Supply 12-Bit Voltage Output DAC in SO-8 Package 


Features 

■ 8-Pin SO Package 

■ Buffered Voltage Output 

■ Built-In 2.048V Reference 

■ 500mV/LSB with 2.048V Full Scale 

■ 1/2 LSB Max DNL Error 

■ Guaranteed 12-Bit Monotonic 

■ Three-Wire Cascadable Serial Interface 

■ Wide Single Supply Range: 

V CC = 4.75V to 15.75V 

■ Low Power: Ice Typ = 350pA 
with 5V Supply 

Applications 

■ Digital Offset/Gain Adjustment 

■ Industrial Process Control 

■ Automatic Test Equipment 


Typical Application 



Differential Nonlinearity 
vs Input Code 




— 

— 

— 

— 





— 
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SECTION 6— DATA CONVERSION 

ANALOG TO DIGITAL CONVERTERS 

L TC1096/L TCI 098, Micropower Sampling 8-Bit Serial I/O A/D Converters 6-8 

LTC1196/LTC1198 , 8-Bit, SO-8, 1MSPS ADCs with Auto-Shutdown Options 6-32 

L TC1273/L TC1275/L TCI 276, 12-Bit, 300ksps Sampling A/D Converters with Reference 6-58 

LTC1278, 12-Bit, 500ksps Samplng A/D Converter with Shutdown 6-80 

LTC1282, 3V 140ksps 12-Bit Sampling A/D Converter with Reference 6-95 

LTC1283, 3V Single Chip 10-Bit Data Acquisition System 6-117 

L TC1285/L TCI 288, 3V Micropower 12-Bit A/D Converters in SO-8 Packages 13-39 

L TC1286/L TCI 298, Micropower Sampling 12-Bit A/D Converters in SO-8 Packages 6-140 

LTC1291, Single Chip 12-Bit Data Acquisition System 6-163 

LTC1292/LTC1297, Single Chip 12-Bit Data Acquisition Systems 6-182 

ANALOG TO DIGITAL CONVERTERS, ENHANCED SECOND SOURCE 
LT574A, Complete 12-Bit A/D Converter 6-205 
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FCATURCS 

■ 80{uA Maximum Supply Current 

■ InA Typical Supply Current in Shutdown 

■ 8-Pin SOIC Plastic Package 

■ Single Supply 3V to 9V Operation 

■ 2.7V and 5V Specified 

■ Sample-and-Hold 

■ 16|os Conversion Time 

■ 33kHz Sample Rate 

■ +1/2LSB Total Unadjusted Error Over Temp 

■ Direct 3-Wire Interface to Most MPU Serial Ports and 
All MPU Parallel I/O Ports 

applicatiors 

■ Battery-Operated Systems 

■ Remote Data Acquisition 

■ Battery Monitoring 

■ Battery Gas Gauges 

■ Temperature Measurement 

■ Isolated Data Acquisition 


LTC 1 096/ LTG 1 098 

Micropower Sampling 
8-Bit Serial I/O A/D Converters 

DCSCRIPTIOn 

The LTC1 096/LTC1 098 are micropower, 8-bit A/D con- 
verters which draw only 80pA of supply current when 
converting. They automatically power down to 1 nA typical 
supply current whenever they are not performing conver- 
sions. They are packaged in 8-pin SO packages and 
operate on 3V to 9 V supplies. These 8-bit, switched- 
capacitor, successive approximation ADCs include sample- 
and-hold. The LTC1096 has a single differential analog 
input. The LTC1 098 offers a software selectable 2-channel 
MUX. 

On-chip serial ports allow efficient data transfer to a wide 
range of microprocessors and microcontrollers overthree 
wires. This, coupled with micropowerconsumption, makes 
remote location possible and facilitates transmitting data 
through isolation barriers. 

These circuits can be used in ratiometric applications or 
with an external reference. The high impedance analog 
inputs and the ability to operate with reduced spans 
(below IV full scale) allow direct connection to sensors 
and transducers in many applications, eliminating the 
need for gain stages. 

All grades are specified with offset and linearity errors of 
±0.5LSB maximum over temperature. The A grade de- 
vices are specified with total unadjusted error of ±0.5LSB 
maximum over temperature. 


TYPICAL RPPUCRTIOR 

lOjuW, S-8 Package, 8-Bit A/D 
Samples at 200Hz and Runs Off a 3V Battery 


IkiF 


JCS/ 

1 SHUTDOWN 
ANALOG INPUT — l+IN 

LTC 1096 

OV TO 3V RANGE — -IN DquT 


.D 


Vcc 

CLK 


GND 


Vref 


3 V 


MPU 

(e.g., 8051) 
PI .4 
PI .3 
PI .2 


LTC1 096/8 -TA01 



0.1 1 10 100 
SAMPLE FREQUENCY, f swlPL (kHz) 

LTC1096/98 • TPC03 
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LT C 1 096/ LT C 1 098 


nfisoiuTC mnximum rrtirgs (Notes 1 and 2) 


Supply Voltage (Vcc) to GND 12V 

Voltage 

Analog and Reference -0.3V to Vcc + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Outputs -0.3V to Vcc + 0.3V 

Power Dissipation 500mW 


Operating Temperature 
LTC1 096/LTC1 098AC, 

LTC1 096/LTC1 098C 0°C to 70°C 

Storage Temperature Range -65°c to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG6/ORDCR IRFORfflRTIOR (Notes 3) 


Lb/ ly 
SHUTD0WN L-L- 
+ IN [7 
-IN [T 
GND [T 


N8 PACKAGE 
8-LEAD PLASTIC DIP 



S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax = 150°C, 0j A = 130°C/W (N8) 
Tjmax - 1 50°C, 0 JA = 175°C/W (S8) 


ORDER PART 
NUMBER 


TOP VIEW 


ORDER PART 
NUMBER 

cs/ it 

SHUTDOWN LL 
CH0 (T 

CHI [? 
GND [T 


a] v CC(Vref> 

~ T \ CLK 

XI °0UT 

~5~1 D| N 

LTC1096ACN8 

LTC1096CN8 

LTC1096ACS8 


LTC1098ACN8 

LTC1098CN8 

LTC1098ACS8 

LTC1096CS8 

N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

LTC1098CS8 

S8 PART MARKING 

Tjmax = 
Tjmax = 



S8 PART MARKING 

1096A 

1096 

Idu u, OJA - iou W«v 

1 50°C, 0 JA = 175°C/W (S8) 

1098A 

1098 


Consult factory for Industrial and Military grade parts. 


R€commenD€D opcrrtirg corditiors 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP MAX 

UNITS 

Vcc 

Supply Voltage 

LTC1096 

2.7 

9 

V 



LTC1098 

2.7 

6 

V 


Vcc = 5V Operation 


fCLK 

Clock Frequency 

Vcc = 5 V 

25 

500 

kHz 

tCYC 

Total Cycle Time 

LTC1096, fcLK = 500kHz 

29 


ITS 



LTC1098, fCLK = 500kHz 

29 


MS 

thDI 

Hold Time, Din After CLKT 

Vcc = 5V 

150 

ns 

tsuCS 

Setup Time CSl Before First CLKT (See Operating Sequence) 

Vcc = 5V, LTC1096 

500 


ns 



Vcc = 5V, LTC1098 

500 


ns 

tWAKEUP 

Wakeup Time CSl Before First CLKl After First CLKt 
(See Figure 1 LTC1096 Operating Sequence) 

V CC = 5V, LTC1096 

10 

|TS 


Wakeup Time CSl Before MSBF Bit CLKl 
(See Figure 2 LTC1098 Operating Sequence) 

V CC = 5V, LTC1098 

j 

10 

ps 

tsuDI 

Setup Time, Stable Before CLKt 

V CC = 5V 

400 

ns 

tWHCLK 

CLK High Time 

Vcc = 5V 

0.8 

MS 

tWLCLK 

CLK Low Time 

Vcc = 5V 

0.8 

MS 

tWHCS 

CS High Time Between Data Transfer Cycles 

Vcc = 5 V 

1 

MS 

tWLCS 

CS Low Time During Data Transfer 

LTC1 096, fcLK = 500kHz 

28 


MS 



LTC1 098, fcLK = 500kHz 

28 


MS 
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LT C 1 096/ LTC 1 098 


ft€comm€nD€D opcrrtirg commons 


SYMBOL 1 PARAMETER [ CONDITIONS | MIN TYP MAX | UNIT! 

V C c = 2.7V Operation 


fCLK 

Clock Frequency 

Vcc = 2.7V 

25 

250 

kH 

tCYC 

Total Cycle Time 

LTC1096, fCLK = 250kHz 

58 


!■* 



LTC1098, fCLK = 250kHz 

58 


1 ^ 

thDi 

Hold Time, Din After CLKT 

Vcc = 2.7V 

450 

n: 

tsuCS 

Setup Time CST Before First CLKT (See Operating Sequence) 

Vcc = 2.7V, LTC1 096 

1 


V 



Vcc = 2.7V, LTC1 098 

1 


V 

tWAKEUP 

Wakeup Time CST Before First CLKi After First CLKT 
(See Figure 1 LTC1096 Operating Sequence) 

V CC = 2.7V, LTC1 096 

10 

V 


Wakeup Time CSi Before MSBF Bit CLKi 
(See Figure 2 LTC1098 Operating Sequence) 

V CC = 2.7V, LTC1 098 

10 


tsuDI 

Setup Time, Dim Stable Before CLKT 

V CC = 2.7V 

1 

f* 

tWHCLK 

CLK High Time 

Vcc = 2.7V 

1.6 


tWLCLK 

CLK Low Time 

Vcc = 2.7V 

1.6 

t* 

tWHCS 

CS High Time Between Data Transfer Cycles 

Vcc = 2.7V 

2 


tWLCS 

CS Low Time During Data Transfer 

LTC1096, fcLK = 250kHz 

56 




LTC1098, fCLK = 250kHz 

56 




COflVCRTCR ROD mULTIPL€X€fi CHARACTERISTICS 

Vqc = 5V, Vref = 5V, ffl.K = 500kHz, unless otherwise noted. 


PARAMETER 

CONDITIONS 

LTC1 096A/LTC1 098A 

MIN TYP MAX 

LTC1 096/LTC1 098 

MIN TYP MAX 

UNIT 

Resolution (No Missing Code) 


# 

8 

8 

Bil 

Offset Error 


• 

±0.5 

±0.5 

LS 

Linearity Error 

(Note 4) 

• 

±0.5 

±0.5 

LS 

Full Scale Error 


• 

±0.5 

±1.0 

LS 

Total Unadjusted Error (Note 5) 

V REF = 5.000V 

• 

±0.5 

±1.0 

LS 

Analog Input Range 

(Notes 6 and 7) 


-0.05V to V cc + 0.05V 


REF Input Range (Notes 6 and 7) 

4.5<V CC <6V 

6V<V cc <9V,LTC1096 


-0.05V to V CC + 0.05V 
-0.05V to 6V 


Analog Input Leakage Current 

(Note 8) 

• 

±1.0 

±1.0 

H 


Vcc = 2.7V, Vref = 2.5V, Jclk = 250kHz, unless otherwise noted. 


PARAMETER 

CONDITIONS 

LTC1 096A/LTC1 098A 

MIN TYP MAX 

LTC1 096/LTC1 098 

MIN TYP MAX 

UNIT 

Resolution (No Missing Code) 


• 

8 

8 

Bi 

Offset Error 


• 

±0.5 

±1.0 

LS 

Linearity Error 

(Notes 4 and 9) 

• 

±0.5 

±1.0 

LS 

Full Scale Error 



±0.5 

±1.0 

LS 

Total Unadjusted Error (Notes 5 and 9) 

V REF = 2.500V 


±1.0 

±1.5 

LS 

Analog Input Range 

(Notes 6 and 7) 


-0.05V to V cc + 0.05V 


REF Input Range (Notes 6, 7, and 9) 

2.7<V CC <6V 


-0.05V to V cc + 0.05V 


Analog Input Leakage Current 

(Notes 8 and 9) 

• 

±1.0 

±1.0 
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LT C 1 096/ LT C 1 098 


DIGITAL ADD DC CLCCTAICAL CHARACTERISTICS 


Vqc = 5V, Vref = 5V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

Vcc = 5.25V 

• 

2.0 

V 

V|L 

Low Level Input Voltage 

V CC = 4.75V 


0.8 

V 

IlH 

High Level Input Current 

V|N = Vcc 

• 

2.5 

pA 

IlL 

Low Level Input Current 

V|N = OV 

• 

-2.5 

pA 

VoH 

High Level Output Voltage 

V CC = 4.75V, l 0 = lOpA 

• 

4.5 4.74 

V 



lo = 360pA 

• 

2.4 4.72 

V 

VOL 

Low Level Output Voltage 

V cc = 4.75V, lo = 1-6mA 

• 

0.4 

V 

loz 

Hi-Z Output Leakage 

CS > Vih 


±3.0 

pA 

Source 

Output Source Current 

Vout = OV 


-25 

mA 

•sink 

Output Sink Current 

Vout = Vcc 


45 

mA 

•ref 

Reference Current 

CS = V CC 

• 

0.001 2.5 

pA 



tcYc - 200ps, fcLK - 50kHz 

• 

3.500 7.5 

pA 



tcYC = 29ps, fcLK = 500kHz 


35.00 50.0 

pA 

•cc 

Supply Current 

CS = V cc 

• 

0.001 3.0 

pA 



LTC1096, tcYc ^ 200ps, fcLK - 50kHz 

• 

40 80 

pA 



LTC1096, t CY c = 29ps, f CL K = 500kHz 

• 

120 180 

pA 



LTC1 098, t CY c ^ 200ns, f CL K ^ 50kHz 

• 

.. ... | 

44 88 

pA 



LTC1 098, t CY c = 29ps, f CL K = 500kHz 

• 

155 230 

pA 


Vcc = 2.7V, V REF = 2.5V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V| H 

High Level Input Voltage 

Vcc = 3.6V 


1.9 

V 

V|L 

Low Level Input Voltage 

V CC = 2.7V 

# 

0.45 

V 

•iH 

High Level Input Current (Note 9) 

V|N = Vcc 

• 

2.5 

pA 

•iL 

Low Level Input Current (Note 9) 

Vim = OV 

• 

-2.5 

pA 

VOH 

High Level Output Voltage 

V cc = 2.7V, lo = 10pA 

• 

2.3 2.69 

V 



lo = 360pA 

• 

2.1 2.64 

V 

VOL 

Low Level Output Voltage 

Vcc = 2.7V, l Q = 400pA 

• 

0.3 

V 

•oz 

Hi-Z Output Leakage (Note 9) 

CS > Vih 

• 

±3.0 

pA 

•source 

Output Source Current (Note 9) 

Vout = OV 


-10 

mA 

•sink 

Output Sink Current (Note 9) 

Vout = v cc 


15 

mA 

•ref 

Reference Current (Note 9) 

o 

o 

> 

II 

ICO 

lo 

• 

0.001 2.5 

pA 



tcYC ^ 200ps, fcLK ^ 50kHz 

• 

3.500 7.5 

pA 



t C YC = 58ps, f CL K = 250kHz 

• 

35.00 50.0 

pA 

•cc 

Supply Current (Note 9) 

o 

o 

> 

II 

ICO 

lo 


0.001 3.0 

pA 



LTC1096, tcYC ^ 200ps, fcLK - 50kHz 

• 

40 80 

pA 



LTC1096, t CY c = 58ps, f CL K = 250kHz 

• 

120 180 

pA 



LTC1 098, t CY c > 200ms, f C u< < 50kHz 

• 

44 88 

pA 



LTC1098, t CYC = 58ps, f CL K = 250kHz 

• 

155 230 

pA 
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LT C 1 096/ LTC 1 098 


AC CHAAACTCAISTICS 

Vcc = 5V, Vref = 5V, feu = 500kHz, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

1 MIN TYP 

MAX 

UNITS 

tSMPL 

Analog Input Sample Time 

See Operating Sequence 


1.5 

CLK Cycles 

fSMPL(MAX) 

Maximum Sampling Frequency 


• 

33 

kHz 

tcONV 

Conversion Time 

See Operating Sequence 


8 

CLK Cycles 

tdDO 

Delay Time, CLKi to D 0 ut Data Valid 

See Test Circuits 

• 

200 

450 

ns 

tdis 

Delay Time, CST to D 0 ut Hi-Z 

See Test Circuits 

• 

170 

450 

ns 

fen 

Delay Time, CLKi to Dout Enable 

See Test Circuits 

• 

60 

250 

ns 

thDO 

Time Output Data Remains Valid After CLKi 

Cload = 10 °pF 


180 | 

ns 

tf 

D 0 ut Fall Time 

See Test Circuits 

• 

70 

250 

ns 

tr 

Dout Rise Time 

See Test Circuits 

• 

25 

100 

ns 

C|N 

Input Capacitance 

Analog Inputs On Channel 


25 


PF 



Off Channel 


5 


PF 



Digital Input 


5 


PF 


Vcc = 2.7V, V REF = 2.5V, Iclk = 250kHz, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

fSMPL 

Analog Input Sample Time 

See Operating Sequence 



CLK Cycles 

fsMPL(MAX) 

Maximum Sampling Frequency 


• 

16.5 

kHz 

tcONV 

Conversion Time 

See Operating Sequence 


8 

CLK Cycles 

tdDO 

Delay Time, CLKi to Dout Data Valid 

See Test Circuits (Note 9) 

• 

500 

1000 

ns 

tdis 

Delay Time, CST to Dqut Hi-Z 

See Test Circuits (Note 9) 

• 

220 

800 

ns 

fen 

Delay Time, CLKi to Dout Enable 

See Test Circuits (Note 9) 

• 

160 

480 

ns 

thDO 

Time Output Data Remains Valid After CLKi 

Cload = 100pF 


400 

ns 

tf 

Dout Fall Time 

See Test Circuits (Note 9) 

• 

70 

250 

ns 

tr 

Dout Rise Time 

See Test Circuits (Note 9) 

• 

50 

150 

ns 

C| N 

Input Capacitance 

Analog Inputs On Channel 


25 


PF 



Off Channel 


5 


PF 



Digital Input 


5 


PF 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to GND. 

Note 3: For the 8-lead plastic DIP, consult the factory. 

Note 4: Linearity error is specified between the actual and points of the 
A/D transfer curve. 

Note 5: Total unadjusted error includes offset, full scale, linearity, 
multiplexer and hold step errors. 

Note 6: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below GND or one diode drop above Vcc. This spec allows 50mV forward 


bias of either diode for 2.7V < Vcc < 5.5V. This means that as long as the 
reference or analog input does not exceed the supply voltage by more than 
50mV, the output code will be correct. To achieve an absolute OV to 5 V 
input voltage range will therefore require a minimum supply voltage of 
4.950V over initial tolerance, temperature variations and loading. For 5.5V 
< Vcc < 9 V, reference and analog input range cannot exceed 5.55V. If 
reference and analog input range are greater than 5.55V, the output code 
will not be guaranteed to be correct. 

Note 7: The supply voltage range for the LTC1096 is from 2.7V to 9V, but 
the supply voltage range for the LTC1098 is only from 2.7V to 6V. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: These specifications are either correlated from 5 V specifications or 
guaranteed by design. 
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MAGNITUDE OF OFFSET CHANGE (LSB = 1/256 


LTC 1 096/ LTC 1098 


typical PCRFonmnncc chrractcristics 


Supply Current vs Clock Rate 
for Active and Shutdown Modes 


Supply Current vs Supply Voltage 
Active and Shutdown Modes 



1 10 100 
FREQUENCY (kHz) 


LTC1096/98 • TPC01 



1 2 3 4 5 

REFERENCE VOLTAGE (V) 

LTC1096/98 • TPC04 


Change in Linearity vs 
Supply Voltage 








Lt/ 

1 — 1 — 1 — 1 
k = 25°C J 


j 





Vref = 

2.5V I 
100kHz I 













N, 



















— 










l_J 










1 










1 



"1 










! 







123456789 10 
SUPPLY VOLTAGE, V C c (V) 

LTC1 096/98 -TPC07 


’ 20 
0.001 
0 


Ta 

Vre 

= 25° 
F = 2 

C 

5V 















y 



"ACT 

IVE" 

i/IOD 

cs 

> 

> 





> 










3HUT 

DOW 

N” M( 

DDE C 

is = v 

r cc 



l r □ 


0123456789 
SUPPLY VOLTAGE, V cc (V) 

LTC 1096/98 • TPC02 


Change in Offset vs 
Supply Voltage 



0.5 

0.4 

0.3 

§j 0.2 

S 0.1 
< 

! 0 

S -o.i 

1 - 0.2 

-0.3 

-0.4 

-0.5 








Ta 

1 1 1 

= 25°C J 







~V REF = 
Fm = 

2.5 V | 

100kHz 



- 



— 



— 





































! 




































j 



Supply Current vs Sample 
Frequency LTC1096 



0.1 1 10 100 
SAMPLE FREQUENCY, f SM PL (kHz) 

LTC1096/98 *TPC03 

Change in Linearity vs 
Reference Voltage LTC1096 


01 23456789 10 

SUPPLY VOLTAGE, V cc (V) 

LTC1 096/98 *TPC05 

Change in Gain vs Supply Voltage 



REFERENCE VOLTAGE (V) 

LTC1 096/98 • TPC06 


Change in Gain vs 
Reference Voltage LTC1096 





T A = 2 
V CC = 

f clk = 

5°C 

5 V 

500kHz 

















1 23456789 10 

SUPPLY VOLTAGE, V cc (V) 

LTCt 096/98 *TPC08 


1 2 3 4 5 

VOLTAGE REFERENCE (V) 

LTC1 096/98 • TPC09 
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MAXIMUM CLOCK FREQUENCY* (MHz) 


LT C 1 096/ LTC 1 098 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Maximum Clock Frequency vs 
Source Resistance 



1 10 100 
•^SOURCE - (kfl) 

LTC1 096/98 -TPC10 


Wakeup Time vs Supply Voltage 



SUPPLY VOLTAGE, V CC (V) 


LTC1096/98 *TPC13 


Maximum Clock Frequency vs 
Supply Voltage 



Minimum Wakeup Time 
vs Source Resistance 




o i i i i i i i i i i i 

-60-40 -20 0 20 40 60 80 100 120 140 


TEMPERATURE (°C) 

* Maximum CLK frequency represents the clock frequency at which , 
transition from its 0.75MHz value is first detected. 



0 I I 1— U.I.LLLI 1 L .JLLLI JJ.I 

1 10 100 
FREQUENCY (kHz) 


LTC 1 096/98 -TPC 17 

1 0.1 LSB shift in the error at any code 


t As the CLK frequency is decreased from 500kHz, minimum CLK frequency (Aerror < 0.1 LSB) represents 
the frequency at which a 0.1 LSB shift in any code transition from its 500kHz value is first detected. 


Digital Input Logic Threshold 
vs Supply Voltage 



SUPPLY VOLTAGE, V C c (V) 


LTC1096/98 • TPC12 


Input Channel Leakage Current 
vs Temperature 



-60-40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (°C) 

LTC1 096/98 • TPC1 5 


FFT Plot 


o 

-10 

-20 

-30 

co 

S- 40 
| -50 
^ -60 
< -70 


-90 

-100 






T 

A = 25°C 

CC = V REF = 5V 
= 31 ,25kHz _ 
N = 5.8kHz 





V 

fc 





f 




























i 



I 


|L 

1 

jB 

rjtjjtjj 

iff 

ijtij 

H 

1 i k 

III 

H 

m 

■ 

ill 

i 

Ji 

gill 

H 

ll 

lit 


0 2 4 6 8 10 12 14 16 

FREQUENCY (kHz) 


LTC1 096/98 * TPC1 8 
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LTC1096/LTC1098 


pm Functions 


LTC1096 


# 

PIN 

FUNCTION 

DESCRIPTION 

1 

CS/SHUTDOWN 

Chip Select Input 

A logic low on this input enables the LTC1096. A logic high on this input disables the 
LTC1096 and disconnects the power to LTC1 096. 

2 

IN + 

Analog Input 

This input must be free of noise with respect to GND. 

3 

ir 

Analog Input 

This input must be free of noise with respect to GND. 

4 

GND 

Analog Ground 

GND should be tied directly to an analog ground plane. 

5 

Vref 

Reference Input 

The reference input defines the span of the A/D converter and must be kept free of noise 
with respect to GND. 

6 

Dout 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

7 

CLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

8 

Vcc 

Power Supply Voltage 

This pin provides power to the A/D converter. It must be kept free of noise and ripple by 
bypassing directly to the analog ground plane. 


LTC1098 


# 

PIN 

FUNCTION 

DESCRIPTION 

1 

CS/SHUTDOWN 

Chip Select Input 

A logic low on this input enables the LTC1098. A logic high on this input disables the 
LTC1098 and disconnects the power to LTC1098. 

2 

CHO 

Analog Input 

This input must be free of noise with respect to GND. 

3 

CHI 

Analog Input 

This input must be free of noise with respect to GND. 

4 

GND 

Analog Ground 

GND should be tied directly to an analog ground plane. 

5 

Din 

Digital Data Input 

The multiplexer address is shifted into this input. 

6 

Dout 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

7 

CLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

8 

Vcc(Vref) 

Power Supply and 

Reference Voltage 

This pin provides power and defines the span of the A/D converter. It must be kept free of 
noise and ripple by bypassing directly to the analog ground plane. 



BLOCK DIBGRBm 


V CC (Vcc/Vref) cs (Dim) CLK 



GND V REF PIN NAMES IN PARENTHESES 

REFER TO THE LTC1 098 
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LTC1096/LTC1098 


T€ST CIRCUITS 

On and Off Channel Leakage Current Load Circuit for t(joo> t r and tf 



1.4V 



TEST POINT 


LTC1 096/98 • TC02 


Voltage Waveforms for Oqut Delay Time, t^oo 


Voltage Waveforms for Dout Rise and Fall Times, t r , tf 




Load Circuit fortes and t en 


Voltage Waveforms for t^s 



TEST POINT 



NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 
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LT C 1 096/ LTC 1 098 



nppucfflions ifiFonmnnon 

OVERVIEW 

The LTC1 096 and LTC1 098 are 8-bit micropower, switched- 
capacitor A/D converters. These sampling ADCs typically 
draw lOOpA of supply current when sampling at 33kHz. 
Supply currentdrops linearly as the sample rate is reduced 
(see Supply Current vs Sample Rate on page 1 ). The ADCs 
automatically power down when not performing conver- 
sion, drawing only leakage current. They are packaged in 
8-pin SO packages. The LTC1096 operates on a single 
supply ranging from 2.7V to 9 V while the LTC1 098 oper- 
ates from 2.7V to 6 V supplies. 

Both the LTC1096 and the LTC1098 comprise an 8-bit, 
switched-capacitor ADC, a sample-and-hold, and a serial 
port (see Block Diagram). Although they share the same 


basic design, the LTC1096 and LTC1098 differ in some 
respects. The LTC1 096 has a differential input and has an 
external reference input pin. It can measure signals float- 
ing on a DC common mode voltage and can operate with 
reduced spans down to 250mV. Reducing the span allows 
it to achieve 1 mV resolution. The LTC1 098 has a 2-channel 
input multiplexer and can convert either channel with 
respect to ground or the difference between the two. 

SERIAL INTERFACE 

The LTC1098 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
4-wire serial interface while the LTC1096 uses a 3-wire 
interface (see Operating Sequence in Figure 1 and 2). 
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LT C 1 096/ LTC 1 098 


RppucOTions mFORmnnon 


Power Down and Wake-Up Time 

The LTC1 096/LTC1 098 draw power when the CS pin is low 
and shut themselves down when that pin is high. In order 
to have a correct conversion result, a 1 0ps wake-up time 
must be provided from CS falling to the first falling clock 
(CLK) after the first rising CLK for the LTC1 096 and from 
CS falling to the MSBF bit CLK falling for the LTC1 098 (see 
Operating Sequence). If the LTC1 096/LTC1 098 are run- 
ning with clock frequency less than or equal to 1 00kHz, the 
wake-up time is inherently provided. 

Example 


-%AKEUP - 


CS 


Dout - 


\* — t su — ►) 


1 


NULL BIT | B7 


CS 


CASE 1 . Timing Diagram 

-tWAKEUP J 


— *j I** - *su 

p: 


— 1 0ps— 


Two cases are shown at right to illustrate the relationship d °ut i 

among wake-up time, setup time and CLK frequency for 

the LT1 096. CASE 2. Timing Diagram 


In Case 1 the clock frequency is 100kHz. One clock cycle 
is lOps which can be the wake-up time, while half of that 
can be the setup time. In Case 2 the clock frequency is 
50kHz, half of the clock cycle plus the setup time (=1ps) 
can be the wake-up time. If the CLK frequency is higher 
than 100kHz, Figure 1 shows the relationship between the 
wakeup time and setup time. 


The wakeup time is inherently provided for the LTC1098 
with setup time = Ips (see Figure 2). 

Data Transfer 

The CLK synchronizes the data transfer with each bit being 
transmitted on the falling CLK edge and captured on the 
rising CLK edge in both transmitting and receiving sys- 


-tCYC~ 


cs 


“L 


■ POWER , 
DOWN I 


L 


CLK ' 


— tsuCS — 
-tWAKEUP - 


jirumnjirijirir 


Dout 


! NULL 
BIT I 


I B7 |B6 | B5 | B4 | B3 | B2 | B1 
(MSB) 


- tCONV - 


CS 

CLK 


d out 


1 



4 tsuCS - 

** tWAKEUP 


tCYC 


DOWN 

rLTLrmnr^^ 



* AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW, THE ADC WILL OUTPUT ZEROS INDEFINITELY. 

Figure 1. LTC1096 Operating Sequence 
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LT C 1 096/ LT C 1 098 


nppucnnons mFOftmnnon 

MSB-FIRST DATfl(MSBF = 1) 


-tCYC - 


CS 


1 


-tWAKEUP - 


.POWER. 

down "h 


L 


tsuCS “*"1 


<- ODD/ 

START SIGN 


Din 


Dout 


SGL/ 

DIFF 


tSMPL- 


' DON'T CARE ^ 




NULL | 1 

1 BIT | B7 I 
I (MSB) 


B5 | B4 | B3 |_B2J B1 
- tcONV *“ 


MSB-FIRST DATA (MSBF = 0) 


-tCYC- 


CS L 


1 


f* %AKEUP - 


J^l 




tsuCS “►! h“ ODD/ 

START SIGN 


SGL/ 

DIFF 


Dout 


tSMPL- 


NULLi 1 1 1 

] BIT B7 B6 B5 B4 B3 B2 B1 i BO B1 B2 B3 B4 B5 B6 B7* L " 


(MSB) 


- tC0NV - 


* AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW, THE ADC WILL OUTPUT ZEROS INDEFINITELY. 

Figure 2. LTC1098 Operating Sequence Example: Differential Inputs (CH + , CH _ ) 


terns. The LTC1098 first receives input data and then 
transmits back the A/D conversion result (half duplex). 
Because of the half duplex operation, Dim and Dout maybe 
tied together allowing transmission over just 3 wires: CS, 
CLK and DATA (D| N /D 0 ut)- 

Data transfer is initiated by afalling chip select (CS) signal. 
After CS falls the LTC1098 looks for a start bit. After the 
start bit is received, the 3-bit input word is shifted into the 
Dim input which configures the LTC1098 and starts the 
conversion. After one null bit, the result of the conversion 
isoutput on the Dout line. At the end of the data exchange 
CS should be brought high. This resets the LTC1098 in 
preparation for the next data exchange. 


cs ”l I I n 



1 NULL BIT SHIFT A/D CONVERSION 
RESULT OUT 

LTC1096/98 • AI01 

The LTC1 096 does not requirea configuration input word 
and has no Dim pin. A falling CS initiates data transfer as 
shown in the LTC1 096 operating sequence. After CS falls, 
the first CLK pulse enables Dout- After one null bit, the 
A/D conversion result is output on the Dout line. Bringing 
CS high resets the LTC1 096 for the next data exchange. 
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LT C 1 096/ LTC 1 098 


AppucOTions mFonmnnon 

Input Data Word 

The LTC1096 requires no Dim word. It is permanently 
configured to have a single differential input. The conver- 
sion result, in which output on the Dqut line is MSB first 
sequence, followed by LSB sequence providing easy inter- 
face to MSB or LSB first serial ports. 

The LTC1098 clocks data into the Dim input on the rising 
edge of the clock. The input data words are defined as 
follows: ________ 


START 

SGL/ 

DIFF 

ODD/ 

SIGN 

MSBF 


MUX MSB FIRST/ 
ADDRESS LSB FIRST 


The first “logical one” clocked into the Dim input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1098 will ignore all leading zeros which 
precede this logical one. After the start bit is received, the 
remaining bits of the input word will be clocked in. Further 
inputs on the Dim pin are then ignored until the next CS 
cycle. 

Multiplexer (MUX) Address 

The bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For 
a given channel selection, the converter will measure the 
voltage between the two channels indicated by the + and 
- signs in the selected row of the following tables. In 
single-ended mode, all input channels are measured with 
respect to GND. 

LTC1098 Channel Selection 


Single-ended MUX mode 


Differential MUX mode: 


MSB First/LSB First 

The output data of the LTC1098 is programmed for 
MSB first or LSB first sequence using the MSBF bit. 
When the MSBF bit is a logical one, data will appear on 
the Dout line in MSB first format. Logical zeros will be 
filled in indefinitely following the last data bit. When the 


MUX ADDRESS 

sgl/dTff odd/sign 

CHANNEL # 

0 1 

GND 

1 0 

+ 

- 

1 1 

+ 

- 

0 0 

+ 

_ 


0 1 

- 

+ 



LTC1096/8-W03 

(MSBF) 


MSBF bit is a logical zero, LSB first data will follow the 
normal MSB first data on the Dqut line, (see Operating 
Sequence) 

Unipolar Transfer Curve 

The LTC1 096/LTC1 098 are permanently configured for 
unipolar only. The input span and code assignment for 
this conversion type are shown in the following figures. 


Unipolar Transfer Curve 



LTC109G/8 * AI04 


Unipolar Output Code 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(V REF = 5.000V) 

11111111 

Vref-ILSB 

4.9805V 

11111110 

VREF-2LSB 

4.9609V 

00000001 

1LSB 

0.0195V 

00000000 

OV 

OV 


LTC1096/8* /U05 


Operation with D| N and Dout Tied Together 

The LTC1098 can be operated with Dim and Dqut tied 
together. This eliminates one of the lines required to 
communicatetothe microprocessor (MPU). Data is trans- 
mitted in both directions on a single wire. The processor 
pin connected to this data line should be configurable as 
either an input or an output. The LTC1 098 will take control 
of the data line and drive it low on the 4th falling CLK edge 
after the start bit is received (see Figure 3). Therefore the 
processor port line must be switched to an input before 
this happens, to avoid a conflict. 

In the Typical Applications section, there is an example of 
interfacing the LTC1 098 with Din and Dqut tied togetherto 
the Intel 8051 MPU. 
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LTC1096/LTC1098 


nppucnnons mFonmnnon 

cs 1 


1 2 


CLK 


MSBF BIT LATCHED 
BY LTC1098 

J 

3 4 



DATA (D||\|/Dout) 


^ START SGL/DIFF 




V 

MPU CONTROLS DATA LINE AND SENDS 
MUX ADDRESS TO LTC1098 


LTC1098 CONTROLS DATA LINE AND SENDS 
A/D RESULT BACK TO MPU 


PROCESSOR MUST RELEASE — ►! 
DATA LINE AFTER 4TH RISING CLK 1 
AND BEFORE THE 4TH FALLING CLK 


h«— LTC1098 TAKES CONTROL OF DATA LINE 
1 ON 4TH FALLING CLK 


LTC1-96/8 • F03 


Figure 3. LTC1098 Operation with and Dq UT Tied Together 


ACHIEVING MICROPOWER PERFORMANCE 

With typical operating currents of 40joA and automatic 
shutdown between conversions, the LTC1 096/LTC1 098 
achieves extremely low power consumption over a wide 
range of sample rates (see Figure 4). In systems that 
convert continuously, the LTC1 096/LTC1 098 will draw its 
normal operating power continuously. Figure 5 shows 
that the typical current varies from 40jliA at clock rates 
below 50kHz to 1 0OjoA at 500kHz. Several things must be 
taken into account to achieve such a low power consump- 
tion. 



0.1 1 10 100 
SAMPLE FREQUENCY, f SMPL (kHz) 

LTC 1096/98 • TPC03 

Figure 4. Automatic Power Shutdown Between Conversions 
Allows Power Consumption to Drop with Sample Rate. 

Shutdown 

Figures 1 and 2 show the operating sequence of the 
LTC1 096/LTC1 098. The converter draws power when the 



Figure 5. After a conversion, when the microprocessor drives 
CS high, the ADC automatically shuts down until the next 
conversion. The supply current, which is very low during 
conversions, drops to zero in shutdown. 

CS pirns low and powers itself down when that pin is high. 
If the CS pin is not taken to ground when it is low and not 
taken to supply voltage when it is high, the input buffers of 
the converter will draw current. This current may be larger 
than the typical supply current. It is worthwhile to bring the 
CS pin all the way to ground when it is low and all the way 
to supply voltage when it is high to obtain the lowest 
supply current. 

When the CS pin is high (= supply voltage), the converter 
is in shutdown mode and draws only leakage current. The 
status of the Dug and CLK input have no effect on supply 
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LTC 1 096/ LTC 1098 


nppucnTions mFonmnnon 

current during this time. There is no need to stop Din and 
CLK with CS = high, except the MPU may benefit. 

Minimize CS Low Time 

In systems that have significant time between conver- 
sions, lowest powerdrain will occur with the minimum CS 
low time. Bringing CS low, waiting 1 0ps for the wake up 
time, transferring data as quickly as possible, and then 
bringing it back high will result in the lowest current drain. 
This minimizes the amount of time the device draws 
power. Even though the device draws more power at high 
clock rates, the net power is less because the device is on 
for a shorter time. 

Dour Loading 

Capacitive loading on the digital output can increase 
power consumption. A lOOpF capacitor on the Dout pin 
can more than double the 1 0OpA supply current drain at a 
500kHz clock frequency. An extra 1 0OpA or so of current 
goes into charging and discharging the load capacitor. The 
same goes for digital lines driven at a high frequency by 
any logic. The CxVxf currents must be evaluated and the 
troublesome ones minimized. 

Lower Supply Voltage 

Another wayto lowerthe powerconsumption is to operate 
these two ADCs on a single 2.7V supply. The supply 
current is reduced by 30% compared to that on a 5 V 
supply and the power consumption is 60% lower than that 
on a 5V supply (see typical curve of Supply Current vs 
Supply Voltage). 

OPERATING ON OTHER THAN 5V SUPPLIES 

The LTC1096 operates from 2.7V to 9 V supplies and the 
LTC1098 operates from 2.7 V to 6 V supplies. To operate 
the LTC1 096/LTC1 098 on other than 5 V supplies, a few 
things must be kept in mind. 

Wake Up Time 

A lOps wake up time must be provided for the ADCs to 
convert correctly on a 5 V supply. The wake up time is 
typically less than 3ps over the supply voltage range (see 
typical curve of Wake Up Time vs Supply Voltage). With 


lOps wake up time provided over the supply range, the 
ADCs will have adequate time to wake up and acquire input 
signals. 

Input Logic Levels 

The input logic levels of CS, CLK and D| N are made to meet 
TTL on 5 V supply. When the supply voltage varies, the 
input logic levels also change. For these two ADCs to 
sample and convert correctly, the digital inputs have to 
meet logic low and high levels relative to the operating 
supply voltage (see typical curve of Digital Input Logic 
Threshold vs Supply Voltage). If achieving micropower 
consumption is desirable, the digital inputs must go rail- 
to-rail between supply voltage and ground (see ACHIEV- 
ING MICROPOWER PERFORMANCE section). 

Clock Frequency 

The maximum recommended clock frequency is 500kHz 
for the LTC1 096/LTC1 098 running off a 5V supply. With 
the supply voltage changing, the maximum clock fre- 
quency for the devices also changes (see the typical curve 
of Maximum Clock Rate vs Supply Voltage). If the maxi- 
mum clock frequency is used, care must be taken to 
ensure that the device converts correctly. 

Mixed Supplies 

It is possible to have a microprocessor running off a 5V 
supply and communicate with the LTC1 096/LTC1 098 
operating on 3 V or 9V supplies. The requirement to 
achieve this is that the outputs of CS, CLK and Din from the 
MPU have to be able to trip the equivalent inputs of the 
ADCs and the output of Dout from the ADCs must be able 
to toggle the equivalent input of the MPU (see typical curve 
of Digital Input Logic Threshold vs Supply Voltage). With 
the LTC1 096 operating on a 9V supply, the output of Dout 
may go between OV and 9 V. The 9 V output may damage 
the MPU running off a 5V supply. The way to get around 
this possibility is to have a resistor divider on Dout (Figure 
6) and connect the center point to the MPUJnput. It should 
be noted that to get full shutdown, the CS input of the 
LTC1 096/LTC1 098 must be driven to the Vcc voltage. This 
would require adding a level shift circuit to the CS signal 
in Figure 6. 


6-22 


rruvm. 

TECHNOLOGY 





LT C 1 096/ LTC 1 098 


nppucmions inFORmnnon 


9V 



LTC1096 


Figure 6. Interfacing a 9V Powered LTC1096 to a 5V System 
BOARD LAYOUT CONSIDERATIONS 


with smaller 0.1 pF surface mount or ceramic bypass 
capacitors. All analog inputs should be referenced directly 
to the single point ground. Digital inputs and outputs 
should be shielded from and/or routed away from the 
reference and analog circuitry. 

SAMPLE-AND-HOLD 

Both the LTC1096 and the LTC1098 provide a built-in 
sample-and-hold (S&H) function to acquire signals. The 
S&H of the LTC1 096 acquires input signals from “+” input 
relative to input during the twAKEUptime ( see Figure 1 ). 
However, the S&H of the LTC1098 can sample input 
signals in the single-ended mode or in the differential 
inputs during the tsMPL tine (see Figure 7). 


Grounding and Bypassing 

The LTC1 096/LTC1 098 should be used with an analog 
ground plane and single point grounding techniques. The 
GND pin should be tied directly to the ground plane. 

The Vcc pin should be bypassed to the ground plane with 
a Ifjf tantalum with leads as short as possible. If power 
supply is clean, the LTC1 096/LTC1 098 can also operate 


Single-Ended Inputs 

The sample-and-hold of the LTC1098 allows conversion 
of rapidly varying signals. The input voltage is sampled 
during the tsMPL time as shown in Figure 7. The sampling 
interval begins as the bit preceding the MSBF bit is shifted 
in and continues until the falling CLK edge after the MSBF 
bit is received. On this falling edge, the S&H goes into hold 
mode and the conversion begins. 


SAMPLE HOLD 



V INPUT 



INPUT 



LTC1 096/8 * F07 


Figure 7. LTC1098 “+” and Input Settling Windows 
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Differential Inputs 

With differential inputs, the ADC no longer converts just a 
single voltage but rather the difference between two volt- 
ages. In this case, the voltage on the selected “+” input is 
still sampled and held and therefore may be rapidly time 
varying just as in single-ended mode. However, the volt- 
age on the selected input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing operation may not be per- 
formed accurately. The conversion time is 8 CLK cycles. 
Therefore, a change in the input voltage during this 
interval can cause conversion errors. For a sinusoidal 
voltage on the input this error would be: 

VeRROR (MAX) = Vpeak X 2 X 71 X f(“-”) X 8/fcLK 

Where f(“— ”) is the frequency of the input voltage, 
Vpeak is its peak amplitude and fcLK is the frequency of the 
CLK. In most cases Verror will not be significant. For a 
60Hz signal on the input to generate a 1/4LSB error 
(5mV) with the converter running at CLK = 500kHz, its 
peak value would have to be 750mV. 

ANALOG INPUTS 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1096/ 
LTC1098 have capacitive switching input current spikes. 
These current spikes settle quickly and do not cause a 
problem. However, if large source resistances are used or 
if slow settling op amps drive the inputs, care must be 
taken to insure that the transients caused by the current 
spikes settle completely before the conversion begins. 

“+” Input Settling 

The input capacitor of the LTC1096 is switched onto “+” 
input during the wake up time (see Figure 1 ) and samples 
the input signal within that time. However, the input 
capacitor of the LTC1 098 is switched onto “+" input during 
the sample phase (tsMPb see Figure 7). The sample phase 
is 1 1/2 CLK cycles before conversion starts. The voltage 
on the “+” input must settle completely within twAKEUP or 
tsMPLE for the LTC1096 or the LTC1098 respectively. 
Minimizing Rsource + and Cl will improve the input set- 
tling time. If a large “+” input source resistance must be 


used, the sample time can be increased by using a slower 
CLK frequency. 

Input Settling 

At the end of the %akeup ° r tsMPL. the input capacitor 
switches to the input and conversion starts (see 
Figures 1 and 7). During the conversion, the “+” input 
voltage is effectively “held” by the sample-and-hold and 
will not affect the conversion result. However, it is critical 
that the input voltage settles completely during the 
first CLK cycle of the conversion time and be free of noise. 
Minimizing RsouRCE _ar| dC2 will improve settling time. If 
a large input source resistance must be used, the time 
allowed for settling can be extended by using a slower CLK 
frequency. 

Input Op Amps 

When driving the analog inputs with an op amp it is 
important that the op amp settle within the allowed time 
(see Figure 7). Again, the“+” and input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps, including the LT 1 006 and 
LT1 41 3 single supply op amps, can be made to settle well 
even with the minimum settling windows of 3pis (“+” 
input) which occur at the maximum clock rate of 500kHz. 

Source Resistance 

The analog inputs of the LTC1 096/LTC1 098 look like a 
25pF capacitor (Cin) in series with a 500L2 resistor (Ron) 
as shown in Figure 8. Cin gets switched between the 
selected “+” and inputs once during each conversion 
cycle. Large external source resistors and capacitances 
will slow the settling of the inputs. It is important that the 



Figure 8. Analog input Equivalent Circuit 
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overall RC time constants be short enough to allow the 
analog inputs to completely settle within the allowed time. 

RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 9. For large values of Cp (e.g., IpF), the 
capacitive input switching currents are averaged into a net 
DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is 
approximately Iqc = 25pF x Vjw/tcYC and is roughly 
proportional to V in. When running at the minimum cycle 
time of 29gs, the input current equals 4.3pA at Vin = 5V. 
In this case, a filter resistor of 3900 will cause 0.1 LSB of 
full-scale error. If a larger filter resistor must be used, 
errors can be eliminated by increasing the cycle time. 


LTC1Q98 


Figure 9. RC Input Filtering 
Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum 
input leakage specification of IpA (at 125°C) flowing 
through a source resistance of 3.9k will cause a voltage 
drop of 3.9mV or 0.2LSB. This error will be much reduced 
at lowertemperatures because leakage drops rapidly (see 
typical curve of Input Channel Leakage Current vs Tem- 
perature). 

REFERENCE INPUTS 

The voltage on the reference input of the LTC1 096 defines 
the voltage span of the A/D converter. The reference input 
transient capacitive switching currents due to the switched- 
capacitor conversion technique (see Figure 10). During 
each bit test of the conversion (every CLK cycle), a 
capacitive current spike will be generated on the reference 
pin by the ADC. These current spikes settle quickly and do 
not cause a problem. 


Rfilter .1™ 

Vin “■VW* 


Cfilter 

i n 


Using a slower CLK will allow more time for the reference 
to settle. Even at the maximum CLK rate of 500kHz most 
references and op amps can be made to settle within the 
2gs bit time. 



Figure 10. Reference Input Equivalent Circuit 

Reduced Reference Operation 

The minimum reference voltage of the LTC1 098 is limited 
to 2.7V because the Vcc supply and reference are inter- 
nally tied together. However, the LTC1096 can operate 
with reference voltages below IV. 

The effective resolution of the LTC1096 can be increased 
by reducing the input span of the converter. The LTC1 096 
exhibits good linearity and gain over a wide range of 
reference voltages (see typical curves of Linearity and Full 
Scale Error vs Reference Voltage). However, care must be 
taken when operating at low values of Vref because of the 
reduced LSB step size and the resulting higher accuracy 
requirement placed on the converter. The following fac- 
tors must be considered when operating at low Vref 
values. 

1. Offset 

2. Noise 

3. Conversion speed (CLK frequency) 

Offset with Reduced Vref 

The offset of the LTC1 096 has a larger effect on the output 
code when the ADC is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vqs- For example, 
a Vos °f 2mV which is 0.1 LSB with a 5 V reference 
becomes 0.5LSB with a IV reference and 2.5LSBs with a 
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0.2V reference. If this offset is unacceptable, it can be 
corrected digitally by the receiving system or by offsetting 
the input of the LTC1096. 

Noise with Reduced Vref 

The total input referred noise of the LTC1096 can be 
reduced to approximately 1 mV peak-to-peak using a ground 
plane, good bypassing, good layout techniques and mini- 
mizing noise on the reference inputs. This noise is insig- 
nificant with a 5 V reference but will become a larger 
fraction of an LSB as the size of the LSB is reduced. 

For operation with a 5 V reference, the 1 mV noise is only 
0.05LSB peak-to-peak. In this case, the LTC1096 noise 
will contribute virtually no uncertainty to the output 
code. However, for reduced references, the noise may 
become a significant fraction of an LSB and cause 
undesirable jitter in the output code. For example, with 
a IV reference, this same 1 mV noise is 0.25LSB peak-to- 
peak. This will reduce the range of input voltages over 
which a stable output code can be achieved by 1 LSB. If 
the reference is further reduced to 200mV, the ImV 
noise becomes equal to 1 .25LSBs and a stable code may 
be difficult to achieve. In this case averaging readings 
may be necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vqc, V RE f or Vin) will add 
to the internal noise. The lower the reference voltage to be 
used, the more critical it becomes to have a clean, noise 
free setup. 

Conversion Speed with Reduced Vref 

With reduced reference voltages, the LSB step size is 
reduced and the LTC1096 internal comparator over- 
drive is reduced. Therefore, it may be necessary to 
reduce the maximum CLK frequency when low values 
of Vref are used. 

Input Divider 

It is OK to use an input divider on the reference input of the 
LTC1096 as long as the reference input can be made to 
settle within the bit time at which the clock is running. 
When using a larger value resistor divider on the reference 


input the input should be matched with an equivalent 
resistance. 

Bypassing Reference Input with Divider 

Bypassing the reference input with a divider is also pos- 
sible. Howevercare must be takento make sure thatthe DC 
voltage on the reference input will not drop too much 
below the intended reference voltage. 

AC PERFORMANCE 

Two commonly used figures of merit for specifying the 
dynamic performance of the ADCs in digital signal pro- 
cessing applications are the Signal-to-Noise Ratio (SNR) 
and the “effective number of bits (ENOB). 

Signal-to-Noise Ratio 

The Signal-to-Noise Ratio (SNR) is the ratio between the 
RMS amplitude of the fundamental input frequency to the 
RMS amplitude of all other frequency components at the 
A/D output. This includes distortion as well as noise 
products and for this reason it is sometimes referred to 
as Signal-to-Noise + Distortion [S/(N + D)]. The output is 
band limited to frequencies from DC to one half the 
sampling frequency. Figure 11 shows spectral content 
from DC to 15.625kHz which is 1/2 the 31.25kHz sam- 
pling rate. 



LTC1096/8 • F11 


Figure 11 . This clean FFT of an 11.8kHz input shows remarkable 
performance for an ADC that draws only lOOpA when sampling at 
the 31.25kHz rate. 
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Effective Number of Bits 

The effective number of bits (ENOBs) is a measurement of 
the resolution of an A/D and is directly related to the 
S/(N + D) by the equation: 

ENOB = [S/(N + D) -1 ,76]/6.02 

where S/(N + D) is expressed in dB. At the maximum 
sampling rate of 33kHz the LTC1 096 maintains 7.5 ENOBs 
or better to 40kHz. Above 40kHz the ENOBs gradually 
decline, as shown in Figure 1 2, due to increasing second 
harmonic distortion. The noise floor remains approxi- 
mately 70dB. 


^SAMPLE 

= 31 .25k 

Hz 


^ 





































0 1 1 L _J L. 

0 20 40 

INPUT FREQUENCY (kHz) 


Figure 12. Dynamic Accuracy is Maintained Up to an Input 
Frequency of 40kHz 
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MICROPROCESSOR INTERFACES 

The LTC1 096/LTC1 098 can interface directly (without 
external hardware to most popular microprocessor (MPU) 
synchronous serial formats (see Table 1). If an MPU 
without a dedicated serial port is used, then 3 or 4 of the 
MPU's parallel port lines can be programmed to form the 
serial link to the LTC1 096/LTC1 098. Included here is one 
serial interface example and one example showing a 
parallel port programmed to form the serial interface. 

Motorola SPI (MC68HC05C4,CM68HC11) 

The MC68HC05C4 has been chosen as an example of 
an MPU with a dedicated serial port. This MPU transfer 
data MSB first and in 8-bit increments. With two 8-bit 
transfers, the A/D result is read into the MPU. The first 
8-bit transfer sends the D^ word to the LTC1 098 and 
clocks into the processor. The second 8-bit transfer 
clocks the A/D conversion result, B7 through BO, into 
the MPU. 

ANDing the first MUP received byte with OOHex clears the 
first byte. Notice how the position of the start bit in the first 
MPU transmit word is used to position the A/D result right 
justified in two memory locations. 


Table 1. Microprocessor with Hardware Serial Interfaces 
Compatible with the LTC1 096/LTC1 098 


PART NUMBER 

TYPE OF INTERFACE 

Motorola 

MC6805S2,S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 

CDP68HC05 

SPI 

Hitachi 

HD6305 

SCI Synchronous 

HD63705 

SCI Synchronous 

HD6301 

SCI Synchronous 

HD63701 

SCI Synchronous 

HD6303 

SCI Synchronous 

HD64180 

CSI/0 

National Semiconductor 

COP400 Family 

MICROWIRE 1 

COP800 Family 

MICROWIRE/PLUS 1 

NS8050U 

MICROWIRE/PLUS 

HPC16000 Family 

MICROWIR/PLUS 

Texas Instruments 

TMS7002 

Serial Port 

TMS7042 

Serial Port 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 

TMS3201 1 * 

Serial Port 

TMS32020 

Serial Port 


* Requires external hardware 
f MICROWIRE and MICROWIRE/PLUS are trademarks of 
National Semiconductor Corp. 
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Data Exchange Between LTC1098 and MC68HC05C4 


START 

BIT 


MPU TRANSMIT 
WORD 


BYTE 1 


□ 

□ 

□ 

E 

SGL/ 

DIFF 

ODD/ 

SIGN 

MSBF 

□ 


BYTE 2 (DUMMY) 

XXXXXXXX 
X = DON'T CARE 


cs ~ 


r 


Din 


SGL/ ODD/ , 
DIFF SIGN * 




77 777 777/ 
, DON'T CARE 


Dqut ■ 


MPU RECEIVED 
WORD 


jinmruijrin iriuiruiiirirL 

l_T“ B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO 


??????? 0 


H 

B6 

B5 

B4 

B3 

B2 

: i 

B1 

BO 


-2ND TRANSFER - 


Hardware and Software Interface to Motorola MC68HC05C4 


ANALOG 

INPUTS 






( 

CS 


CO 


CLK 


SCK 


LTC1098 


MC68HC05C4 


Din 


MISO 


Dqut 


MOSI 


LTC1 096/8 -AI04 


D out from LTC1098 Stored in MC68HC05C4 


LOCATION A 

LOCATION A + 1 


0 

0 

0 

0 

0 

□ 

0 

0 

LSB 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


BYTE 1 

BYTE 2 


LTC1096/8 • TA05 


LABEL 

MNEMONIC 

COMMENTS 

START 

BCLRn 

Bit 0 Port C goes low (CS goes low) 


LDA 

Load LTC1098 D !N word into Acc. 


STA 

Load LTC1098 Din word into SPI from Acc. 
Transfer begins. 


TST 

Test status of SPIF 


BPL 

Loop to previous instruction if not done 
with transfer 


LDA 

Load contents of SPI data register 
into Acc. (Dqut MSBs) 


STA 

Start next SPI cycle 


AND 

Clear the first Dout word 


STA 

Store in memory location A (MSBs) 


TST 

Test status of SPIF 


BPL 

Loop to previous instruction if not done 
with transfer _ 


BSETn 

Set BO of Port C (CS goes high) 


LDA 

Load contents of SPI data register into 

Acc. (Dout LSBs) 


STA 

Store in memory location A + 1 (LSBs) 


Interfacing to the Parallel Port of the INTEL 8051 
Family 

The Intel 8051 has been chosen to demonstrate the 
interface between the LTC1098 and parallel port micro- 
processors. Normally the CS, CLK and Dim signals would 
be generated on 3 port lines and the Dout signal read on 
a 4th port line. This works very well. However, we will 


demonstrate here an interface with the D iN and Dout of the 
LTC1 098 tied togetheras described in the SERIAL INTER- 
FACE section. This saves one wire. 

The 8051 first sends the start bit and MUX address to the 
LTC1 098 over the data line connected to PI .2. Then PI .2 
is reconfigured as an input (by writing to it a one) and the 
8051 reads back the 8-bit A/D result over the same data 
line. 
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ANALOG 

INPUTS 



CS 


PI .4 


LTC1098 n CLK 


H2 M51 


Dout 

_T « 



Din 

1 MUX ADDRESS 



A/D RESULT 

LTC1096/8*TA06 


Dqut FROM LTC1098 STORED IN 8051 RAM 


MSB LSB 


B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


LTC1 096/8 *TA07 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


MOV 

A, #FFH 

DiNWord for LTC1098 


SETB 

PI .4 

Make sure CS is high 


CLR 

PI .4 

CS goes low 


MOV 

R4, #04 

Load counter 

LOOP 1 

RLC 

A 

Rotate D| N bit into Carry 


CLR 

PI .3 

CLK goes low 


MOV 

P1.2.C 

Output Dim bit to LTC1098 


SETB 

PI .3 

CLK goes high 


DJNZ 

R4, LOOP 1 

Next bit 


MOV 

PI, #04 

Bit 2 becomes an input 


CLR 

PI .3 

CLK goes low 


MOV 

R4, #09 

Load counter 

LOOP 

MOV 

C, PI .2 

Read data bit into Carry 


RLC 

A 

Rotate data bit into Acc. 


SETB 

PI .3 

CLK goes high 


CLR 

PI .3 

CLK goes low 


DJNZ 

R4, LOOP 

Next bit 


MOV 

R2, A 

Store MSBs in R2 


SETB 

PI .4 

CS goes high 



A “Quick Look” Circuit for the LTC1096 

Users can geta quick look at the function and timing of the 
LT1096 by using the following simple circuit (Figure 13). 
Vref is tied to Vcc- Viw is applied to the + IN input and the 
-IN input is tied to the ground. CS is driven at 1/16 the 
clock rate by the 74C161 and D 0 ut outputs the data. The 
output data from the Dout pin can be viewed on an 
oscilloscope that is set up to trigger on the falling edge of 
CS (Figure 14). Note the LSB data is partially clocked out 
before CS goes high. 

Figure 15 shows a temperature measurement system. The 
LTC1096 is connected directly to the low cost silicon 
temperature sensor. The voltage applied to the Vref pin 
adjusts the full scale of the A/D to the output range of the 


sensor. The zero point of the converter is matched to the 
zero output voltage of the sensor by the voltage on the 
LTC1096’s negative input. 


4.7liF 5V 



>— 4 CLOCK IN 150kHz ltcio96/ 8 -fi3 


TO OSCILLOSCOPE 


Figure 13. “Quick Look” Circuit for the LTC1096 
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cs 


CLK 


d out 


NULL MSB LSB LSB DATA 

BIT (B7) (BO) (B1) 

VERTICAL: 5V/DIV 
HORIZONTAL: IOms/DIV 

Figure 14. Scope Trace the LTC1096 “Quick Look” Circuit 
Showing A/D Output 10101010 (AA H ex) 



3V 



LTC1096/8 • F15 


Figure 15. The LTC1 096’s high impedance input connects 
directly to this temperature sensor, eliminating signal 
conditioning circuitry in this 0°C to 70°C thermometer. 


Remote or Isolated Systems 

Figure 16 shows a floating system that sends data to a 
grounded host system. The floating circuitry is isolated by 
two opto-isolators and powered by a simple capacitor 
diode charge pump. The system has very low power 
requirements because the LTC1096 shuts down between 
conversions and the opto-isolators draw power only when 
data is being transferred. The system consumes only 
50pA at a sample rate of 1 0Hz (1 ms on-time and 99ms off- 
time). This is easily within the current supplied by the 
charge pump running at 5MHz. If a truly isolated system 
is required, the system’s low power simplifies generating 
an isolated supply or powering the system from a battery. 

A/D Conversion for 3V Systems 

The LTC1 096/LTC1 098 are ideal for 3V systems. Figure 1 7 
shows a 3 V to 6 V battery current monitor which draws 
only 70pA from the battery it monitors. The battery current 
is sensed with the 0.02a resistor and amplified by the 
LT1178. The LTC1096 digitizes the amplifier output and 
sends it to the microprocessor in serial format. The 
LT1004 provides the full scale reference for the A/D. The 
other half of the LTC1 178 is used to provide low battery 
detection. The circuit’s 70pA supply current is dominated 
by the op amps and the reference. The circuit can be 
located near the battery and data transmitted serially to the 
microprocessor. 


FLOATING SYSTEM 



Figure 16. Power for this floating A/D system is provided by a simple capacitor diode charge pump. The two opto-isolators draw no 
current between samples, turning on only to send the clock and receive data. 
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0.1 fj.F 



Figure 17. This OA to 2A Battery Current Monitor Draws Only 70jaA from a 3V Battery 


rrwm 

TECHNOLOGY 


6-31 





/Turm 

JlbkaafP TECHNOLOGY 


LTC1196/LTC1198 


F€flTUR€S 

■ High Sampling Rates: 1MHz (LTC1196) 

750kHz (LTC1198) 

■ Low Cost 

■ SO-8 Plastic Package 

■ Single Supply 3V and 5 V Specifications 

■ Low Power: lOmW at 3V Supply 

50mW at 5V Supply 

■ Auto-Shutdown: InA Typical (LTC1198) 

■ +1/2LSB Total Unadjusted Error over Temperature 

■ 3-Wire Serial I/O 

■ 1Vto5V Input Span Range (LTC1 196) 

■ Converts 1 MHz Inputs to 7 Effective Bits 

■ Differential Inputs (LTC1196) 

■ 2-Channel MUX (LTC1 198) 

nppucnnons 

■ High Speed Data Acquisition 

■ Disk Drives 

■ Portable or Compact Instrumentation 

■ Low Power or Battery-Operated Systems 


8-Bit, SO-8, 1 MSPS ADCs with 
Auto-Shutdown Options 

D€SCRIPTIOn 

The LTC1 1 96/LTC1 1 98 are 600ns, 8-bit A/D converters 
with sampling rates up to 1 MHz. They are offered in 8-pin 
SO packages and operate on 3V to 6 V supplies. Power 
dissipation is only 1 0mW with a 3V supply or 50mW with 
a 5 V supply. The LTC1 1 98 automatically powers down to 
atypical supply current of 1 nA whenever it is not perform- 
ing conversions. These 8-bit switched-capacitor succes- 
sive approximation ADCs include sample-and-holds. The 
LTC1196 has a differential analog input; the LTC1198 
offers a software selectable 2-channel MUX. 

The 3-wire serial I/O, SO-8 packages, 3 V operation and 
extremely high sample rate-to-power ratio make these 
ADCs an ideal choice for compact, high speed systems. 

These ADCs can be used in ratiometric applications or with 
external references. The high impedance analog inputs 
and the ability to operate with reduced spans below 1 V full 
scale (LTC1 1 96) allow direct connection to signal sources 
in many applications, eliminating the need for gain stages. 

The A grade devices are specified with total unadjusted 
error of ±1/2LSB maximum over temperature. 


TVPICfll flPPUCOTIOn 


Single 5V Supply, 1MSPS, 8-Bit Sampling ADC 


Effective Bits and S/(N + D) vs Input Frequency 
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LTC1196/LTC1198 


rbsoiutc mnximum nminGs (Not .si , 2) 


Supply Voltage (Vcc) to GND 7 V 

Voltage 

Analog Reference -0.3V to Vcc + 0.3V 

Digital Inputs -0.3V to 7 V 

Digital Outputs -0.3V to Vcc + 0.3V 

Power Dissipation 500mW 


Operating Temperature Range 
LTC1 196-1 AC, LTC1 198-1 AC, LTC1196-1BC, 
LTC1 198-1 BC, LTC1 196-2AC, LTC1198-2AC, 


LTC1196-2BC, LTC1198-2BC 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmRTIOn 


TOP VIEW 



S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax - 1 50°C, e JA = 175°C/W 


ORDER PART 
NUMBER* 



TOP VIEW 


ORDER PART 
NUMBER* 

LTC1 1 96-1 ACS8 
LTC1 196-1 BCS8 
LTC1 1 96-2ACS8 
LTC1 1 96-2BCS8 

LTC1 1 98-1 ACS8 
LTC1 1 98-1 BCS8 
LTC1 1 98-2ACS8 
LTC1 1 98-2BCS8 

cs/ (T 

SHUTDOWN ^ 
CHO [Y 

CHI [Y 
GND [T 



XI V CC(Vref) 

T\ CLK 

X3 °OUT 

XI °IN 

S8 PART MARKING 

S8 PACKAGE 

8-LEAD PLASTIC SOIC 

S8 PART MARKING 

1961 A 





1981 A 

1961 B 





1 981 B 

1962A 

Tjmax = 

150°C, 9j A =175°C/W 

1982A 

1962B 





1982B 



* Parts available in N8 package. Consult factory for N8 samples. 
Consult factory for Industrial and Military grade parts. 


R€COmm€RD€D OPCRRTIRG CORDITIORS 





LTC1 196-1 

LTC1 196-2 





LTC1 198-1 

LTC1 198-2 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

UNITS 

Vcc 

Supply Voltage 

| 

2.7 6 

2.7 6 

V 


V C c = 5V Operation 


fCLK 

Clock Frequency 


• 

0.01 14.4 

0.01 12.0 

0.01 12.0 

0.01 9.6 

MHz 

MHz 

tCYC 

Total Cycle Time 

LTC1196 

LTC1198 


12 

16 

12 

16 

CLK 

CLK 

tSMPL 

Analog Input Sampling Time 



2.5 

2.5 

CLK 

thCS 

Hold Time CS Low After Last CLKt 



10 

13 

ns 

tsuCS 

Setup Time CST Before First CLKt 
(See Figures 1, 2) 



20 

26 

ns 

thDI 

Hold Time D, N After CLKt 

LTC1198 


20 

26 

ns 
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LTC1196/LTC1198 


R€commcnD€D op€Rrtirg conDinons 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1196-1 

LTC1198-1 

MIN TYP MAX 

LTC1 196-2 

LTC1 198-2 

MIN TYP MAX 

UNITS 

fsuDI 

Setup Time Stable Before CLKt 

LTC1198 


20 

26 

ns 

tWHCLK 

CLK High Time 

fcLK = fCLK(MAX) 


40% 

40% 

1/fCLK 

tWLCLK 

CLK Low Time 

fCLK = f CLK(MAX) 


40% 

40% 

1/fCLK 

tWHCS 

CS High Time Between Data Transfer Cycles 



25 

32 

ns 

tWLCS 

CS Low Time During Data Transfer 

LTC1196 


11 

11 

CLK 



LTC1198 


15 

15 

CLK 


CORV€RT€R RRD mULTIPL€X€R CHRRRCTCRISTICS 

V cc = 5V, Vref = 5V, fcLK = fcLK(MAX) as defined in Recommended Operating Conditions, unless otherwise noted. 


PARAMETER 

CONDITIONS 


LTC1196-XA 

LTC1198-XA 

MIN TYP MAX 

LTC1196-XB 

LTC1198-XB 

MIN TYP MAX 

UNITS 

No Missing Codes Resolution 


• 

8 

8 

Bits 

Offset Error 


• 

±1/2 

±1 

LSB 

Linearity Error 

(Note 3) 

• 

±1/2 

±1 

LSB 

Full-Scale Error 


• 

±1/2 

±1 

LSB 

Total Unadjusted Error (Note 4) 

LTC1196, V REF = 5.000V 

LTC1198, V cc = 5.000V 

• 

±1/2 

±1 

LSB 

Analog and REF Input Range 

LTC1196 


-0.05V to V cc + 0.05V 

V 

Analog Input Leakage Current 

(Note 5) 

• 

±1 

±1 

MA 


DIGITAL RRD DC CLCCTRICRL CHARACTCRISTICS 

Vcc = 5V, Vref = 5V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

Vcc = 5.25V 

• 

2.0 

V 

V |L 

Low Level Input Voltage 

V CC = 4.75V 

• 

0.8 

V 

1 IH 

High Level Input Current 

< 

2 

II 

< 

O 

O 

• 

2.5 

mA 

■ IL 

Low Level Input Current 

V| N = ov 


-2.5 

mA 

VOH 

High Level Output Voltage 

V CC = 4.75V, Io = 10mA 

• 

4.5 4.74 

V 



V CC = 4.75V, l 0 = 360|iA 

• 

2.4 4.71 

V 

VOL 

Low Level Output Voltage 

V cc = 4.75V, l 0 = 1.6mA 

• 

0.4 

V 

>oz 

Hi-Z Output Leakage 

CS = High 

• 

±3 

mA 

■source 

Output Source Current 

Vqut = 0V 


-25 

mA 

■sink 

Output Sink Current 

VOUT = V CC 


45 

mA 

■ref 

Reference Current, LTC1196 

CS = V cc 

• 

0.001 3 

MA 



fSMPL = fsMPL(MAX) 

• 

0.5 1 

mA 

■cc 

Supply Current 

CS = Vcc. LTC1198 (Shutdown) 

• 

0.001 3 

MA 



CS = V cc , LTC1196 

• 

7 15 

mA 



fsMPL = fSMPL(MAX), LTC1 1 96/LTC1 1 98 

• 

11 20 

mA 
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LTC1196/LTC1198 


Dvnnmic accuracy 

Vqc = 5V, Vr E f = 5V, feu = fcLK(MAX) as defined in Recommended Operating Conditions, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1196 

MIN TYP MAX 

LTC1198 

MIN TYP MAX 

UNITS 

S/(N + D) 

Signal-to-Noise Plus Distortion 

500kHz/1MHz Input Signal 


47/45 

47/45 

dB 

THD 

Total Harmonic Distortion 

500kHz/1 MHz Input Signal 


49/47 

49/47 

dB 


Peak Harmonic or Spurious Noise 

500kHz/1MHz Input Signal 


55/48 

55/48 

dB 

IMD 

Intermodulation Distortion 

fiNi = 499.37kHz, 
f | N2 = 502.446kHz 


51 

51 

dB 


Full Power Bandwidth 



8 

8 

MHz 


Full Linear Bandwidth [S/(N + D) > 44dB] 



1 

1 

MHz 


AC CHARACTERISTICS 

Vqc = 5V, Vref = 5V, fcLK = fcLK(MAX) as defined in Recommended Operating Conditions, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 196-1 

LTC1 198-1 

MIN TYP MAX 

LTC1 196-2 

LTC1 198-2 

MIN TYP MAX 

UNITS 

tC0NV 

Conversion Time (See Figures 1, 2) 



600 

710 

ns 




• 

710 

900 

ns 

3 

_j 

Q- 

1 

Maximum Sampling Frequency 

LTC1196 


1.20 

1.00 

MHz 



LTC1196 

• 

1.00 

0.80 

MHz 



LTC1198 


0.90 

0.75 

MHz 



LTC1198 

• 

0.75 

0.60 

MHz 

tdDO 

Delay Time, CLKT to Dout Data Valid 

Cload = 20pF 


55 64 

68 78 

ns 




• 

73 

94 

ns 

*DIS 

Delay Time CST to Dout Hi-Z 


• 

70 120 

88 150 

ns 

ten 

Delay Time, CLKi to Dqut Enabled 

Cload = 20pF 

• 

30 50 

43 63 

ns 

thDO 

Time Output Data Remains Valid 

Cload = 20pF 

• 

30 45 

30 55 

ns 


After CLKt 






tr 

Dout Fall Time 

Cload = 20pF 

• 

5 15 

10 20 

ns 

tf 

Dout Rise Time 

Cload = 20pF 

• 

5 15 

10 20 

ns 

C|N 

Input Capacitance 

Analog Input On Channel 


30 

30 

PF 



Analog Input Off Channel 


5 

5 

PF 



Digital Input 


5 

5 

PF 


RccommcnDCD operatirg corditiors 


Vqq = 2.7V Operation 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 196-1 

LTC1 198-1 

MIN TYP MAX 

LTC1 196-2 

LTC1 198-2 

MIN TYP MAX 

UNITS 

fCLK 

Clock Frequency 



0.01 5.4 

0.01 4 

MHz 




• 

0.01 4.6 

0.01 3 

MHz 

tCYC 

Total Cycle Time 

LTC1196 


12 

12 

CLK 



LTC1198 


16 

16 

CLK 

tSMPL 

Analog Input Sampling Time 



2.5 

2.5 

CLK 

thCS 

Hold Time CS Low After Last CLKT 



20 

40 

ns 

tsuCS 

Setup Time CST Before First CLKT 



40 

78 

ns 


(See Figures 1, 2) 
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LTC1 196/LTC1 198 


R€commcnD€D opcrrtirg corditiors 


Vqq = 2.7V Operation 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 196-1 

LTC1 198-1 

MIN TYP MAX 

LTC1 196-2 

LTC1 198-2 

MIN TYP MAX 

UNITS 

thDI 

Hold Time After CLKt 

LTC1198 


40 

78 

ns 

tsuDI 

Setup Time D| N Stable Before CLKT 

LTC1198 


40 

78 

ns 

tWHCLK 

CLK High Time 

fCLK = fcLK(MAX) 


40% 

40% 

1 %K 

tWLCLK 

CLK Low Time 

fcLK = fCLK(MAX) 


40% 

40% 

1 /fCLK 

tWHCS 

CS High Time Between Data Transfer Cycles 



50 

96 

ns 

%LCS 

CS Low Time During Data Transfer 

LTC1196 


11 

11 

CLK 



LTC1198 


15 

15 

CLK 


CORVCRTCR RRD mULTIPL€X€R CHRRRCTCRISTICS 

Vcc = 2.7V, Vref = 2.5V, Iclk = fcLK(MAX) as defined in Recommended Operating Conditions, unless otherwise noted. 


PARAMETER 

CONDITIONS 


LTC1196-XA 

LTC1198-XA 

MIN TYP MAX 

LTC1196-XB 

LTC1198-XB 

MIN TYP MAX 

UNITS 

No Missing Codes Resolution 


• 

8 

8 

Bits 

Offset Error 


• 

±1/2 

±1 

LSB 

Linearity Error 

(Note 3) 

• 

±1/2 

±1 

LSB 

Full-Scale Error 


• 

±1/2 

±1 

LSB 

Total Unadjusted Error (Note 4) 

LTC1196, Vref = 2.500V 

LTC1198, V cc = 2.700V 

• 

±1/2 

±1 

LSB 

Analog and REF Input Range 

LTC1196 


-0.05V to V cc + 0.05V 

V 

Analog Input Leakage Current 

(Note 5) 

• 

±1 

±1 

pA 


DIGITAL RRD DC €l€CTRICAl CHRRRCTCRISTICS 

Vcc = 2.7V, Vref = 2.5V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

V CC = 3.6V 

• 

1.9 

V 

V| L 

Low Level Input Voltage 

V CC = 2.7V 

• 

0.45 

V 

IlH 

High Level Input Current 

V|N = Vcc 

• 

2.5 

UA 

l|L 

Low Level Input Current 

V,N = 0V 


-2.5 

MA 

VOH 

High Level Output Voltage 

V cc = 2.7V, Io = 10mA 

• 

2.3 2.60 

V 



Vcc = 2.7V, l 0 = 360pA 

• 

2.1 2.45 

V 

V 0 L 

Low Level Output Voltage 

V CC = 2.7V, lo = 400|jA 

• 

0.3 

V 

loz 

Hi-Z Output Leakage 

CS = High 

• 

±3 

mA 

■source 

Output Source Current 

V OU T = 0V 


-10 

mA 

■sink 

Output Sink Current 

VOUT = Vcc 


15 

mA 

■ref 

Reference Current, LTC1196 

CS = V cc 

• 

0.001 3.0 

pA 



fSMPL = fsMPL(MAX) 

• 

0.25 0.5 

mA 

•cc 

Supply Current 

CS = Vcc = 3.3V, LTC1 1 98 (Shutdown) 

• 

0.001 3.0 

MA 



CS = V CC = 3.3V, LTC1 196 

• 

1.5 4.5 

mA 



fsMPL = fsMPL(MAX), LTC1 1 96/LTC1 1 98 

• 

2.0 6.0 

mA 
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LTC1196/LTC1198 


Dvnnmic accuracy 

V C c = 2.7V, Vref = 2.5V, feu = fcLK(MAX) as defined in Recommended Operating Conditions, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1196 

MIN TYP MAX 

LTC1198 

MIN TYP MAX 

UNITS 

S/(N + D) 

Signal-to-Noise Plus Distortion 

190kHz/380kHz Input Signal 


47/45 

47/45 

dB 

THD 

Total Harmonic Distortion 

190kHz/380kHz Input Signal 


49/47 

49/47 

dB 


Peak Harmonic or Spurious Noise 

190kHz/380kHz Input Signal 


53/46 

53/46 

dB 

IMD 

Intermodulation Distortion 

f| N1 = 189.37kHz, 
f| N2 = 192.446kHz 


51 

51 

dB 


Full Power Bandwidth 



5 

5 

MHz 


Full Linear Bandwidth [S/(N + D) > 44dB] 



0.5 

0.5 

MHz 


RC CHARACTCRISTICS 

Vqc = 2.7V, Vref = 2.5V, Iqlk = fcLK(MAX) as defined in Recommended Operating Conditions, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 


LTC1 196-1 

LTC1 198-1 

MIN TYP MAX 

LTC1 196-2 

LTC1 198-2 

MIN TYP MAX 

UNITS 

tC0NV 

Conversion Time (See Figures 1, 2) 



1.58 

2.13 

|OS 




• 

1.85 

2.84 

MS 

fSMPL(MAX) 

Maximum Sampling Frequency 

LTC1196 


450 

333 

kHz 



LTC1196 

• 

383 

250 

kHz 



LTC1198 


337 

250 

kHz 



LTC1198 

• 

287 

187 

kHz 

tdDO 

Delay Time, CLKt to Dqut Data Valid 

Cload = 20pF 


100 150 

130 200 

ns 




• 

180 

250 

ns 

Tdis 

Delay Time CST to Dout Hi-Z 



110 220 

120 250 

ns 

ten 

Delay Time, CLKi to Dout Enabled 

Cload = 20pF 

• 

80 130 

100 200 

ns 

thDO 

Time Output Data Remains Valid 

Cload = 20pF 

• 

45 90 

45 120 

ns 


After CLKT 






tr 

Dout Fall Time 

Cload = 20pF 


10 30 

15 40 

ns 

tf 

Dqut Rise Time 

Cload = 20pF 

• 

10 30 

15 40 

ns 

C|N 

Input Capacitance 

Analog Input On Channel 


30 

30 

PF 



Analog Input Off Channel 


5 

5 

pF 



Digital Input 


5 

5 

PF 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to GND. 

Note 3: Integral nonlinearity is defined as deviation of a code from a 
straight line passing through the actual endpoints of the transfer curve. 
The deviation is measured from the center of the quantization band. 


Note 4: Total unadjusted error includes offset, full scale, linearity, 
multiplexer and hold step errors. 

Note 5: Channel leakage current is measured after the channel selection. 
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LTC1196/LTC1198 


tvpicri p€RFo«mnnc€ characteristics 


Supply Current vs Clock Rate Supply Current vs Supply Voltage 



Supply Current vs Sample Rate 



< 

E 


Supply Current vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 



0 I I I I I I I I I I 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 


REFERENCE VOLTAGE (V) 



SUPPLY VOLTAGE (V) 


11 96/98 G04 


1 196/98 G05 


11 96/98 G06 


Linearity Error vs 
Reference Voltage 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
REFERENCE VOLTAGE (V) 


Linearity Error vs Supply Voltage 



1 

25°C 





Vref = Vqc 





'CLK 


















— 

— 

’ * 








































2.5 3.0 3.5 4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 



.0 5 I I I I I I I I I I I 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 


REFERENCE VOLTAGE (V) 


11 96/98 G07 


1196/98 G08 


1196/98 G09 
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LOGIC THRESHOLD (V) 


LTC1196/LTC1198 


TVPicm P€RFORmnnce chrrrctcristics 


Gain vs Supply Voltage 



1196/98 GtO 


Maximum Clock Frequency vs 
Supply Voltage 



2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 

1 196/98 G11 


Minimum Clock Rate for 
0.1 LSB* Error 



TEMPERATURE (°C) 


1 196/98 G13 


ADC Noise vs Reference and 
Supply Voltage 



2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 

1196/98 G14 


Digital Input Logic Threshold vs 
Supply Voltage 


Dqut Delay Time vs 
Supply Voltage 



2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 



2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


1196/98 G16 1196/98 G17 

*AS THE FREQUENCY IS DECREASED FROM 12MHz, MINIMUM CLOCK FREQUENCY (AERROR < 0.1 LSB) REPRESENTS THE 
FREQUENCY AT WHICH A 0.1 LSB SHIFT IN ANY CODE TRANSITION FROM ITS 12MHz VALUE IS FIRST DETECTED. 



10000 
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JL 120 

I 100 
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S 80 

I 00 
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Maximum Clock Frequency vs 
Source Resistance 



1 10 100 Ik 10k 100k 

SOURCE RESISTANCE (Q) 


Sample-and-Hold Acquisition 
Time vs Source Resistance 



1 10 100 Ik 10k 

SOURCE RESISTANCE (Q) 


Dqut Delay Time vs Temperature 



-60-40-20 0 20 40 60 80 100 120 140 
TEMPERATURE (°C) 
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MAGNITUDE (dB) INL ERROR (LSB) LEAKAGE CURRENT (nA) 


LTC1196/LTC1198 

tvpicri pcRFonmnncc chrrrctcristics 


Input Channel Leakage Current Integral Nonlinearity vs Differential Nonlinearity vs 

vs Temperature Code at 5V Code at 5V 



TEMPERATURE (°C) CODE CODE 


Integral Nonlinearity vs Differential Nonlinearity vs Effective Bits and S/(N + D) vs 

Code at 2.7V Code at 2.7V Input Frequency 



LUIJI:: INPUT FREQUENCY (Hz) 

11 96/98 G22 11 96/98 G23 


FFT Output of 455kHz AM Signal 

4096 Point FFT Plot at 5V 4096 Point FFT at 2.7V Digitized at 1MSPS 



0 100 200 300 400 500 

FREQUENCY (kHz) 

11 96/98 G25 

0 

50 100 150 200 

FREQUENCY (kHz) 

1196/98 G26 

0 100 200 300 400 500 

FREQUENCY (kHz) 

1196/98 G27 
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S/(N + D) (dB) 








LTC1196/LTC1198 


tvpicrl p€RFORmnnc€ chrimctcmstics 


Power Supply Feedthrough vs Power Supply Feedthrough vs S/(N + D) vs Reference Voltage 

Ripple Frequency Ripple Frequency and Input Frequency 



Ik 10k 100k 1M Ik 10k 100k 1M 1.25 1.75 2.25 2.75 3.25 3.75 4.25 4.75 5.25 

RIPPLE FREQUENCY (Hz) RIPPLE FREQUENCY (Hz) REFERENCE VOLTAGE (V) 


Intermodulation Distortion at 2.7V Intermodulation Distortion at 5V 



0 50 100 150 200 250 0 100 200 300 400 

FREQUENCY (kHz) FREQUENCY (kHz) 


11 96/98 G32 


S/(N + D) vs Input Level 



INPUT LEVEL (dB) 



Output Amplitude vs Spurious-Free Dynamic Range vs 

Input Frequency Frequency 
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LTC1196/LTC1198 


pm Funcnons 

LTC1196 

CS (Pin 1): Chip Select Input. A logic low on this input 
enables the LTC1196. A logic high on this input disables 
the LTC1196. 

IN + (Pin 2): Analog Input. This input must be free of noise 
with respect to GND. 

IN" (Pin 3): Analog Input. This input must be free of noise 
with respect to GND. 

GND (Pin 4): Analog Ground. GND should be tied directly 
to an analog ground plane. 

Vref (Pin 5): Reference Input. The reference input defines 
the span of the A/D converter and must be kept free of 
noise with respect to GND. 

Dout (Pin 6): Digital Data Output. The A/D conversion 
result is shifted out of this output. 

CLK (Pin 7): Shift Clock. This clock synchronizes the serial 
data transfer. 

Vcc (Pin 8): Power Supply Voltage. This pin provides 
power to the A/D converter. It must be kept free of noise 
and ripple by bypassing directly to the analog ground 
plane. 


LTC1198 

CS/SHUTDOWN (Pin 1): Chip Select Input. A logic low on 
this input enables the LTC1 1 98. A logic high on this input 
disables the LTC1 1 98 and DISCONNECTS THE POWER TO 
THE LTC1198. 

CHO (Pin 2): Analog Input. This input must be free of noise 
with respect to GND. 

CHI (Pin 3): Analog Input. This input must be free of noise 
with respect to GND. 

GND (Pin 4): Analog Ground. GND should be tied directly 
to an analog ground plane. 

Dm (Pin 5): Digital Data Input. The multiplexer address is 
shifted into this input. 

Dout (P' n 6): Digital Data Output. The A/D conversion 
result is shifted out of this output. 

CLK (Pin 7): Shift Clock. This clock synchronizes the serial 
data transfer. 

Vcc(V R EF)(Pin 8): Power Supply and Reference Voltage. 
This pin provides power and defines the span of the A/D 
converter. It must be kept free of noise and ripple by 
bypassing directly to the analog ground plane. 


block DinGirom 

Vcc (Vcc/Vref) (CS/SHUTDOWN) CLK 



GND Vref (Din) 


PIN NAMES IN PARENTHESES 
REFER TO THE LTC1 1 98 
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T€ST CIRCUITS 


On and Off Channel Leakage Current Load Circuit for t dD0 , t r and t f 



Voltage Waveform for D 0 ut Rise and Fall Times, t r , t f Voltage Waveform for D 0 ut Delay Time, t dD0 and t hD0 




Load Circuit for t djs and t en Voltage Waveforms for t dis 



NOTE 1 : WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 

NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 

1 1 96/98 TC06 
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T€ST CIRCUITS 


LTC1196 


CS 


Voltage Waveforms for t en 

\ 



Voltage Waveforms for t en 


LTC1198 


CS 


Din 



START 


\ 


CLK 



Dqut 
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OVERVIEW 

The LTC1 1 96/LTC1 1 98 are 600ns sampling 8-bit A/D 
converters packaged in tiny 8-pin SO packages and oper- 
ating on 3 V to 6 V supplies. The ADCs draw only lOmW 
from a 3 V supply or 50mW from a 5V supply. 

Both the LTC1196 and the LTC1198 contain an 8-bit, 
switched-capacitor ADC, a sample-and-hold, and a serial 
port (see Block Diagram). The on-chip sample-and-holds 
have full-accuracy input bandwidths of 1MHz. Although 
they share the same basic design, the LTC1196 and 
LTC1198 differ in some respects. The LTC1196 has a 
differential input and has an external reference input pin. 
It can measure signals floating on a DC common-mode 
voltage and can operate with reduced spans below 1 V. The 


LTC1198 has a 2-channel input multiplexer and can con- 
vert either channel with respectto ground orthe difference 
between the two. It also automatically powers down when 
not performing conversion, drawing only leakage current. 

SERIAL INTERFACE 

The LTC1 1 96/LTC1 1 98 will interface via three or four 
wires to ASICs, PLDs, microprocessors, DSPs, or shift 
registers (see Operating Sequence in Figures 1 and 2). To 
run at their fastest conversion rates (600ns), they must be 
clocked at 1 4.4MHz. HC logic families and any high speed 
ASIC or PLD will easily interface to the ADCs at that speed 
(see Data Transfer and Typical Application sections). Full 
speed operation from a 3 V supply can still be achieved with 
3 V ASICs, PLDs or HC logic circuits. 


-t CY c(12CLKs)- 


-H H - *suCS 

H~t d oo 

Dour BO | — 1 MULL BITS | B 7 | B6 | B5 | B4 | B3 [ B 2 | B1 | BO* , — 

tsMPL tcONV ( 8 * 5 CLKs) * 1 * tsMPL 


NULL 

BITS 


* AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW, THE ADC WILL OUTPUT ZEROS INDEFINITELY. 


Figure 1. LTC1196 Operating Sequence 


-t CY c(16CLKs)- 


CS I 


“H Issues 


J POWER 
“ *1 DOWN r 



*AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW, THE ADC WILL OUTPUT ZEROS INDEFINITELY. 


Figure 2. LTC1198 Operating Sequence Example: Differential Inputs (CHI, CHO) 
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Connection to a microprocessor or a DSP serial port is 
quite simple (see Data Transfer section). It requires no 
additional hardware, but the speed will be limited by the 
clock rate of the microprocessor or the DSP which limits 
the conversion time of the LTC1 1 96/LTC1 1 98. 

Data Transfer 

Data transfer differs slightly between the LTC1 1 96and the 
LTC1198. The LTC1J96 interfaces over 3 lines: CS, CLK 
and Dout- A falling CS initiates data transfer as shown in 
the LTC1196 Operating Sequence. After CS falls, the first 
CLK pulse enables Dout- After two null bits, the A/D 
conversion result is output on the Dout line- Bringing CS 
high resets the LTC1196 for the next data exchange. 

The LTC1198 can transfer data with 3 or 4 wires. The 
additional input, Din, is used to select the 2-channel MUX 
configuration. 

The data transfer between the LTC1198 and the digital 
systems can be broken into two sections: I nput Data Word 
and A/D Conversion Result. First, each bit of the input data 
word is captured on the rising CLK edge by the LTC1 1 98. 
Second, each bit of the A/D conversion result on the Dout 
line is updated on the rising CLK edge by the LTC1198. 
This bit should be captured on the next rising CLK edge by 
the digital systems (see A/D Conversion Result section). 

Data transfer is initiated by afalling chip select (CS) signal 
as shown in the LTC1198 Operating Sequence. After CS 
falls the LTC1 1 98 looks for a start bit. After the start bit is 
received, the 4-bit input word is shifted into the Dug input. 
The first two bits of the input word configure the LTC1 198. 
The last two bits of the input word allowthe ADC to acquire 
the input voltage by 2.5 clocks before the conversion 
starts. After the conversion starts, two null bits and the 

CS “1 I I PI 



2 NULL BITS SHIFT A/D CONVERSION 
RESULT OUT 


conversion result are output on the Dout line. At the end 
of the data exchange CS should be brought high. This 
resets the LTC1198 in preparation for the next data ex- 
change. 

Input Data Word 

The LTC1196 requires no Dug word. It is permanently 
configured to have a single differential input. The conver- 
sion result is output on the Dqut line in an MSB-first 
sequence, followed by zeros indefinitely if clocks are 
continuously applied with CS low. 

The LTC1198 clocks data into the Dug input on the rising 
edge of the clock. The input data word is defined as follows: 


START 

SGL/ 

DIFF 

ODD/ 

SIGN 

DUMMY 

DUMMY 


MUX DUMMY 

ADDRESS BITS 


Start Bit 

The first “logical one” clocked into the Dug input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1 1 98 will ignore all leading zeros which 
precede this logical one. After the start bit is received, the 
remaining bits of the input word will be clocked imFurther 
inputs on the Dim pin are then ignored until the next CS cycle. 

Multiplexer (MUX) Address 

The 2 bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For 
a given channel selection, the converter will measure the 
voltage between the two channels indicated by the “+” and 
signs in the selected row of the following table. In 
single-ended mode, all input channels are measured with 
respect to GND. 


LTC1198 Channel Selection 


SINGLE-ENDED 
MUX MODE 
DIFFERENTIAL 
MUX MODE 


MUX ADDRESS 
SGL/DIFF ODD/SIGN 

CHANNEL # 

0 1 

GND 

1 0 

+ 

- 

1 1 

+ 

- 

0 0 

+ 


o 1 

+ 
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Dummy Bits 

The last 2 bits of the input word following the MUX 
Address are dummy bits. Either bit can be a “logical 
one” or a “logical zero." These 2 bits allow the ADC 2.5 
clocks to acquire the input signal after the channel 
selection. 

A/D Conversion Result 

Both the LTC1196 and the LTC1198 have the A/D 
conversion result appear on the Dout line after two null 
bits (see Operating Sequence in Figures 1 and 2). Data 
on the Dout line is updated on the rising edge of the CLK 
line. The Dout data should also be captured on the 
rising CLK edge by the digital systems. Data on the Dout 
line remains valid for a minimum time of thoo (30ns at 
5 V) to allow the capture to occur (see Figure 3). 



Figure 3. Voltage Waveform for Dout belay Time, 
tdoo an( l thoo 


Unipolar Transfer Curve 

The LTC1 1 96/LTC1 1 98 are permanently configured for 
unipolar only. The input span and code assignment for 
this conversion type are shown in the following figures. 


Unipolar Transfer Curve 



Unipolar Output Code 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(V REF = 5.000V) 

11111111 

Vref-ILSB 

4.9805V 

11111110 

V ref -2LSB 

4.9609V 

00000001 

1LSB 

0.0195V 

00000000 

OV 

OV 


Operation with Din and Dout Tied Together 

The LTC1198 can be operated with D| N and Dout tied 
together. This eliminates one of the lines required to 
communicate to the digital systems. Data is transmitted in 
both directions on a single wire. The pin of the digital 
systems connected to this data line should be configurable 
as either an input or an output. The LTC1198 will take 
control of the data line and drive it low on the 5th falling 
CLK edge after the start bit is received (see Figure 4). 
Therefore the port line of the digital systems must be 
switched to an input before this happens to avoid a 
conflict. 

REDUCING POWER CONSUMPTION 

The LTC1 1 96/LTC1 1 98 can sample at up to a 1 MHz rate, 
drawing only 50mW from a 5 V supply. Power consump- 
tion can be reduced in two ways. Using a 3 V supply lowers 
the power consumption on both devices by afactor of five, 
to lOmW. The LTC1198 can reduce power even further 
because it shuts down whenever it is not converting. 
Figure 5 shows the supply current versus sample rate for 
the LTC1 1 96 and LTC1 1 98 on 3 V and 5 V. To achieve such 
a low power consumption, especially for the LTC1198, 
several things must be taken into consideration. 

Shutdown (LTC1198) 

Figure 2 shows the operating sequenceof the LTC1198. 
The converter draws power when the CS pin is low and 
powers itself down when that pin jshigh. For lowest power 
consumption in shutdown, the CS pin should be driven 
with CMOS levels (OV to Vcc) so that the CS input buffer 
of the converter will not draw current. 
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cs I 


1 2 3 


CLK 


DUMMY BITS LATCHED 
BY LTC1198 

1 

5 


DATA (D| N /D 0 ut) ^ START SGL/DIFF y/^DD/SIGN^ DUMMY ^DUMMY 

I 


B7 

B6 | 



Vn 


y 

THE DIGITAL SYSTEM CONTROLS DATA LINE 


LTC1 198 CONTROLS DATA LINE AND SENDS 

AND SENDS MUX ADDRESS TO LTC1 198 


A/D RESULT BACK TO THE DIGITAL SYSTEM 

THE DIGITAL SYSTEM MUST RELEASE — ► 


LTC1 198 TAKES CONTROL OF 



DATA LINE AFTER 5TH RISING CLK ' ' DATA LINE ON 5TH FALLING CLK 

AND BEFORE THE 5TH FALLING CLK 


Figure 4. LTC1198 Operation with Din and Dout Tied Together 



Figure 5. Supply Current vs Sample Rate for LTC1196/ 
LTC1198 Operating on 5V and 2.7V Supplies 

When the CS pin is high (= supply voltage), the LTC1 1 98 
is in shutdown mode and draws only leakage current. The 
status of the Dim and CLK input has no effect on the supply 
current during this time. There is no need to stop Dim and 
CLK with CS = high; they can continue to run without 
drawing current. 


Minimize CS Low Time (LTC1198) 

In systems that have significant time between convey 
sions, lowest powerdrain will occur with the minimum CS 
low time. Bringing CS low, transfering data as quickly as 
possible, then bringing it back high will result in the lowest 
current drain. This minimizes the amount of time the 
device draws power. 

OPERATING ON OTHER THAN 5V SUPPLIES 

The LTC1 1 96/LTC1 1 98 operate from single 2.7 V to 6 V 
supplies. To operate the LTC1 1 96/LTC1 1 98 on otherthan 
5 V supplies, a few things must be kept in mind. 

Input Logic Levels 

The input logic levels of CS, CLK and Dim are made to 
meet TTL on 5 V supply. When the supply voltage varies, 
the input logic levels also change (see typical curve of 
Digital Input Logic Threshold vs Supply Voltage). For 
these two ADCs to sample and convert correctly, the 
digital inputs have to be in the logical low and high relative 
to the operating supply voltage. If achieving micropower 
consumption is desirable on the LTC1198, the digital 
inputs must go rail-to-rail between supply voltage and 
ground (see Reducing Power Consumption section). 
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Clock Frequency 

The maximum recommended clock frequency is 14.4MHz 
at 25°C for the LTC1 1 96/LTC1 1 98 running off a 5V supply. 
With the supply voltage changing, the maximum clock 
frequency for the devices also changes (see the typical 
curve of Maximum Clock Rate vs Supply Voltage). If the 
supply is reduced, the clock rate must be reduced also. At 
3 V the devices are specified with a 5.4MHz clock at 25°C. 

Mixed Supplies 

It is possible to have a digital system running off a 5 V 
supply and communicate with the LTC1 1 96/LTC1 1 98 
operating on a 3 V supply. Achieving this reduces the 
outputs of Dout from the ADCsto toggle the equivalent 
input of the digital system. The CS, CLK and Din inputs of 
the ADCs will take 5 V signals from the digital system 
without causing any problem (see typical curve of Digital 
Input Logic Threshold vs Supply Voltage). With the 
LTC1 1 96 operating on a3V supply, the output of Dout only 
goes between OV and 3 V. This signal easily meets TTL 
levels (see Figure 6). 


DIFFERENTIAL INPUTS ■ 
COMMON-MODE RANGE . 

0VTO3V 



CS 

Vcc 

+W 

CLK 

ITCH 96 

-m 

Dout 

GND 

Vref 



Figure 6. Interfacing a 3V Powered LTC1196 to a 5V System 


BOARD LAYOUT CONSIDERATIONS 
Grounding and Bypassing 

The LTC1196/LTC1 198 are easy to use if some care is 
taken. They should be used with an analog ground plane 
and single-point grounding techniques. The GI\ID pin 
should be tied directly to the ground plane. 


The V C c pin should be bypassed to the ground plane with 
a 1 pF tantalum with leadsas short as possible. If the power 
supply is clean, the LTC1 1 96/LTC1 1 98 can also operate 
with smaller 0.1 pF surface mount or ceramic bypass 
capacitors. All analog inputs should be referenced directly 
to the single-point ground. Digital inputs and outputs 
should be shielded from and/or routed away from the 
reference and analog circuitry. 

SAMPLE-AND-HOLD 

Both the LTC1196 and the LTC1198 provide a built-in 
sample-and-hold (S&H) function to acquire the input 
signal. The S&H acquires the input signal from “+” input 
during tsMPL as shown in Figures 1 and 2. The S&H of the 
LTC1198 can sample input signals in either single-ended 
or differential mode (see Figure 7). 

Single-Ended Inputs 

The sample-and-hold of the LTC1198 allows conversion 
of rapidly varying signals. The input voltage is sampled 
during the tsMPL time as shown in Figure 7. The sampling 
interval begins as the bit preceding the first DUMMY bit is 
shifted in and continues until the falling CLK edge after the 
second DUMMY bit is received. On this falling edge, the 
S&H goes into hold mode and the conversion begins. 

Differential Inputs 

With differential inputs, the ADC no longer converts just a 
single voltage but rather the difference between two volt- 
ages. In this case, the voltage on the selected “+” input is 
still sampled and held and therefore may be rapidly time 
varying just as in single-ended mode. However, the volt- 
age on the selected input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing operation may not be per- 
formed accurately. The conversion time is 8.5 CLK cycles. 
Therefore, a change in the input voltage during this 
interval can cause conversion errors. For a sinusoidal 
voltage on the input, this error would be: 

VeRROR (MAX) = VpEAK x 2 x K x <(“"”) x 8.5/f C LK 
Where f(“-”) is the frequency of the input voltage, 
Vpeak is its peak amplitude and fa.K is the frequency of the 
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SAMPLE HOLD 



Figure 7. LTC1198 “+” and Input Settling Windows 


“+” Input Settling 

The input capacitor of the LTC1196 is switched onto “+” 
input at the end of the conversion and samples the input 
signal until the conversion begins (see Figure 1 ). The input 
capacitor of the LTC1 1 98 is switched onto “+” input during 
the sample phase (tsMPL, see Figure 7). The sample phase 
is 2.5 CLK cycles before conversion starts. The voltage on 
the “+” input must settle completely within tsMPL for the 
LTC1 1 96/LTC1 1 98. Minimizing Rsource + will improve 
the input settling time. If a large “+” input source resis- 
tance must be used, the sample time can be increased by 
allowing more time between conversions for the LTC1 196 
or by using a slower CLK frequency for the LTC1 1 98. 
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CLK. Verror is proportional to f(“-”) and inversely pro- 
portional to fcLK- For a 60Hz signal on the input to 
generate a 1/4LSB error (5mV) with the converter running 
at CLK = 12MHz, its peak value would have to be 18.7V. 

ANALOG INPUTS 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1196/ 
LTC1198 have one capacitive switching input current 
spike per conversion. These current spikes settle quickly 
and do not cause a problem. Flowever, if source resis- 
tances larger than 100Q are used or if slow settling op 
amps drive theinputs, care must betaken to insure thatthe 
transients caused by the current spikes settle completely 
before the conversion begins. 
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Input Settling 

At the end of the tsMPL, the input capacitor switches to the 
input and conversion starts (see Figures 1 and 7). 
During the conversion, the “+” input voltage is effectively 
“held” by the sample-and-hold and will not affect the 
conversion result. However, it is critical that the input 
voltage settle completely during the first CLK cycle of the 
conversion time and bef ree of noise. Minimizing Rsource" 
will improve settling time. If a large input source 
resistance must be used, the time allowed for settling can 
be extended by using a slower CLK frequency. 

Input Op Amps 

When driving the analog inputs with an op amp it is 
important that the op amp settle within the allowed time 
(see Figures 1 and 7). Again, the “+” and input 
sampling times can be extended as described above to 
accommodate slower op amps. 

To achieve the full sampling rate, the analog input should 
be driven with a low impedance source (<100£2) or a high 
speed op amp (e.g., the LT1223, LT1191, or LT1226). 
Higher impedance sources or slower op amps can easily 
be accommodated by allowing more time for the analog 
input to settle as described above. 


REFERENCE INPUT 

The voltage on the reference input of the LTC1 1 96 defines 
the voltage span of the A/D converter. The reference input 
has transient capacitive switching currents which are due 
to the switched-capacitor conversion technique (see Fig- 
ure 9). During each bit test of the conversion (every CLK 
cycle), a capacitive current spike will be generated on the 
reference pin by the ADC. These high frequency current 
spikes will settle quickly and do not cause a problem if the 
reference input is bypassed with at least a 0.1 pF capacitor. 

The reference input can be driven with standard voltage 
references. Bypassing the reference with a 0.1 pF capacitor 
is recommended to keep the high frequency impedance 
low as described above. Some references require a small 
resistor in series with the bypass capacitor for frequency 
stability. Seethe individual reference data sheetfordetails. 
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Figure 9. Reference Input Equivalent Circuit 


Source Resistance 

The analog inputs of the LTC1 1 96/LTC1 1 98 look like a 
25pF capacitor (C^) in series with a 1 20Q resistor (Ron) 
as shown in Figure 8. Cin gets switched between the 
selected “+” and inputs once during each conversion 
cycle. Large external source resistors will slow the settling 
of the inputs. It is important that the overall RC time 
constants be short enough to allow the analog inputs to 
completely settle within tsMPL- 


Rsource* « t 
V|N + — vw 




V|N 


Rso urce input 


nput 9 

D— J 


., : LTC1196 

' tsMPL R on LTC1198 I 

/ 120ft 


Figure 8. Analog Input Equivalent Circuit 


Reduced Reference Operation 

The minimum reference voltage of the LTC1 1 98 is limited 
to 2.7V because the Vcc supply and reference are inter- 
nally tied together. However, the LTC1196 can operate 
with reference voltages below IV. 

The effective resolution of the LTC1 1 96 can be increased by 
reducing the input span of the converter. The LTC1196 
exhibits good linearity and gain over a wide range of 
reference voltages (see typical curves of Linearity and Full- 
Scale Error vs Reference Voltage). However, care must be 
taken when operating at low values of V RE p because of the 
reduced LSB step size and the resulting higher accuracy 
requirement placed on the converter. The following factors 
must be considered when operating at low Vref values. 

1. Offset 

2. Noise 
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Offset with Reduced Vref 

The offset of the LTC1 1 96 has a larger effect on the output 
code when the ADC is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vos- For example, 
a Vos of 2mV which is 0.1 LSB with a 5 V reference 
becomes 0.5LSB with a IV reference and 2.5LSB with a 
0.2V reference. If this offset is unacceptable, it can be 
corrected digitally by the receiving system or by offsetting 
the “-’’input of the LTC1196. 

Noise with Reduced Vref 

The total input referred noise of the LTC1 1 96 can be 
reduced to approximately 2mVp.p using a ground plane, 
good bypassing, good layout techniques and minimizing 
noise on the reference inputs. This noise is insignificant 
with a 5V reference but will become a larger fraction of an 
LSB as the size of the LSB is reduced. 

For operation with a 5 V reference, the 2mV noise is only 
0.1 LSB peak-to-peak. In this case, the LTC1196 noise 
will contribute virtually no uncertainty to the output 
code. Flowever, for reduced references, the noise may 
become a significant fraction of an LSB and cause 
undesirable jitter in the output code. For example, with 
a IV reference, this same 2mV noise is 0.5LSB peak-to- 
peak. This will reduce the range of input voltages over 
which a stable output code can be achieved by 1 LSB. If 
the reference is further reduced to 200mV, the 2mV 
noise becomes equal to 2.5LSB and a stable code is 
difficult to achieve. In this case averaging readings is 
necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, Vref or Vug) will add 
to the internal noise. The lower the reference voltage to be 
used, the more critical it becomes to have a clean, noise- 
free setup. 


DYNAMIC PERFORMANCE 

The LTC1 1 96/LTC1 1 98 have exceptionally high speed sam- 
pling capability. Fast Fourier Transform (FFT) test tech- 
niques are used to characterize the ADC’s frequency re- 
sponse, distortion and noise at the rated throughput. By 
applying a low distortion sine wave and analyzing the digital 
output using a FFT algorithm, the ADC’s spectral content can 
be examined forfrequencies outside the fundamental. Figure 
10 shows atypical LTC1196 FFT plot. 






1 

V CC = 5V 
f|M = 29kHz 









'SMPL = 



























ill 

Bll 

m 

ik| 

H 

m 

ifi 

Ir! 



HIM' I INI' 'I L HIM II " I 

0 100 200 300 400 500 

FREQUENCY (kHz) 


Figure 10. LTC1196 Non-Averaged, 4096 Point FFT Plot 


Signal-to-Noise Ratio 

The Signal-to-Noise plus Distortion Ratio [S/(N + D)] is the 
ratio between the RMS amplitude of the fundamental input 
frequency to the RMS amplitude of all other frequency 
components at the ADC’s output. The output is band limited 
to frequencies above DC and below one half the sampling 
frequency. Figure 10 shows atypical spectral content with a 
882kHz sampling rate. 

Effective Number of Bits 

The Effective Number of Bits (ENOBs) is a measurement of 
the resolution of an ADC and is directly related to S/(N + D) 
by the equation: 

N = [S/(N + D) -1.76J/6.02 

where N is the effective number of bits of resolution and 
S/(N + D) is expressed in dB. At the maximum sampling 
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rate of 1 .2MHz with a 5 V supply the LTC1 1 96 maintains 
above 7.5 ENOBs at 400kHz inputfrequency. Above 500kHz 
the ENOBs gradually decline, as shown in Figure 11, due 
to increasing second harmonic distortion. The noise floor 
remains low. 


50 

44 

co 

2 

■S 

00 


Ik 10k 100k 1M 

INPUT FREQUENCY (Hz) 

1196/98 G24 

Figure 11. Effective Bits and S/(N + D) vs Input Frequency 
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Total Harmonic Distortion 

Total Harmonic Distortion (THD) is the ratio of the RMS 
sum of all harmonics of the input signal to the fundamental 
itself. The out-of-band harmonics alias into the frequency 
band between DC and half of the sampling frequency. THD 
is defined as: 


THD = 20log 


a/v| + vf + v| +— +Vn 

V, 


where V i is the RMS amplitude of the fundamental fre- 
quency and V 2 through Vn are the amplitudes of the 
second through the N th harmonics. The typical THD speci- 
fication in the Dynamic Accuracy table includes the 2nd 
through 5th harmonics. With a 100kHz input signal, the 
LTC1 1 96/LTC1 1 98 have typical THD of 50dB and 49dB 
with Vcc = 5 V and Vqc = 3 V, respectively. 


Intermodulation Distortion 

If the ADC input signal consists of more than one spectral 
component, the ADC transfer function nonlinearity can 


produce intermodulation distortion (IMD) in addition to 
THD. IMD is the change in one sinusoidal input caused by 
the presence of another sinusoidal input at a different 
frequency. 

If two pu re sine waves of frequencies f a and f & are applied 
to the ADC input, nonlinearities in the ADC transfer func- 
tion can create distortion products at sum and difference 
frequencies of mf a ± nf b , where m and n = 0, 1 , 2, 3, etc. 
For example, the 2nd order IMD terms include (f a + f b ) and 
(f a - fb) while 3rd order IMD terms include (2f a + f b ) , 
(2f a - fb), (f a + 2y , and (f a - 2y. If the two input sine 
waves are equal in magnitudes, the value (in dB) of the 2nd 
order IMD products can be expressed by the following 
formula: 


IMD(f a ±f b ) = 20log 


amplitude (f a ±f b ) 
amplitude at f a 


For input frequencies of 499kHz and 502kHz, the IMD of 
the LTC1 1 96/LTC1 1 98 is 51 dB with a 5 V supply. 

Peak Harmonic or Spurious Noise 

The peak harmonic or spurious noise is the largest spec- 
tral component excluding the input signal and DC. This 
value is expressed in dBs relative to the RMS value of afull- 
scale input signal. 

Full-Power and Full-Linear Bandwidth 

The full-power bandwidth is that input frequency at which 
the amplitude of the reconstructed fundamental is re- 
duced by 3dB for a full-scale input. 

The full-linear bandwidth is the input frequency at which 
the effective bits rating of the ADC falls to 7 bits. Beyond 
this frequency, distortion of the sampled input signal 
increases. The LTC1 1 96/LTC1 1 98 have been designed to 
optimize input bandwidth, allowing the ADCs to 
undersample input signals with frequencies above the 
converters’ Nyquist Frequency. 
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3V VERSUS 5V PERFORMANCE COMPARISON 

Table 1 shows the performance comparison between 3 V 
and 5V supplies. The power dissipation drops by a factor 
of five when the supply is reduced to 3 V. The converter 
slows down somewhat but still gives excellent perfor- 
mance on a 3 V rail. With a 3 V supply, the LTC1196 
converts in 1.6ps, samples at 450kHz, and provides a 
500kHz linear-input bandwidth. 

Dynamic accuracy is excellent on both 5 V and 3 V. The 
ADCs typically provide 49.3dB of 7.9 ENOBs of dynamic 
accuracy at both 3 V and 5V. The noise floor is extremely 
low, corresponding to a transition noise of less than 
0.1 LSB. DC accuracy includes ±0.5LSB total unadjusted 
error at 5V. At 3V, linearity error is ±0.5LSB while total 
unadjusted error increases to ±1 LSB. 


Table 1. 5V/3V Performance Comparison 


LTC1 196-1 

5V 

3V 

Pdiss 

50mW 

lOmW 

MaxfsMPL 

1MHz 

383kHz 

Min tcoNv 

600ns 

1.6ps 

INL (Max) 

0.5LSB 

0.5LSB 

Typical ENOBs 

7.9 at 300kHz 

7.9 at 100kHz 

Linear Input Bandwidth (ENOBs > 7) 

1MHz 

500kHz 


LTC1 198-1 


Pdiss 

50mW 

10mW 

Pdiss (Shutdown) 

1 5julW 

9jnW 

MaxfsMPL 

750kHz 

287kHz 

Min tcoNv 

600ns 

1.6ps 

INL (Max) 

0.5LSB 

0.5LSB 

Typical ENOBs 

7.9 at 300kHz 

7.9 at 100kHz 

Linear Input Bandwidth (ENOBs > 7) 

1MHz 

500kHz 


TYPICAL APPLICATION 


PLD Interface Using the Altera EPM5064 

The Altera EPM5064 has been chosen to demonstrate the 
interface between the LTC1 1 96 and a PLD. The EPM5064 
is programmed to be a 12-bit counter and an equivalent 
74HC595 8-bit shift register as shown in Figure 12. The 
circuit works as follows: bringing ENA high makes the CS 
output high and the EN input low to reset the LTCIj 96 and 
disable the shift register. Bringing ENA low, the CS output 



goes high for one CLK cyclewith every 1 2 CLK cycles. The 
inverted signal, EN, of the CS output makes the 8-bit data 
available on the B0-B7] lines. Figures 1 3 and 1 4 show the 
interconnection between the LTC1 196 and EPM5064 and 
the timing diagram of the signals between these two 
devices. The CLK frequency in this circuit can run up to 
fcLK(MAX) of the LTC1196. 


Vcc CLK ENA 



Figure 12. An Equivalent Circuit of the EPM5064 Figure 13. Intefacing the LTC1196 to the Altera EPM5064 PLD 
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Figure 14. The Timing Diagram 


Interfacing the LTC1198 to the TMS320C25 DSP 

Figure 15 illustrates the interface between the LTC1198 
8-bit data acquisition system and the TMS320C25 digital 
signal processor (DSP). The interface, which is optimized 
for speed of transfer and minimum processor supervi- 
sion, can complete a conversion and shift the data in 4jlis 
with foLK = 5MHz. The cycle time, 4|_is, of each conversion 
is limited by maximum clock frequency of the serial port 
of the TMS320C25 which is 5MHz. The supply voltage for 


5MHz CLK 



11 96/98 FI 5 


Figure 15. Interfacing the LTC1198 to the TMS320C25 DSP 


the LTC1198 in Figure 15 can be 2.7V to 6 V with f^x = 
5MHz. At 2.7 V, fcLK = 5MHz will work at 25°C. See 
Recommended Operating Conditions for limits over tem- 
perature. 

Hardware Description 

The circuit works as follows: the LTC1198 clock line 
controls the A/D conversion rate and the data shift rate. 
Data is transferred in a synchronous format over Dim and 
Dqut- The serial port of the TMS320C25 is compatible with 
that of the LTC1198. The data shift clock lines (CLKR, 
CLKX) are inputs only. The data shift clock comes from an 
external source. Inverting the shift clock is necessary 
because the LTC1 1 98 and the TMS320C25 clock the input 
data on opposite edges. 

The schematic of Figure 15 is fed by an external clock 
source. The signal is fed into the CLK pin of the LTC1 1 98 
directly. The signal is inverted with a 74HC04 and then 
applied to the data shift clock lines (CLKR, CLKX). The 
framing pulse of the TMS320C25 is fed directly to the CS 
of the LTC1198. DX and DR are tied directly to Din and 
Dqut respectively. 
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The timing diagram of Figure 16 was obtained from the 
circuit of Figure 15. The CLK was 5MHz for the timing 
diagram and the TMS320C25 clock rate was 40MHz. 
Figure 17 shows the timing diagram with the LTC1198 
running off a 2.7V supply and 5MHz CLK. 



NULL MSB LSB 

BITS (B7) (BO) 


HORIZONTAL: 1500ns/DIV 

I196/9SF16 

Figure 16. Scope Trace the LTC1198 Running Off 
5V Supply in the Circuit of Figure 15 



NULL MSB LSB 

BITS (B7) (BO) 


HORIZONTAL: 500ns/DIV 


Figure 17. Scope Trace the LTC1198 Running Off 
2.7V Supply in the Circuit of Figure 15 


Software Description 

The software configures and controls the serial port of the 
TMS320C25. 

The code first sets up the interrupt and reset vectors. On 
reset the TMS320C25 starts executing code at the label 
I NIT. Upon completion of a 1 6-bit data transfer, an inter- 
rupt is generated and the DSP will begin executing code at 
the label RINT. 

In the beginning, the code initializes registers in the 
TMS320C25 that will be used in the transfer routine. The 
interrupts are temporarily disabled. The data memory 
page pointer register is set to zero. The auxiliary register 
pointer is loaded with one and auxiliary register one is 
loaded with the value 200 hexadecimal. This is the data 
memory location where the data from the LTC1 1 98 will be 
stored. The interrupt mask register (IMR) is configured to 
recognize the RINT interrupt, which is generated after 
receiving the last of 1 6 bits on the serial port. This interrupt 
is still disabled at this time. The transmit framing synchro- 
nization pin (FSX) is configured to be an output. The FO bit 
of the status register ST1 , is initialized to zero which sets 
up the serial port to operate in the 16-bit mode. 

Next, the code in TXRX routine starts to transmit and 
receive data. The Din word is loaded into the ACC and 
shifted left eight times so that it appears as in Figure 18. 
This Dim word configures the LTC1198 for CHO with 
respect to CHI. The word is then put in the transmit 
register and the RINT interrupt is enabled. The NOP is 
repeated 3 times to mask out the interrupts and minimize 
the cycle timeof the conversion to be 20 clock cycles. All 
clocking and CSfunctions are performed by the hardware. 


B15 B8 


0 

1 

0 

0 

0 

1 

0 

0 


START 

S/D 

O/S 

DUMMY 

DUMMY 




Figure 18. Din Word in ACC of TMS320C25 for the 
Circuit in Figure 15 
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Once RINT is generated the code begins execution at the 
label RINT. This code stores the Dout word from the 
LTC1 1 98 in the ACC and then stores it in location 200 hex. 
The data appears in location 200 hex right-justified as 
shown in Figure 1 9. The code is set up to continually loop, 
so at this point the code jumps to label TXRX and repeats 
from here. 


MSB LSB 


0 

3 

i 

0 

0 

0 

0 

X 

□ 

6 

5 

4 

3 

2 

1 

0 


Dout FROM LTC1198 STORED IN TMS320C25 RAM 

Figure 19. Memory Map for the Circuit in Figure 15 


LABEL 

MNEMONIC 


COMMENTS 


AORG 

0 

ON RESET CODE EXECUTION STARTS AT 0 


B 

INIT 

BRANCH TO INITIALIZATION ROUTINE 


AORG 

>26 

ADDRESS OF RINT INTERRUPT VECTOR 


B 

RINT 

BRANCH TO RINT SERVICE ROUTINE 


AORG 

>32 

MAIN PROGRAM STARTS HERE 

INIT 

DINT 


DISABLE INTERRUPTS 


LDPK 

>0 

SET DATA MEMORY PAGE POINTER TO 0 


LARP 

>1 

SET AUXILIARY REGISTER POINTER TO 1 


LRLK 

AR1 ,>200 

SET AUXILIARY REGISTER 1 TO >200 


LACK 

>10 

LOAD IMR CONFIG WORD INTO ACC 


SACL 

>4 

STORE IMR CONFIG WORD INTO IMR 


STXM 


CONFIGURE FSX AS AN OUTPUT 


FORT 

0 

SET SERIAL PORT TO 16-BIT MODE 

TXRX 

LACK 

>44 

LOAD LTC1198 D )N WORD INTO ACC 


SFSM 


FSX PULSES GENERATED ON XSR LOAD 


RPTK 

7 

REPEAT NEXT INSTRUCTION 8 TIMES 


SFL 


SHIFTS D| N WORD TO RIGHT POSITION 


SACL 

>1 

PUT Dim WORD IN TRANSMIT REGISTER 


EINT 


ENABLE INTERRUPT (DISABLED ON RINT) 


RPTK 

2 

MINIMIZE THE CONVERSION CYCLE TIME 


NOP 


TO BE 20 CLOCK CYCLES 

RINT 

ZALS 

>0 

STORE LTC1198 DOUT WORD IN ACC 


SACL 

*,0 

STORE ACC IN LOCATION >200 


B 

TXRX 

BRANCH TO TRANSMIT RECEIVE ROUTINE 


END 




Figure 20. TMS320C25 Code for the Circuit in Figure 15 


>200 
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LTC1273 

LTC1275/LTC1276 

1 2-Bit, 300ksps Sampling 
A/D Converters with Reference 


KATUfteS 

■ Single Supply 5V or ±5V Operation 

■ 300ksps Sample Rate 

■ 75mW (Typ) Power Dissipation 

■ On-Chip 25ppm/°C Reference 

■ Internal Synchronized Clock; No Clock Required 

■ High Impedance Analog Input 

■ 70dB S/(N + D) and 77dB THD at Nyquist 

■ ±1/2LSB INL and +3/4LSB DNL Max (A Grade) 

■ ESD Protected On All Pins 

■ 24-Pin Narrow DIP and SOL Packages 

■ Variety of Input Ranges: 

OV to 5V (LTC1 273) 

+2.5V (LTC1275) 

±5V (LTC1276) 

APPLICATION 

■ High Speed Data Acquisition 

■ Digital Signal Processing 

■ Multiplexed Data Acquisition Systems 

■ Audio and Telecom Processing 

■ Spectrum Analysis 


DCSCAIPTIOA 

The LTC1 273/LTC1 275/LTC1 276 are 300ksps, sampling 
12-bit A/D converters that draw only 75mW from single 
5 V or ±5V supplies. These easy-to-use devices come 
complete with 600ns sample-and-holds, precision refer- 
ences and internally trimmed clocks. Unipolar and bipo- 
lar conversion modes provideflexibility for various appli- 
cations. They are built with LTBiCMOS™ switched ca- 
pacitor technology. 

These devices have 25ppm/°C (max) internal references. 
The LTC1273 converts 0V to 5 V unipolar inputs from a 
single 5 V supply. The LTC1 275/LTC1 276 convert ±2.5V 
and ±5V respectively from ±5V supplies. Maximum DC 
specifications include +1/2LSB INL, ±3/4LSB DNL and 
25ppm/°C full scale drift over temperature. Outstanding 
AC performance includes 70dB S/(N + D) and 77dB THD 
at the Nyquist input frequency of 150kHz. 

The internal clock is trimmed for 2.7ps maximum conver- 
sion time. The clock automatically synchronizes to each 
sample command eliminating problems with asynchro- 
nous clock noise found in competitive devices. A high 
speed parallel interface eases connections to FIFOs, DSPs 
and microprocessors. 

LTBiCMOS™ is a trademark of Linear Technology Corporation 


TVPICAI APPUCATIOn 


Single 5V Supply, 300ksps, 12-Bit Sampling A/D Converter 

LTC1273 5V 



Effective Bits and Signal to (Noise + Distortion) 
vs Input Frequency 

12 
11 
10 
9 

co 8 
S 7 

I 6 

| 5 

m 4 

3 
2 
1 
0 

10k 100k 1M 2M 

INPUT FREQUENCY (Hz) 

LTC 1273/75/76 • TA02 
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rgsoiutc mnximum RnnnGs (Mesial 

Supply Voltage (Vdd) 12 V 

Negative Supply Voltage (V$s) 


LTC1 275/LTC1 276 -6V toGND 

Total Supply Voltage (V DD to Vss) 

LTC1 275/LTC1 276 12V 

Analog Input Voltage (Note 3) 

LTC1273 -0.3V to V DD + 0.3V 

LTC1 275/LTC1 276 V ss - 0.3V to V DD + 0.3V 

Digital Input Voltage (Note 4) 

LTC1273 -0.3V to 12V 

LTC1 275/LTC1 276 V ss - 0.3V to 12V 


Digital Output Voltage (Note 3) 

LTC1273 -0.3V to V DD + 0.3V 

LTC1275/LTC1276 V ss - 0.3V to V DD + 0.3V 


Power Dissipation 500mW 

Operating Temperature Range 
LTC1273AC, LTC1273BC, LTC1275AC 
LTC1275BC, LTC1276AC, LTC1276BC .... 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRGC/ORD6R mFORfflRTIOn 



TOP VIEW 


ORDER 


TOP VIEW 


ORDER 

Ain E 

W 

24 } V DD 

PART NUMBER 

Ain E 


m v DD 

PART NUMBER 

VrEF 1_2_ 
AGND |T 
Dll [T 
D10 E 

09 E 


23] NC 

22] BOSY 

H] CS 

20] RD 

If] HBEN 

LTC1273ACN 

LTC1273BCN 

LTC1273ACS 

Vref E 
AGND E 

Dll {7 

D10 E 
D9 E 


Vss 

22] BUSY 
m CS 

m rd 

m HBEN 

LTC1275ACN 

LTC1275BCN 

LTC1275ACS 

D8 [7 

D 7 |T 

D6 [7 

D5 Qo 
D4 QT 
DGND Q2 


in nc 
m nc 

ID DO/8 

m di/9 
u} D2/10 
m D3/n 

LTC1273BCS 

D8 E 
D7 E 
D6 E 
D5 go 
D4 E 
DGND Q| 


m nc 
m nc 

m DO/8 

m di/ 9 
m D2/10 
m D3/n 

LTC1275BCS 

LTC1276ACN 

LTC1276BCN 

LTC1276ACS 

LTC1276BCS 

N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 


N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 


Tjmax = 
Tjmax 

110°C, 0j A = 1 00°C/W (N) 

1 10°C, 0 JA = 130°C/W (S) 


Tjmax = 
Tjmax = 

11O o C,0j A =1OO o C/W (N) 

110°C, 0 JA = 130°C/W (S) 



Consult factory for Industrial and Military grade parts. 
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LTC1 273A/LTC1 275A/LTC1 276A 

LTC1 273B/LTC1 275B/LTC1 276B 


PARAMETER 

CONDITIONS 


MIN TYP MAX 

MIN TYP MAX 

UNITS 

Resolution (No Missing Codes) 


• 

12 

12 

Bits 

Integral Linearity Error 

(Note 7) 


±1/2 

±1 

LSB 


Commercial 

• 

±1/2 

±1 

LSB 


Military 

• 

±3/4 

±1 

LSB 

Differential Linearity Error 

Commercial 

• 

±3/4 

±1 

LSB 


Military 

• 

±1 

±1 

LSB 

Offset Error 

(Note 8) 


±3 

±4 

LSB 



• 

±4 

±6 

LSB 

Gain Error 



±10 

±15 

LSB 

Gain Error Tempco 

•OUT(REFERENCE) = 0 

• 

±5 ±25 

±10 ±45 

ppm/°C 
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LTC1275/LTC1276 


Dvnnmic accuracy (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 273A/LTC1 275A/LTC1 276A 
LTC1 273B/LTC1 275B/LTC1 276B 
MIN TYP MAX 

UNITS 

S/(N + D) 

Signal-to-Noise Plus Distortion Ratio 

50kHz/1 50kHz Input Signal 

72/70 

dB 

THD 

Total Harmonic Distortion 

Up to 5th Harmonic 

50kHz/1 50kHz Input Signal 

-83/- 74 

dB 


Peak Harmonic or Spurious Noise 

50kHz/1 50kHz Input Signal 

-85/- 76 

dB 

IMD 

Intermodulation Distortion 

fiNi = 29.37kHz, f|N 2 = 32.446kHz 

-80 

dB 


Full Power Bandwidth 


4.5 

MHz 


Full Linear Bandwidth (S/(N + D) > 68dB) 


200 

kHz 


aaalog iaput (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 273A/LTC1 275A/LTC1 276A 
LTC1 273B/LTC1 275B/LTC1 276B 
MIN TYP MAX 

UNITS 

V|N 

Analog Input Range (Note 9) 

4.95V <V DD < 5.25V (LTC1273) 

• 

0 to 5 

V 



4.75V < V DD < 5.25V, -5.25V < V SS < -2.45V (LTC1 275) 

• 

±2.5 

V 



4.95V < V DD < 5.25V, -5.25V < V ss < -4.95V (LTC1 276) 

• 

±5 

V 

■in 

Analog Input Leakage Current 

CS = High 

• 

±1 

mA 

C||\| 

Analog Input Capacitance 

Between Conversions (Sample Mode) 


50 

pF 



During Conversions (Hold Mode) 


5 

PF 

tACQ 

Sample-and-Hold 

Commercial 

• 

600 

ns 


Acquisition Time 

Military 

• 

1000 

ns 


iatcraal rcfcrcacc chrrrctcristics (N ote 5) 


PARAMETER 

CONDITIONS 

LTC1 273A/LTC1 275A/LTC1 276A 
MIN TYP MAX 

LTC1 273B/LTC1 275B/LTC1 276B 
MIN TYP MAX 

UNITS 

Vref Output Voltage 

•out = 0 


2.400 2.420 2.440 

2.400 2.420 2.440 

V 

V R ef Output Tempco 

o 

ii 

_o 

• 

±5 ±25 

±10 ±45 

ppm/°C 

Vref Line Regulation 

4.95V <V DD < 5.25V 


0.01 

0.01 

LSB/V 


-5.25V < V ss < -4.95V 


0.01 

0.01 

LSB/V 

Vref Load Regulation 

0V < IIqutI - 1 niA 


2 

2 

LSB/mA 


DIGITAL IRPUTS RRD DIGITAL OUTPUTS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 273A/LTC1 275A/LTC1 276A 
LTC1 273B/LTC1 275B/LTC1 276B 
MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

V DD = 5.25V 

• 

2.4 

V 

V| L 

Low Level Input Voltage 

V DD = 4.95V 

• 

0.8 

V 

•in 

Digital Input Current 

V|N = 0V to Vqd 

• 

±10 

mA 

0|N 

Digital Input Capacitance 



5 

PF 

VoH 

High Level Output Voltage 

V DD = 4.95V 






o 

II 

1 

CD 

■£> 


4.7 

V 



| l 0 = -200pA 

• 

4.0 

V 
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LTC1275/LTC1276 


DIGITAL IAPUTS AAD DIGITAL OUTPUTS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 273A/LTC1 275 A/LTC1 276A 
LTC1 273B/LTC1275B/LTC1 276B 
MIN TYP MAX 

UNITS 

VOL 

Low Level Output Voltage 

V DD = 4.95V 







lo = 160|iA 


0.05 

V 




lo = 1.6mA 

• 

0.10 0.4 

V 

•oz 

High Z Output Leakage Dll -DO/8 

Vout = OV to Vqd, CS High 

• 

±10 

mA 

Coz 

High Z Output Capacitance D1 1 -DO/8 

CS High (Note 9) 

• 

15 

PF 

•source 

Output Source Current 

% 

ii 

o 

> 


-10 

mA 

•sink 

Output Sink Current 

Vout = Vdd 


10 

mA 

POWER ACQUIACmCATS 

(Note 5) 







LTC1 273A/LTC1 275A/LTC1 276A 






LTC1 273B/LTC1 275B/LTC1 276B 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vdd 

Positive Supply Voltage 

LTC1273/LTC1276 (Notes 10, 11) 


4.95 5.25 

V 




LTC1275 (Note 10) 


4.75 5.25 

V 

Vss 

Negative Supply Voltage 

LTC1275 (Note 10) 1 


-2.45 -5.25 

V 




LTC1276 (Notes 10, 11) 


-4.95 -5.25 

V 

•dd 

Positive Supply Current 


• 

15 25 

mA 

•ss 

Negative Supply Current 

LTC1 275/LTC1 276 

• 

0.065 0.200 

mA 

Pd 

Power Dissipation 



75 

mW 

TlfniRG CHRRRCTCRISTICS See Timing Characteristics Figures (Note 5) 





LTC1 273A/LTC1 275A/LTC1 276A 






LTC1 273B/LTC1 275B/LTC1 276B 


SYMBOL 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

fSAMPLE(MAX) 

Maximum Sampling Frequency 

(Note 10) 







Commercial 

• 

300 

kHz 




Military 

• 

250 

kHz 

tcONV 


Conversion Time 

Commercial 

• 

2.7 

MS 




Military 

• 

3.0 

MS 

tl 

CS to RD Setup Time 


• 

0 

ns 

t2 


RD to BUSY Delay 

C L = 50pF 


80 190 

ns 




Commercial 

• 

230 

ns 




Military 

• 

270 

ns 

*3 


Data Access Time After RDT 

C L = 20pF 


CD 

CD 

O 

ns 




Commercial 

• 

110 

ns 




Military 

• 

120 

ns 




C L = tOOpF 


50 125 

ns 




Commercial 

• 

150 

ns 




Military 

• 

170 

ns 

t 4 

RD Pulse Width 


• 

*3 

ns 

t5 

CS to RD Hold Time 


• 

0 

ns 

t6 


Data Setup Time After BUSY? 



40 70 

ns 




Commercial 


90 

ns 




Military 


100 

ns 
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TimmG CHRRRCTCRISTICS See Timing Characteristics Figures (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 273A/LTC1 275A/LTC1 276A 
LTC1 273B/LTC1 275B/LTC1 276B 
MIN TYP MAX 

UNITS 

t? 

Bus Relinquish Time 



20 

30 

75 

ns 



Commercial 

• 

20 


85 

ns 



Military 

• 

20 


90 

ns 

t8 

HBEN to RD Setup Time 


• 

0 

ns 

t9 

HBEN to RD Hold Time 


• 

0 

ns 

Ho 

Delay Between RD Operations 


• 

40 

ns 

Hi 

Delay Between Conversions 

(Note 10) 


500 



ns 



Commercial 

• 

600 



ns 



Military 

• 

1000 



ns 

tl2 

Aperture Delay of Sample-and-Hold 



25 

ns 


The • indicates specifications which apply over the full operating 
temperature range; all other limits and typicals Ta = 25°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND and 
AGND wired together (unless otherwise noted). 

Note 3: When these pin voltages are taken below Vss (ground for 
LTC1273) or above Vqd, they will be clamped by internal diodes. This 
product can handle input currents greater than 60mA below Vss (ground 
for LTC1273) or above V D d without latch-up. 

Note 4: When these pin voltages are taken below Vss (ground for 
LTC1273) they will be clamped by internal diodes. This product can 
handle input currents greater than 60mA below Vss (ground for LTC1273) 
without latch-up. These pins are not clamped to Vdd. 

Note 5: V DD = 5V (V ss = -5 V for LTC1275/LTC1276), 300kHz at 70°C and 
250kHz at 125°C, t r = tf = 5ns unless otherwise specified. 


Note 6: Linearity, offset and full scale specifications apply for unipolar and 
bipolar modes. 

Note 7: Integral nonlinearity is defined as the deviation of a code from a 
straight line passing through the actual endpoints of the transfer curve. 
The deviation is measured from the center of the quantization band. 

Note 8: Bipolar offset (LTC1 275/LTC1 276) is the different voltage 
measured from -0.5LSB when the LTC1 275/LTC1 276 output code flickers 
between 0000 0000 0000 and 1 1 1 1 1 1 1 1 1 1 1 1 . 

Note 9: Guaranteed by design, not subject to test. 

Note 10: Recommended operating conditions. 

Notell: Aim must not exceed Vdd or fall below Vss by m ore than 50mV 
for specified accuracy. Therefore the minimum supply voltage for the 
LTC1273 is +4.95V. The minimum supplies for the LTC1275 are +4.75V 
and -2.45V and the minimum supplies for the LTC1276 are ±4.95V. 


TimmG CHRRRCTCRISTICS (Note 5) 


Slow Memory Mode, Parallel Read Timing Diagram 


ROM Mode, Parallel Read Timing Diagram 
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Slow Memory Mode, Two Byte Read Timing Diagram 
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Integral Nonlinearity 


Differential Nonlinearity 


Supply Current vs Temperature 
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CODE 
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CODE 
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TEMPERATURE (°C) 

LTC1 273/75/76 - TPC03 


ENOBs and S/(N + D) 
vs Input Frequency 


Signal-to-Noise Ratio (Without 
Harmonics) vs Input Frequency 
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Distortion vs Input Frequency 
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Power Supply Feedthrough 
vs Ripple Frequency (LTC1273) 


Power Supply Feedthrough 
vs Ripple Frequency (LTC1 275/76) 


^SAMPLE = 300kHz 


^SAMPLE = 300kHz 


Vdd 

(VRIPPLE = 1mV) 


DGND 
" (Vrjpple = 0.1V) 


Vdd(Vripple = ImV) 

DGND (Vripple = 0.1V). 
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Acquisition Time 

Intermodulation Distortion Plot vs Source Impedance 
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S/(N + D) vs Input Frequency and 
Amplitude 



Ik 10k 100k 1M 10M 

INPUT FREQUENCY (Hz) 
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Spurious Free Dynamic Range 
vs Input Frequency 



10k 100k 1M 10M 


INPUT FREQUENCY (Hz) 

LTC 1273/75/76 • TPC12 


Reference Voltage 
vs Load Current 



-5 -4 -3-2-10 12 

LOAD CURRENT (mA) 

LTC1273/75/76 • TPC13 



pm Funcuons 

% (Pin 1): Analog Input. 0V to 5 V (LTC1273), ±2.5 V 
(LTC1275) or±5V (LTC1276). 

Vref (Pin 2): +2.42V Reference Output. Bypass to AGND 
(1 OpF tantalum in parallel with 0.1 pF ceramic). 

AGND (Pin 3): Analog Ground. 

D11-D4 (Pins 4 to 11): Three-State Data Outputs. 

DGND (Pin 12): Digital Ground. 

D3/11-D0/8 (Pins 13 to 16): Three-State Data Outputs. 

NC (Pins 17 and 18): No Connection. 


HBEN (Pin 19): High Byte Enable Input. This pin is used to 
multiplex the internal 12-bit conversion result into the 
lower bit outputs (D7-D0/8). See Table 1. HBEN also 
disables conversion start when HIGH. 

RD (Pin 20): READJnput. This active lowsignal starts a 
conversion when CS andJTBEN are low. RD also enables 
the output drivers when CS is low. 

CS (Pin 21): The CHIP SELECT Input must be low for the 
ADC to recognize RD and HBEN inputs. 

BUSY (Pin 22): The BUSY Output shows the converter 
status. It is low when a conversion is in progress. 
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Vss (Pin23): Negative Supply.— 5VforLTC1 275/LTC1 276. Vdd (Pin 24): Positive Supply, 5 V. Bypass to AGND (1 OpF 

Bypass to AGND with 0.1 pF ceramic. tantalum in parallel with 0.1 pF ceramic). 

NC (Pin 23): No Connection for LTC1 273. 

Table 1. Data Bus Output, CS and RD = LOW 



Pin 4 

Pin 5 

Pin 6 

Pin 7 

Pin 8 

Pin 9 

Pin 10 

Pin 11 

Pin 13 

Pin 14 

Pin 15 

Pin 16 

MNEMONIC* 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

HBEN = LOW 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

HBEN = HIGH 

DB11 

DB10 

DB9 

DB8 

LOW 

LOW 

LOW 

LOW 

DB11 

DB10 

DB9 

DB8 


* Dll ...DO/8 are the ADC data output pins. 

DB1 1 ...DBO are the 1 2-bit conversion results, DB1 1 is the MSB. 


FunTionni block DinGRnm 


SAMPLE 



T€ST CIRCUITS 

Load Circuits for Access Time 


Load Circuits for Output Float Delay 



A) HIGH-Z TO V 0H (t 3 ) 
AND Vq L TO V 0H (t 6 ) 


5V 



B) HIGH-Z TO V 0L (t 3 ) 
AND V 0H TO V 0L (t 6 ) 

1 273/75/76 *TA07 


5V 



A) V 0H TO HIGH-Z B) V 0L TO HIGH-Z 

1273/75/76-TA08 
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CONVERSION DETAILS 

The LTC1 273/LTC1 275/LTC1 276 use a successive ap- 
proximation algorithm and an internal sample-and-hold 
circuit to convert an analog signal to a 12-bit parallel or 
2-byte output. The ADCs are complete with a precision 
reference and an internal clock. The control logic provides 
easy interface to microprocessors and DSPs. (Please refer 
to the Digital Interface section for the data format.) 

Conversion start is controlled by the CS, RD and HBEN 
inputs. At the start of conversion the successive approxi- 
mation register (SAR) is reset and the three-state data 
outputs are enabled. Once a conversion cycle has begun 
it cannot be restarted. 

During conversion, the internal 12-bit capacitive DAC 
output is sequenced by the SAR from the most significant 
bit (MSB) to the least significant bit (LSB). Referring to 
Figure 1, the Ain input connects to the sample-and-hold 
capacitor during the acquire phase, and the comparator 
offset is nulled by the feedback switch. In this acquire 
phase, a minimum delay of 600ns will provide enough 
time for the sample-and-hold capacitor to acquire the 
analog signal. During the convert phase, the comparator 
feedback switch opens, putting the comparator into the 
compare mode. The input switch switches Csample to 
ground, injecting the analog input charge onto the sum- 
ming junction. This input charge is successively com- 
pared with the binary-weighted charges supplied by the 


capacitive DAC. Bit decisions are made by the high speed 
comparator. At the end of a conversion, the DAC output 
balances the Ain input charge. The SAR contents (a 1 2-bit 
data word) which represent the A| N are loaded into the 
12-bit output latches. 

DYNAMIC PERFORMANCE 

The LTC1 273/LTC1 275/LTC1 276 have an exceptionally 
high speed sampling capability. FFT (Fast Fourier Trans- 
form) test techniques are used to characterize the ADC’s 
frequency response, distortion and noise at the rated 
throughput. By applying a low distortion sine wave and 
analyzing the digital output using an FFT algorithm, the 
ADC’s spectral content can be examined for frequencies 
outsidethefundamental. Figure 2 showsatypical LTC1 275 
FFT plot. 

Signal-to-Noise Ratio 

The Signal-to-Noise plus Distortion Ratio [S/(N + D)] is the 
ratio between the RMS amplitude of the fundamental input 
frequency to the RMS amplitude of all other frequency 
components at the A/D output. The output is band limited 
to frequencies from above DC and below half the sampling 
frequency. Figure 2 shows a typical spectral content with 
a 300kHz sampling rate and a 29kHz input. The dynamic 
performance is excellent for input frequencies up to the 
Nyquist limit of 150kHz. 



SAMPLE 



O 
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0 20 40 60 80 100 120 140 160 
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Figure 2. LTC1275 Nonaveraged, 1024 Point FFT Plot 
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Effective Number of Bits 

The Effective Number of Bits (ENOBs) isa measurement of 
the resolution of an ADC and is directly related to the 
S/(N + D) by the equation: 

N = [S/(N + D) - 1 ,76]/6.02 

where N is the Effective Number of Bits of resolution and 
S/(N + D) is expressed in dB. At the maximum sampling 
rate of 300kHz the LTC1 273/LTC1 275/LTC1 276 maintain 
very good ENOBs up to the Nyquist input frequency of 
150kHz. Refer to Figure 3. 



100k 1M 2M 

INPUT FREQUENCY (Hz) 

LTC 1273/75/76 • F03 


Figure 3. Effective Bits and Signal to (Noise + Distortion) 
vs Input Frequency 


Total Harmonic Distortion 

Total Harmonic Distortion (THD) is the ratio of the RMS 
sum of all harmonics oftheinputsignaltothefundamental 
itself. The out-of-band harmonics alias into the frequency 
band between DC and half the sampling frequency. THD is 
expressed as: 

THD = 20log«3I *3173 
V 1 

where Vi is the RMS amplitude of the fundamental fre- 
quency and V 2 through are the amplitudes of the 
second through Nth harmonics. THD versus input fre- 


quency is shown in Figure 4. The LTC1 273/LTC1275/ 
LTC1 276 have good distortion performance up to Nyquist 
and beyond. 



Ik 10k 100k 1M 10M 

INPUT FREQUENCY (Hz) 


LTC1 273/75/76 »F04 

Figure 4. Distortion vs Input Frequency 


Intermodulation Distortion 

If the ADC input signal consists of more than one spectral 
component, the ADC transfer function nonlinearity can 
produce intermodulation distortion (IMD) in addition to 
THD. IMD is the change in one sinusoidal input caused by 
the presence of another sinusoidal input at a different 
frequency. 

If two pure sine waves of frequencies fa and fb are applied 
to the ADC input, nonlinearities in the ADC transfer func- 
tion can create distortion products at sum and difference 
frequencies of mfa ± nfb, where m and n = 0, 1 , 2, 3, etc. 
For example, the 2nd order IMD terms include (fa+fb) and 
(fa - fb) while the 3rd order IMD terms include (2fa + fb), 
(2fa - fb), (fa + 2fb), and (fa - 2fb). If the two input sine 
waves are equal in magnitude, the value (in decibels) of the 
2nd order IMD products can be expressed by the following 
formula: 


IMD (fa ± fb) = 20log 


Amplitude at (fa ± fb) 
Amplitude at fa 
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Figure 5 shows the IMD performance at a 30kHz input. 



FREQUENCY (kHz) 

LTC1273/75/76 * F05 

Figure 5. Intermodulation Distortion Plot 


Peak Harmonic or Spurious Noise 

The peak harmonic or spurious noise is the largest spec- 
tral component excluding the input signal and DC. This 
value is expressed in decibels relative to the RMS value of 
a full scale input signal. 

Full Power and Full Linear Bandwidth 

The full power bandwidth is that input frequency at which 
the amplitude of the reconstructed fundamental is re- 
duced by 3dB for a full scale input signal. 

The full linear bandwidth is the input frequency at which 
the S/(N + D) has dropped to 68dB (1 1 effective bits). The 
LTC1 273/LTC1 275/LTC1 276 have been designed to opti- 
mize input bandwidth, allowing ADCs to undersample 
input signals with frequencies above the converters’ Nyquist 
Frequency. The noise floor stays very low at high frequen- 
cies; S/(N + D) becomes dominated by distortion at 
frequencies far beyond Nyquist. 

Driving the Analog Input 

The analog inputs of the LTC1 273/LTC1 275/LTC1 276 are 
easy to drive. They draw only one small current spike while 
charging the sample-and-hold capacitor at the end of 
conversion. During conversion the analog input draws no 
current. The only requirement is that the amplifier driving 


the analog input must settle after the small current spike 
before the next conversion starts. Any op amp that settles 
in 600ns to small current transients will allow maximum 
speed operation. If slower op amps are used, more settling 
time can be provided by increasing the time between 
conversions. Suitable devices capable of driving the ADCs’ 
Aim input include the LT1190/LT1191, LT1007, LT1220, 
LT1223 and LT1224 op amps. 

The analog input tolerates source resistance very well. 
Here again, the only requirement is that the analog input 
must settle before the next conversion starts. For larger 
source resistance, full DC accuracy can be obtained if 
more time is allowed between conversions. For more 
information, see the Acquisition Time vs Source Resis- 
tance curve in the Typical Performance Characteristics 
section. For optimum frequency domain performance 
[e.g., S/(N + D)], keep the source resistance below 1000. 

Internal Reference 

The LTC1 273/LTC1 275/LTC1276 have an on-chip, tem- 
perature compensated, curvature corrected, bandgap ref- 
erence which is factory trimmed to 2.42V. It is internally 
connected to the DAC and is available at pin 2 to provide 
up to 1mA current to an external load. 

For minimum code transition noise the reference output 
should be decoupled with a capacitor to filter wideband 
noise from the reference (lOpF tantalum in parallel with a 
0.1 piF ceramic). 

In the LTC1275, the Vref pin can be driven above its 
normal value with a DAC or other means to provide input 
span adjustment orto improve the reference temperature 
drift. Figure 6 shows an LT1006 op amp driving the 

INPUT RANGE 
±1.033Vref(ouT) 


Figure 6. Driving the V REF with the LT1006 Op Amp 
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reference pin. The Vref pin must be driven to at least 
2.45V to prevent conflict with the internal reference. The 
reference should be driven to no more than 4.8V to keep 
the input span within the ±5V supplies. In the LTC1 273/ 
LT1276, the input spans are OV to 5V and +5V respec- 
tively with the internal reference. Driving the reference is 
not recommended on the LTC1 273/LTC1 276 since the 
input spans will exceed the supplies and codes will be lost 
at full scale. 

Figure 7 shows a typical reference, the LT101 9A-2.5 
connected to the LTC1 275. This will provide an improved 
drift (equal to the maximum 5ppm/°C of the LT 1 01 9A-2.5) 
and a±2.582V full scale. 

INPUT RANGE 

± 2.58V ““ H 


5V 

1 


M 

LTC1275 

V||\l 

VOUT 

LT1019A-2.5 


L_ 

Ain 

< 3Q 

r- 

Vref 

AGND 

GND 

=:iohf 


LTC1273/75/76 • F07 


± 




Figure 7. Supplying a 2.5V Reference Voltage 
to the LTC1275 with the LT1019A-2.5 

UNIPOLAR/BIPOLAR OPERATION AND ADJUSTMENT 

Figure 8 shows the ideal input/output characteristics for 
the LTC1 273. The code transitions occur midway between 
successive integer LSB values (i.e., 1/2LSB, 1 1/2LSBs, 
2 1/2LSBs, ... FS- 1 1/2LSBs). The output code is natural 
binary with 1 LSB = FS/4096 = 5V/4096 = 1 ,22mV. Figure 
9 shows the input/output transfer characteristics for the 
LTC1 275/LTC1 276 in 2’s complement format. As stated in 
the figure, 1LSB for LTC1275/LTC1276 are 1.22mV and 
2.44mV respectively. 

Unipolar Offset and Full Scale Adjustment (LTC1273) 

In applications where absolute accuracy is important, 
offset and full scale errors can be adjusted to zero. Figure 
10a shows the extra components required for full scale 
error adjustment. If both offset and full scale adjustments 
are needed, the circuit in Figure 10b can be used. Offset 



LSB 

INPUT VOLTAGE (V) 

LTC1 273/75/76 *F08 

Figure 8. LTC1273 Unipolar Transfer Characteristic 
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Figure 9. LTC1 275/LTC1 276 Bipolar Transfer Characteristic 



Figure 10a. Full Scale Adjust Circuit 
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Figure 10b. LTC1273 Offset and Full Scale Adjust Circuit 


should be adjusted before full scale. To adjust offset, apply 
0.61 mV (i.e., 1/2LSB) atthe input and adjustthe offsettrim 
until the LTC1 273 output code flickers between 0000 0000 
0000 and 0000 0000 0001 . To adjust full scale, apply an 
analog input of 4.9981 7 V (i.e., FS - 1 1/2LSBs or last code 
transition) at the input and adjust the full scale trim until 
the LTC1273 output code flickers between 1111 1111 
1110 and 1111 1111 1111. It should be noted that if 
negative ADC offsets need to be adjusted or if an output 
swing to ground is required, the op amp in Figure 10b 
requires a negative power supply. 

Bipolar Offset and Full Scale Adjustment 
(LTC1275/LTC1276) 

Bipolar offset and full scale errors are adjusted in a similar 
fashion to the unipolar case. Figure 10a shows the extra 
components required for full scale error adjustment. If 
both offset and full scale adjustments are needed, the 
circuit in Figure 1 0cean be used. Again, bipolar offset must 
be adjusted before full scale error. Bipolar offset adjust- 
ment is achieved by trimming the offset adjustment of 
Figure 1 0c while the input voltage is 1/2LSB below ground. 
This is done by applying an input voltage of -0.61 mV or - 
1 ,22mV (-0.5LSB for LTC1 275 or LTC1 276) to the input in 
Figure 10c and adjusting R8 until the ADC output code 
flickers between 0000 0000 0000 and 1 1 1 1 1 1 1 1 1 1 1 1 . For 
full scale adjustment, an input voltage of 2.49817V or 
4.99636V (FS - 1 1/2LSBs for LTC1275 or LTC1276) is 



Figure 10c. LTC1275/LTC1276 Offset and 
Full Scale Adjust Circuit 


applied to the input and R5 is adjusted until the output code 
flickers between 0111 1111 1 1 1 0 and 0111 1111 1111. 

BOARD LAYOUT AND BYPASSING 

The LTC 1 273/LTC 1 275/LTC1 276 are easy to use. To ob- 
tain the best performance from the devices a printed 
circuit board is required. Layout for the printed circuit 
board should ensure that digitaland analog signal lines are 
separated as much as possible. In particular, care should 
be taken not to run any digital track alongside an analog 
signal track. The analog input should be screened by 
AGND. 

High quality tantalum and ceramic bypass capacitors 
should be used atthe Vpo and Vref pins as shown in Figure 
11. For the LTC1 275/LTC1 276 a 0.1 pF ceramic provides 
adequate bypassing for the V$s pin. The capacitors must 
be located as close to the pins as possible. The traces 
connecting the pins and the bypass capacitors must be 
kept short and should be made as wide as possible. 

Noise: Input signal leads to A| W and signal return leads 
from AGND (Pin 3) should be kept as short as possible to 
minimize input noise coupling. In applications where this 
is not possible, a shielded cable between source and ADC 
is recommended. Also, since any potential difference in 
grounds between the signal source and ADC appears as an 
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Figure 11 . Power Supply Grounding Practice 


error voltage in series with the input signal, attention 
should be paid to reducing the ground circuit impedances 
as much as possible. 

A single point analog ground plane separate from the logic 
system ground should be established at Pin 3 (AGND) or 
as close as possible to the ADC, as shown in Figure 1 1 . Pin 
12 (DGND) and all other analog grounds should be con- 
nected to this single analog ground point. No other digital 
grounds should be connected to this analog ground point. 
Low impedance analog and digital power supply common 
returns are essential to low noise operation of the ADC and 
the width for these traces should be as wide as possible. 

In applications where the ADC data outputs and control 
signals are connected to a continuously active micropro- 
cessor bus, it is possible to get errors in conversion 
results. These errors are due to feedthrough from the 
microprocessor to the ADC. The problem can be elimi- 
nated by forcing the microprocessor into a WAIT state 
during conversion or by using three-state buffers to iso- 
late the ADC data bus. 

DIGITAL INTERFACE 

The ADCs are designed to interface wrto microprocessors 
as a memory mapped device. The CS and RD control 
inputs are common to all peripheral memory interfacing. 
The HBEN input serves as a data byte select for 8-bit 
processors and is normally either connected to the micro- 
processor address bus or grounded. 


Internal Clock 

These ADCs have an internal clockthat eliminates the need 
for synchronization between an external clock and the CS 
and RD signals found in other ADCs. The internal clock is 
factory trimmed to achieve a typical conversion time of 
2.45ps, and a maximum conversion time over the full 
operating temperature range of 2.7ps. No external adjust- 
ments are required and, with the guaranteed maximum 
acquisition time of 600ns, throughput performance of 
300ksps is assured. 

Timing and Control 

Conversion start and data read_operations are controlled 
by three digital inputs: HBEN, CS and RD. Figure 1 2 shows 
the logic structure associated with these inputs. The three 
signals are internally gated so that a logic “0” is required 



Figure 12. Internal Logic for Control Inputs CS, RD and HBEN 
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on all three inputs to initiate a conversion. Once initiated it 
cannot be restarted until the co nversio n is complete. 
Converter status is indicated by the BUSY output, and this 
is low while conversion is in progress. 

There are two modes of operation as outlined by the timing 
diagrams of Figures 13 to 16. Slow Memory Mode is 
designed for microprocessors which_can be_driven into a 
WAIT state. A READ operation brings CS and RD low which 
initiates a conversion and data is read when conversion is 
complete. The second is the ROM Mode which does not 
require jnicroprocessor WAIT states. A READ operation 
brings CS and RD low which initiates a conversion and 
reads the previous conversion result. 

Data Format 

The output format can be either a complete parallel load for 
1 6-bit microprocessors or a two byte load for 8-bit micro- 
processors. Data is always right justified (i.e., LSB is the 
most right-hand bit in a 1 6-bit word). For a two byte read , 
only data outputs D7...D0/8 are used. Byte selection is 
governed by the HBEN input which controls an internal 
digital multiplexer. This multiplexes the 12-bits of conver- 
sion data onto the lower D7...D0/8 outputs (4MSBs or 


8MSBs) where it can be read in two read cycles. The 
4MSBs always appear on D11...D8 whenever the three- 
state output drivers are turned on. 

Slow Memory Mode, Parallel Read (HBEN = LOW) 

Figure 13 and Table 2 show the timing diagram anddata 
bus status for Slow Memory Mode, Parallel Read. CS and 
RD going low tr igger a conversion and the ADC acknowl- 
edges by taking BUSY low. Data from the previo us conv er- 
sion appears on the three-state data outputs. BUSY re- 
turns high at the end of conversion when the output 
latches have been updated and the conversion result is 
placed on data outputs Dll. ..DO/8. 

Slow Memory Mode, Two Byte Read 

For a two byte read, only 8 data outputs D7...D0/8 are used. 
Conversion start procedure and data output status for the 
first read operation are identical to Slow Memory Mode, 
Parallel Read. See Figure 14 timing diagram and Table 3 
data bus status. At the end of the conversion, the low data 
byte (D7...D0/8) is read from the ADC. A second READ 
operation, with the HBEN high, places the high byte on data 
outputs D3/11...D0/8 and disables conversion start. Note 



Figure 13. Slow Memory Mode, Parallel Read Timing Diagram 


Table 2. Slow Memory Mode, Parallel Read Data Bus Status 


Data Outputs 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

Read 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 
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Figure 14. Slow Memory Mode, Two Byte Read Timing Diagram 


Table 3. Slow Memory Mode, Two Byte Read Data Bus Status 


Data Outputs 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

First Read 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second Read 

Low 

Low 

Low 

Low 

DB11 

DB10 

DB9 

DB8 


that the 4MSBs appear on data output D11...D8 during 
both READ operations. 

ROM Mode, Parallel Read (HBEN = LOW) 

The ROM Mode avoids placing a microprocessor into a 
WAIT state. A conversion is started with a READ opera- 
tion, and the 1 2 bits of data from the previous conversion 
are available on data outputs Dll ...DO/8 (see Figure 15 
and Table 4). This data may be disregarded if not re- 
quired. A second READ operation reads the new data 
(DB11...DB0) and starts another conversion. A delay at 
least as long as the ADC’s conversion time plus the 600ns 
minimum delay between conversions must be allowed 
between READ operations. 

ROM Mode, Two Byte Read 

As previously mentioned for a two byte read, only data 
outputs D7...D0/8 are used. Conversion is started in the 


normal way with a READ operation and the data output 
status is the same as the ROM mode, Parallel Read (see 
Figure 16 timing diagram and Table 5 data bus status). 
Two more READ operations are required to access the new 
conversion result. A delay equal at the ADCs’ conversion 
time must be allowed between conversion start and the 
third data READ operation. The second READ operation 
with HBEN high disables conversion start and places the 
high byte (4MSBs) on data outputs D3/1 1 ...DO/8. A third 
read operation accesses thelow data byte (DB7...DB0) and 
starts another conversion. The 4MSBs appear on data 
outputs D11...D8 during all three read operations. 

MICROPROCESSOR INTERFACING 

The LTC1 273/LTC1 275/LTC1 276 allow easy interfac- 
ing to digital signal processors as well as modern high 
speed, 8-bit or 16-bit microprocessors. Here are sev- 
eral examples. 
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Figure 15. ROM Mode, Parallel Read Timing Diagram (HBEN = LOW) 


Table 4. ROM Mode, Parallel Read Data Bus Status 


Data Outputs 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

D0/8 

First Read (Old Data) 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second Read 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 




Table 5. ROM Mode, Two Byte Read Data Bus Status 


Data Outputs 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

j DO/8 

First Read (Old Data) 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 


Second Read (New Data) 

Low 

Low 

Low 

Low 

DB11 

DB10 

DB9 

| DB8 

Third Read (New Data) 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 



rrurmi 

TECHNOLOGY 


6-75 









LTC1273 

LTC1275/LTC1276 


nppucnuons mFonmnnon 


TMS320C25 

Figure 17 shows an interface between the LTC1273 and 
the TMS320C25. 

The W/R signal of the DSP initiates a conversion and 
conversion results are read from the LTC1273 using the 
following instruction: 

IN D, PA 

where D is Data Memory Address and PA is the PORT 
ADDRESS. 



LTC1273/75/76 • F18 



Figure 17. TMS320C25 Interface 
MC68000 Microprocessor 

Figure 1 8 shows a typical interface for the MC68000. The 
LTC1273 is operating in the Slow Memory Mode. Assum- 
ing the LTC1273 is located at address C000, then the 
following single 16-bit MOVE instruction both starts a 
conversion and reads the conversion result: 

Move.W $C000,D0 

At the beginning of the in struction cycle when t he ADC 
address is selected, BUSY and CS assert DTACK so that 
the MC6800 0 is fo rced into a WAIT state. At the end of 
conversion, BUSY returns high and the conversion result 
is placed in the DO register of the microprocessor. 


Figure 18. MC68000 Interface 


8085A/Z80 Microprocessor 

Figure 1 9 shows an LTC1 273 interface for the Z80/8085A. 
The LTC1273 is operating in the Slow Memory Mode and 
a two byte read is required. Not shown in the figure is the 
8-bit latch required to demultiplex the 8085A common 
address/data bus. AO is used to assert HBEN so that an 
even address (HBEN = LOW) to the LTC1273 will start a 
conversion and read the low data byte. An odd address 
(HBEN = HIGH) will read the high data byte. This is 
accomplished with the single 16-bit LOAD instruction 
below. 

For the 8085A LHLD(BOOO) 

For the Z80 LDHL, (B000) 



Figure 19. 8085A and Z80 Interface 
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This is a two byte read instruction which loads the ADC 
data (address B000) into th e HL register pair. During the 
first read operation, BUSY forces the microprocessor to 
WAIT for the LTC1273 conversion. No WAIT states are 
inserted during the second read operation when the mi- 
croprocessor is reading the high data byte. 

TMS32010 Microcomputer 

Figure 20 shows an LTC1 273/TMS3201 0 interface. The 
LTC1273 is operating in the ROM Mode. 

The LTC1273 is mapped at a port address. The following 
I/O instruction starts a conversion and reads the previous 
conversion result into data memory. 

IN A, PA (PA = PORT ADDRESS) 

When conversion is complete, a second I/O instruction 
reads the up-to-date data into memory and starts another 
conversion. A delay at least as long as the ADC conversion 
time must be allowed between I/O instructions. 



LTC1 273/75/76 • F20 


Figure 20. TMS32010 Interface 


MUXing with CD4051 

The high input impedance of the LTC1 273/LTC1 275/ 
LTC1 276 provides an easy, cheap, fast, and accu rate way 
to multiplex many channels of data through one con- 
verter. Figure 21 shows a low cost CD4051 connected to 
the LTC1275. The LTC1 275’s input draws no DC input 


current so it can be accurately driven by the unbuffered 
MUX. The CD4520 counter increments the MUX channel 
after each sample is taken. Figure 22 shows the acquisi- 
tion time of LTC1275 vs the source resistance. For a 
500Q maximum “on” resistance of the CD4051, the 
acquisition time of the ADC is not greatly affected. For 
larger source resistances, modest increases in acquisi- 
tion time must be allowed. 


5V 



Figure 21. MUXing the LTC1275 with CD4051 



10 100 Ik 10k 

SOURCE RESISTANCE (Q) 

LTC1 273/75/76 • F22 

Figure 22. Acqusition Time of LTC1275 vs Source Resistance 
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Demodulating a Signal by Undersampling 
with LTC1275 

Figure 23 shows a 455kHz amplitude modulated input 
undersampled by the LTC1 275. With a 227.5kHz sample 
rate, the converter provides alOOdB noise floor and 68dB 
distortion when digitizing the 455kHz AM input. 

Figure 24 shows an FFT of the AM signal digitized at 
212.5kHz. 


5 V 


455kHz 

AMPLITUDE 

MODULATED 

INPUT 



227.5kHz 
SAMPLE RATE 


inr 


DATA OUTPUT 


LTCI273WS'7B-l 


Figure 23. A 455kHz Amplitude Modulated Input 
Undersampled by the LTC1275 


Atime domain view of the demodulation is shown in Figure 
25. The top trace shows the 455kHz waveform modulated 
by a -6dB, 5kHz signal. The bottom trace shows the 
demodulated signal produced by the LTC1275 recon- 
structed through a 1 2-bit DAC. The resultant frequency is 
5kHz with a sample rate of 227.5kHz. There are roughly 45 
points per cycle. 
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Figure 25. 455kHz AM Signal Demodulated to 10.5 ENOBs 

100ps Resolution ATime Measurement with LTC1273 

Figure 26 shows a circuit that precisely measures the 
difference in time between two events. It has a 400ns full 
scale and 1 0Ops resolution. The start signal releases the 
ramp generator made up of the PNP current source and 
the 250pF capacitor. The circuit ramps until the stop 
signal shuts off the current source. The final value of the 
ramp represents the time between the start and stop 
events. The LTC1 273digitizesthisfinal valueand outputs 
the digital data. 


Figure 24. 455kHz Input Voltage Modulated by a 5kHz Signal 
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TECHNOLOGY 1 2-Bit, 500ksps Sampling 

A/D Converter with Shutdown 


KflTUlKS 

■ Single Supply 5V or ±5V Operation 

■ Two Speed Grades, 500ksps (LTC1278-5) 

400ksps (LTC1278-4) 

■ 70dB S/(N + D) and 74dB THD at Nyquist 

■ No Missing Codes Over Temperature 

■ 75mW (Typ) Power Dissipation 

■ Power Shutdown with Instant Wake-Up 

■ Internal Reference Can Be Overdriven Externally 

■ Internal Synchronized Clock; No Clock Required 

■ High Impedance Analog Input 

■ OV to 5 V or ±2.5V Input Range 

■ New Flexible, Friendly Parallel Interface to DSPs 
and FIFOs 

■ 24-Pin Narrow DIP and SOL Packages 


nppucmions 

■ High Speed Data Acquisition 

■ Digital Signal Processing 

■ Multiplexed Data Acquisition Systems 

■ Audio and Telecom Processing 

■ Spectrum Analysis 


DCSCRIPTIOn 

The LTC1 278 is a 1 .6ps, 500ksps, sampling 1 2-bit A/D 
converter which draws only 75mW from a single 5 V or 
+5V supplies. This easy-to-use device comes complete 
with a 200ns sample-and-hold, a precision reference and 
an internally trimmed clock. Unipolar and bipolar conver- 
sion modes add to the flexibility of the ADC. The low 
power dissipation is made even more attractive by a 
8.5mW power-down feature. Instant wake-up from shut- 
down allows the converter to be powered down even 
during brief inactive periods. 

The LTC1278 converts 0V to 5 V unipolar inputs from a 
single 5 V supply and ±2.5V bipolar inputs from ±5V 
supplies. Maximum DC specs include +1LSB INL and 
+1LSB DNL. Outstanding guaranteed AC performance 
includes 70dB S/(N + D) and 78dB THD at the input 
frequency of 100kHz over temperature. 

The internal clock is trimmed for 1.6ps conversion time. 
The clock automatically synchronizes to each sample 
command, eliminating problems with asynchronous clock 
noise found in competitive devices . A se parate convert 
start input and a data ready signal (BUSY) ease connec- 
tions to FIFOs, DSPs and microprocessors. 


tvpicrl nppucmion 


Single 5V Supply, 500kHz, 12-Bit Sampling A/D Converter 
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absoiutc mnximum rrtirgs 

AV dd = DV dd = V dd (Notes 1,2) 

Supply Voltage (Voo) 12V 

Negative Supply Voltage (Vss) 

Bipolar Operation Only -6 V to GND 

Total Supply Voltage (V DD to V$s) 

Bipolar Operation Only 12V 

Analog Input Voltage (Note 3) 

Unipolar Operation - 0.3V to V D d + 0.3V 

Bipolar Operation Vss - 0.3V to V D d + 0.3V 

Digital Input Voltage (Note 4) 

Unipolar Operation -0.3V to 12V 

Bipolar Operation Vss - 0.3V to 1 2 V 

Digital Output Voltage 

Unipolar Operation -0.3V to Vqq + 0.3V 

Bipolar Operation Vss - 0.3V to Vqd + 0.3V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1278-4C, LTC1278-5C 0°Cto 70°C 

LTC1 278-41 -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R IRFORmATIOR 



TOP VIEW 


ORDER 

PART NUMBER 

Ain E 


Ml AV dd 

Vref E 

AGND QF 
Dll (MSB) (T 
DIO E 


M Vss 

22] BUSY 

m cs 

20] RD 

LTC1278-4CN 

LTC1278-5CN 

LTC1278-4IN 

D9 [T 

D8 [7 

D7 E 
D6 E 
D5 Q0 
D4 QT 
DGND Q| 


CONVST 
l|] SHDN 

33 dv dd 

3D do 

3D 01 

33 D2 

D3 

LTC1278-4CS 

LTC1278-5CS 

LTC1278-4IS 

N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 


"Ljmax = 
"Umax = 

11O O C,0J A = 1OO°C/W(N) 

110°C, Oja = 130°C/W (S) 



Consult factory for Military grade parts. 



CORV€RT€R CHARACTERISTICS With Internal Reference (Notes 5, 6) 


PARAMETER 

CONDITIONS 

LTC1 278-4/LTC1 278-5 

MIN TYP MAX 

UNITS 

Resolution (No Missing Codes) 


• 

12 

Bit 

Integral Linearity Error 

(Note 7) 

• 

±1 

LSB 

Differential Linearity Error 


• 

±1 

LSB 

Offset Error 

(Note 8) 

• 

±4 

±6 

LSB 

LSB 

Gain Error 



±15 

LSB 

Gain Error Tempco 

•oUT(REF) = 0 

• 

±10 ±45 

ppm/°C 


RRRLOG IRPUT (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 278-4/LTC1 278-5 
MIN TYP MAX 

UNITS 

V|N 

Analog Input Range (Note 9) 

4.95V <V DD < 5.25V (Unipolar) 

• 

Oto 5 

V 



4.75V < V DD < 5.25V, -5.25V < V ss < -2.45V (Bipolar) 

• 

±2.5 

V 

•in 

Analog Input Leakage Current 

CS = High 

• 

±1 

PA 

C|N 

Analog Input Capacitance 

Between Conversions (Sample Mode) 


45 

PF 



During Conversions (Hold Mode) 


5 

PF 


jTwm 

TECHNOLOGY 


6-81 






LTC1278 


Dvnnmic accuracy (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 278-4/LTC1 278-5 
MIN TYP MAX 

UNITS 

S/(N + D) 

Signal-to-Noise Plus Distortion Ratio 

100kHz Input Signal 

• 

70 72 

dB 



250kHz Input Signal 


70 

dB 

THD 

Total Harmonic Distortion 

100kHz Input Signal 

• 

oo 

1 

o 

CO 

1 

dB 


First 5 Harmonics 

250kHz Input Signal 


- 74 

dB 


Peak Harmonic or Spurious Noise 

100kHz Input Signal 

• 

CM 

CO 

1 

"3- 

oo 

1 

dB 



250kHz Input Signal 


-74 

dB 

IMD 

Intermodulation Distortion 

f ini = 99.37kHz, f| N2 = 102.4kHz 


-82 

dB 



fiNi = 249.37kHz, f| N2 = 252.4kHz 


-70 

dB 


Full Power Bandwidth 



4 

MHz 


Full Linear Bandwidth (S/(N + D) > 68dB) 



350 

kHz 


irtcrral rcfcrcrcc charactcristics (Note 5) 


PARAMETER 

CONDITIONS 

LTC1 278-4/LTC1 278-5 

MIN TYP MAX 

UNITS 

Vref Output Voltage 

l0UT = 0 


2.400 2.420 2.440 

V 

V R ef Output Tempco 

■OUT = 0 

• 

±10 ±45 

ppm/°C 

Vref Line Regulation 

4.95V <V DD < 5.25V 


0.01 

LSB/V 


-5.25V <V SS < -4.95V 


0.01 

LSB/V 

Vref Load Regulation 

0V S |I 0 utI ^ 1mA 


2 

LSB/mA 


DIGITAL IRPUTS ROD DIGITAL OUTPUTS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 278-4/LTC1 278-5 

MIN TYP MAX 

UNITS 

V |H 

High Level Input Voltage 

V DD = 5.25V 

• 

2.4 

V 

V| L 

Low Level Input Voltage 

V DD = 4.95V 

• 

0.8 

V 

•in 

Digital Input Current 

V||\| = 0V to Vqd 

• 

±10 

gA 

C|N 

Digital Input Capacitance 



5 

pF 

V OH 

High Level Output Voltage 

V DD = 4.95V 






l o = -10pA 


4.7 

V 



l 0 = — 200 jliA 

• 

4 

V 

VOL 

Low Level Output Voltage 

V DD = 4.95V 






l 0 = 160pA 


0.05 

V 



Iq = 1.6mA 

• 

0.10 0.4 

V 

•oz 

High Z Output Leakage Dll to DO 

Vout = 0V to Vqd. OS High 

• 

±10 

PA 

Coz 

High Z Output Capacitance Dll to DO 

CS High (Note 9 ) 

• 

15 

PF 

•source 

Output Source Current 

Vqut = 0V 


-10 

mA 

■sink 

Output Sink Current 

V OUT = V DD 


10 

mA 
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POUI€R R€QUIR€m€flTS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1278-4/LTC1 278-5 

MIN TYP MAX 

UNITS 

Vdd 

Positive Supply Voltage (Notes 10, 11) 

Unipolar 


4.95 5.25 

V 



Bipolar 


4.75 5.25 

V 

Vss 

Negative Supply Voltage (Note 10) 

Bipolar Only 


-2.45 -5.25 

V 

Idd 

Positive Supply Current 

fsAMPLE = 500ksps 

• 

15.0 29.5 

mA 



SHDN = 0V 

• 

1.7 3.0 

mA 

•ss 

Negative Supply Current 

f SAMPLE = 500ksps, Vss = -5V 

• 

0.12 0.30 

mA 

Pd 

Power Dissipation 

f SAMPLE = 500ksps 

• 

75.0 150 

mW 



SHDN = 0V 

• 

8.5 15 

mW 


TimiflG CHRRRCTCRISTICS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1278-4/LTC1 278-5 

MIN TYP MAX 

UNITS 

fSAMPLE(MAX) 

Maximum Sampling Frequency 

LTC1 278-4 

• 

400 

kHz 



LTC1 278-5 

• 

500 


tSAMPLE(MIN) 

Minimum Throughput Time 

LTC1 278-4 

• 

2.5 

|TS 


(Acquisition Time Plus Conversion Time) 

LTC1 278-5 

• 

2.0 

ITS 

tC0NV 

Conversion Time 

LTC1 278-4 


2.0 2.3 

|TS 



LTC1 278-5 


1.6 1.85 

|TS 

tACQ 

Acquisition Time 



200 

ns 

tl 

CST to RDi Setup Time 

(Notes 9, 10) 

• 

0 

ns 

t 2 

CST to CONVSTT Setup Time 

(Notes 9,10) 

• 

20 

ns 

*3 

SHDNT to CONVSTT Wake-Up Time 

(Note 10) 


350 

ns 

u 

CONVST Low Time 

(Notes 10, 12) 

• 

40 

ns 

k 

CONVSTI to BUSYT Delay 

C L = lOOpF 


40 110 

ns 



Commercial 

• 

130 

ns 



Industrial 

• 

140 

ns 

k 

Data Ready Before BUSY? 

C L = lOOpF 

• 

20 40 

ns 

t 7 

Wait Time RDT After BUSY? 

Mode 2, (see Figure 14) (Note 9) 


-20 

ns 

k 

Data Access Time After RDT 

C L = 20pF (Note 9) 


50 90 

ns 



Commercial 

• 

110 

ns 



Industrial 

• 

120 

ns 



C L = lOOpF 


70 125 

ns 



Commercial 


150 

ns 



Industrial 

• 

170 

ns 

^9 

Bus Relinquish Time 



20 30 75 

ns 



Commercial 

• 

20 85 

ns 



Industrial 

• 

20 90 

ns 

ho 

RD Low Time 

(Note 9) 

• 

t 8 

ns 

til 

CONVST High Time 

(Notes 9, 12) 

• 

40 

ns 

tl2 

Aperture Delay of Sample-and-Hold 

Jitter <50ps 


15 

ns 
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TimmG chrrrctcristics (Note 5) 

The • indicates specifications which apply over the full operating 
temperature range; all other limits and typicals Ta = 25°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND and 
AGND wired together (unless otherwise noted). 

Note 3: When these pin voltages are taken below Vss (ground for unipolar 
mode) or above Vdd, they will be clamped by internal diodes. This product 
can handle input currents greater than 60mA below Vss (ground for 
unipolar mode) or above V 0 d without latch-up. 

Note 4: When these pin voltages are taken below Vss (ground for unipolar 

mode), they will be clamped by internal diodes. This product can handle 

input currents greater than 60mA below Vss (ground for unipolar mode) 

without latch-up. These pins are not clamped to Vdd- 

Note 5: AV D d = DV dd = V DD = 5V, (Vss = -5V for bipolar mode), fsAMPLE = 

400kHz (LTC1 278-4), 500kHz (LTC1 278-5), t r = t f = 5ns unless otherwise 

specified. 

Note 6: Linearity, offset and full scale specifications apply for unipolar and 
bipolar modes. 


Note 7: Integral nonlinearity is defined as the deviation of a code from a 
straight line passing through the actual endpoints of the transfer curve. The 
deviation is measured from the center of the quantization band. 

Note 8; Bipolar offset is the offset voltage measured from -1/2LSB when 
the output code flickers between 0000 0000 0000 and 1 1 1 1 1 1 1 1 1 1 1 1 . 
Note 9: Guaranteed by design, not subject to test. 

Note 10: Recommended operating conditions. 

Note 11: Aim must not exceed Vdd or fall below Vss by more than 50mV for 
specified accuracy. Therefore the minimum supply voltage for the unipolar 
mode is 4.95V. The minimum for the bipolar mode is 4.75V, -2.45V. 

Note 12: The falling CONVST edge starts a conversion. If CONVST returns 
high at a bit decision point during the conv ersion it can create small errors. 
For best performance ensure that CONVST returns high either within 120ns 
after conversion start (i.e., before the first bit decision) or after BUSY rises 
(i.e., after the last bit test). See mode 1 a and 1 b (Figures 1 2 and 1 3) timing 
diagrams. 
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Integral Nonlinearity vs 
Output Code 


Differential Nonlinearity vs 
Output Code 


ENOBs and S/(N + D) vs 
Input Frequency 
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S/(N + D) vs Input Frequency 
and Amplitude 



Ik 10k 100k 1M 10M 

INPUT FREQUENCY (Hz) 


Signal-to-Noise Ratio (without 
Harmonics) vs Input Frequency 
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Spurious Free Dynamic Range vs 
Input Frequency 
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Intermodulation Distortion Plot 


o 


-20 


S' -40 

Q 

= -60 
CL 

< -80 

-100 

-120 



f SAMPLE = 500kHz 
f| N1 = 96.80kHz 


f| N2 = 101 -68kHz 



1 


I 

JuLutii 

fllfflP 

(pM 


0 50k 100k 150k 200k 250k 

FREQUENCY (Hz) 


LTC1278 G8 


Acquisition Time vs 
Source Impedance 
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Supply Current vs Temperature 
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Power Supply Feedthrough 
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Reference Voltage vs Load Current 
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Ain (Pin 1): Analog Input. OV to 5V (Unipolar), +2.5V 
(Bipolar). 

Vref (Pin 2): 2.42V Reference Output. Bypass to AGND 
(lOpF tantalum in parallel with 0.1 pF ceramic). 

AGNO (Pin 3): Analog Ground. 

Dll to D4 (Pins 11 to 4): Three- State Data Outputs. 
D1 1 is the Most Significant Bit. 

DGND (Pin 12): Digital Ground. 

D3 to DO (Pins 13 to 16): Three-State Data Outputs. 

DVdq (Pin 17 ): Digital Power Supply, 5V. Tie to AVqd pin. 

SHDN (Pin 18): Power Shutdown. 

CONVST (Pin 19): Conversion Start Signal. This active 
low signal starts a conversion on its falling edge (to 
recognize CONVST, CS has to be low). 


RD (Pin 20):J3EAD Input. This enables the output 
drivers when CS is low. 

CS (Pin 21 ): The C HIP SELE CT input must be lowforthe 
ADC to recognize CONVST and RD inputs. 

BUSY (Pin 22): The BUSY output shows the converter 
status. It is low when a conversion is in progress. 

V$s (Pin 23): Negative Supply. -5 V for bipolar opera- 
tion. Bypass to AGND with 0.1 pF ceramic. Analog 
ground for unipolar operation. 

AVdq (Pin 24): Positive Supply, 5V. Bypass to AGND 
(10pF tantalum in parallel with O.lpF ceramic). 


Funcnonni block DinGRnm 


^SAMPLE 



SHDN CONVST RD CS BUSY 
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Load Circuits for Access Timing 

5V 



A) HIGH-Z TO V 0H (t 8 ) B) HIGH-Z TO V 0L (t 8 ) 

AND V 0L TO V oh (t 6 ) AND V 0H TO V 0L (t 6 ) 

LTC1278TA08 


Load Circuits for Output Float Delay 


5V 



A) V 0H TO HIGH-Z B)V 0 l TO HIGH-Z 

1 278 - TA08 


TimmG dirgrrris 


CS to RD Setup Timing 


CS to CONVST Setup Timing 


cs 




RD 
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CS 


COMVST 
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SHDN to CONVST Wake-Up Timing 
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CONVERSION DETAILS 

The LTC1 278 uses a successive approximation algorithm 
and an internal sample-and-hold circuit to convert an 
analog signal to a 12-bit parallel output. The ADC is 
complete with a precision reference and an internal clock. 
The control logic provides easy interface to microproces- 
sors and DSPs. (Please refer to the Digital Interface 
section for the data format.) 

Conversion start is controlled by the CS and CONVST 
inputs. At the start of conversion the successive approxi- 
mation register (SAR) is reset. Once a conversion cycle 
has begun it cannot be restarted. 

During conversion, the internal 12-bit capacitive DAC 
output is sequenced by the SAR from the most significant 
bit (MSB) to the least significant bit (LSB). Referring to 
Figure 1, the Agg input connects to the sample-and-hold 
capacitor during the acquire phase, and the comparator 


SAMPLE 



offset is nulled by the feedback switch. In this acquire 
phase, a minimum delay of 200ns will provide enough 
time for the sample-and-hold capacitor to acquire the 
analog signal. During the convert phase, the comparator 
feedback switch opens, putting the comparator into the 
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compare mode. The input switch switches Csample to 
ground, injecting the analog input charge onto the sum- 
ming junction. This input charge is successively com- 
pared with the binary-weighted charges supplied by the 
capacitive DAC. Bit decisions are made by the high speed 
comparator. At the end of a conversion, the DAC output 
balances the A| N input charge. The SAR contents (a 1 2-bit 
data word) which represent the % are loaded into the 
12-bit output latches. 

DYNAMIC PERFORMANCE 

The LTC1 278 has excellent high speed sampling capabil- 
ity. FFT (Fast FourierTransform) test techniquesare used 
to test the ADC’s frequency response, distortion and 
noise at the rated throughput. By applying a low distor- 
tion sine wave and analyzing the digital output using an 
FFT algorithm, the ADC’s spectral content can be exam- 
ined for frequencies outside the fundamental. Figure 2 
shows a typical LTC1278 FFT plot. 



f SAMPLE = 500kHz ±5V 
f| N = 97.045kHz 
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Figure 2. LTC1278 Nonaveraged, 4096 Point FFT Plot 


Signal-to-Noise Ratio 

The Signal-to-Noise plus Distortion Ratio [S/(N + D)] is the 
ratio between the RMS amplitude of the fundamental input 
frequency to the RMS amplitude of all other frequency 
components at the A/D output. The output is band limited 
to frequencies from above DC and below half the sampling 
frequency. Figure 2 shows a typical spectral content with 


a 500kHz sampling rate and a 1 00kHz input. The dynamic 
performance is excellent for input frequencies up to the 
Nyquist limit of 250kHz. 

Effective Number of Bits 

The Effective Number of Bits (ENOBs) is a measurement of 
the resolution of an ADC and is directly related to the 
S/(N + D) by the equation: 

N = [S/(N + D) - 1 .76J/6.02 

where N is the Effective Number of Bits of resolution and 
S/(N + D) is expressed in dB. At the maximum sampling 
rate of 500kHz the LTC1 278 maintains very good ENOBs up 
to the Nyquist input frequency of 250kHz. Refer to Figure 3. 
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Figure 3. Effective Bits and Signal-to-Noise + Distortion vs 
Input Frequency 


Total Harmonic Distortion 

Total Harmonic Distortion (THD) is the ratio of the RMS 
sum of all harmonics of the inputsignalto the fundamental 
itself. The out-of-band harmonics alias into the frequency 
band between DC and half the sampling frequency. THD is 
expressed as: 


THD = 20log ^ Vz2 + — + Vn2 
V 1 

where Vi is the RMS amplitude of the fundamental fre- 
quency and V 2 through Vn are the amplitudes of the 
second through Nth harmonics. THD versus input 
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frequency is shown in Figure 4. The LTC1278 has good 
distortion performance up to the Nyquist frequency and 
beyond. 



10k 100k 1M 2M 

INPUT FREQUENCY (Hz) 

LT1278 06 

Figure 4. Distortion vs Input Frequency 


Intermodulation Distortion 

If the ADC input signal consists of more than one spectral 
component, the ADC transfer function nonlinearity can 
produce intermodulation distortion (IMD) in addition to 
THD. IMD is the change in one sinusoidal input caused by 
the presence of another sinusoidal input at a different 
frequency. 

If two pure sine waves of frequencies fa and fb are applied 
to the ADC input, nonlinearities in the ADC transfer func- 
tion can create distortion products at sum and difference 
frequencies of mfa ± nfb, where m and n = 0, 1 , 2, 3, etc. 
For example, the 2nd order IMD terms include (fa +fb) and 
(fa - fb) while the 3rd order IMD terms include (2fa + f b), 
(2fa - fb), (fa + 2fb), and (fa - 2fb). If the two input sine 
waves are equal in magnitude, the value (in decibels) of 
the 2nd order IMD products can be expressed by the 
following formula: 


IMD (fa ± fb) = 20log 


Amplitude at (fa ± fb) 
Amplitude at fa 


Figure 5 shows the IMD performance at a 100kHz input. 



^SAMPLE = 500kHz 
flNi = 96.80kHz 

j 

f| N2 = 101 ,68kHz 
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LTC1278G8 

Figure 5. Intermodulation Distortion Plot 


Peak Harmonic or Spurious Noise 

The peak harmonic or spurious noise is the largest spec- 
tral component excluding the input signal and DC. This 
value is expressed in decibels relative to the RMS value of 
a full scale input signal. 

Full Power and Full Linear Bandwidth 

The full power bandwidth is that input frequency at which 
the amplitude of the reconstructed fundamental is re- 
duced by 3dB for a full scale input signal. 

The full linear bandwidth is the input frequency at which 
the S/(N + D) has dropped to 68dB (1 1 effective bits). The 
LTC1 278 has been designed to optimize input bandwidth, 
allowing ADC to undersample input signals with frequen- 
cies above the converter’s Nyquist Frequency. The noise 
floor stays very low at high frequencies; S/(N + D) be- 
comes dominated by distortion at frequencies far beyond 
Nyquist. 

Driving the Analog Input 

The analog input of the LTC1 278 is easy to drive. It draws 
only one small current spike while charging the sample- 
and-hold capacitor at the end of conversion. During con- 
version the analog input draws no current. The only 
requirement is that the amplifier driving the analog input 
must settle after the small current spike before the next 
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conversion starts. Any op amp that settles in 200ns to 
small current transients will allow maximum speed opera- 
tion. If slower op amps are used, more settling time can be 
provided by increasing the time between conversions. 
Suitable devices capable of driving the ADC’s Ain input 
include the LT1360, LT1220, LT1223 and LT1224 op 
amps. 

Internal Reference 

The LTC1 278 has an on-chip, temperature compensated, 
curvature corrected, bandgap reference, which is factory 
trimmed to 2.42V. It is internally connected to the DAC and 
is available at pin 2 to provide up to 1mA current to an 
external load. 

For minimum code transition noise the reference output 
should be decoupled with a capacitor to filter wideband 
noise from the reference (1 OpF tantalum in parallel with a 
O.lpF ceramic). 

The Vref pin can be driven with a DAC or other means to 
provide input span adjustment in bipolar mode. The Vref 
pin must be driven to at least 2.45V to prevent conflict with 
the internal reference. The reference should be driven to 
no more than 4.8V to keep the input span within the +5V 
supplies. 

Figure 6 shows an LT1006 op amp driving the reference 
pin. (In the unipolar mode, the input span is already 0V to 
5 V with the internal reference so driving the reference is 
not recommended, since the input span will exceed the 
supply and codes will be lost at the full scale.) Figure 7 
shows a typical reference, the LT101 9A-2.5 connected to 
the LTC1 278. This will provide an improved drift (equal to 
the maximum 5ppm/°C of the LT 1 01 9A-2.5) and a±2.582V 
full scale. 


INPUT RANGE 
±1.033Vref(OUT) 



Figure 6. Driving the Vref with the LT1006 Op Amp 



Figure 7. Supplying a 2.5V Reference Voltage to the LTC1278 
with the LT1019A-2.5 

UNIPOLAR/BIPOLAR OPERATION AND ADJUSTMENT 

Figure 8a shows the ideal input/output characteristics for 
the LTC1 278. The code transitions occur midway between 
successive integer LSB values (i.e., 1/2LSB, 1 1/2LSB, 
2 1/2LSB, ... FS - 1 1/2 LSB). The output code is naturally 
binary with 1 LSB = FS/4096 = 5V/4096 = 1 ,22mV. Figure 
8b shows the input/output transfer characteristics for the 
bipolar mode in two’s complement format. 



Figure 8a. LTC1278 Unipolar Transfer Characteristics 



Figure 8b. LTC1278 Bipolar Transfer Characteristics 


6-90 


rr unm 

TECHNOLOGY 








LTC1278 


flppucOTions mfORmnnon 



Figure 9a. Full Scale Adjust Circuit 



Figure 9b. LTC1278 Unipolar Offset and Full Scale Adjust Circuit 

Unipolar Offset and Full Scale Error Adjustments 

In applications where absolute accuracy is important, then 
offset and full scale errors can be adjusted to zero. Offset 
error must be adjusted before full scale error. Figure 9a 
shows the extra components required for full scale error 
adjustment. If both offset and full scale adjustments are 
needed, the circuit in Figure 9b can be used. For zero offset 
error apply 0.61 mV (i.e., 1/2LSB) at the input and adjust 
the offset trim until the LTC1278 output code flickers 
between 0000 0000 0000 and 0000 0000 0001. For zero 
full scale error apply an analog input of 4.9981 7V (i.e., FS 
- 1 1/2LSB or last code transition) at the input and adjust 
R5 until the LTC1 278 output code flickers between 1111 
1111 1110 and 1111 1111 1111. 

Bipolar Offset and Full Scale Error Adjustments 

Bipolar offset and full scale errors are adjusted in a similar 
fashion to the unipolar case. Again, bipolar offset must be 
adjusted before full scale error. Bipolar offset error adjust- 
ment is achieved by trimming the offset of the op amp 



driving the analog input of the LTC1278 while the input 
voltage is 1/2LSB below ground. This is done by applying 
an input voltage of -0.61 mV (-1/2LSB) to the input in 
Figure 9c and adjusting the R8 until the ADC output code 
flickers between 0000 0000 0000 and 1111 1111 1111. 
For full scale adjustment, an input voltage of 2.49817V 
(FS - 3/2LSBs) is applied to the input and R5 is adjusted 
until the output code flickers between 0111 1111 1110 
and 0111 1111 1111. 

BOARD LAYOUT AND BYPASSING 

Wire wrap boards are not recommended for high resolu- 
tion or high speed A/D converters. To obtain the best 
performance from the LTC1 278, a printed circuit board is 
required. Layout for the printed circuit board should 
ensure that digital and analog signal lines are separated as 
much as possible. In particular, care should be taken not 
to run any digital track alongside an analog signal track or 
underneath the ADC. The analog input should be screened 
by AGND. 

High quality tantalum and ceramic bypass capacitors 
should be used at the AVqd and Vref pins as shown in 
Figure 1 0. Forthe bipolar mode, a O.lpF ceramic provides 
adequate bypassing for the V s s pin. The capacitors must 
be located as close to the pins as possible. The traces 
connecting the pins and the bypass capacitors must be 
kept short and should be made as wide as possible. 

Input signal leads to A^ and signal return leads from 
AGND (pin 3) should be kept as short as possible to 
minimize input noise coupling. In applications where this 
is not possible, a shielded cable between source and ADC 
is recommended. 
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Also, since any potential difference in grounds between 
the signal source and ADC appears as an error voltage in 
series with the input signal, attention should be paid to 
reducing the ground circuit impedances as much as 
possible. 

A single point analog ground separate from the logic 
system ground should be established with an analog 
ground plane at pin 3 (AGND) oras close as possible to the 
ADC. Pin 1 2 (DGND) and all other analog grounds should 
be connected to this single analog ground point. No other 
digital grounds should be connected to this analog ground 
point. Low impedance analog and digital power supply 
common returns are essential to low noise operation of 
the ADC and the foil width for these tracks should be as 
wide as possible. In applications where the ADC data 
outputs and control signals are connected to a continu- 
ously active microprocessor bus, it is possible to get 
errors in conversion results. These errors are due to 
feedthrough from the microprocessor to the successive 
approximation comparator. The problem can be elimi- 
nated by forcing the microprocessor into a WAIT state 
during conversion or by using three-state buffers to iso- 
late the ADC data bus. 


DIGITAL INTERFACE 

The A/D converter is designed to interface withmicropro; 
cessors as a memory mapped device. The CS and RD 
control inputs ar e commo n to all peripheral memory interfac- 
ing. A separate CONVST is used to initiate a conversion. 

Internal Clock 

The A/D converter has an internal clock that eliminates the 
needof synchronization between the external clock and 
the CS and RD signals found in other ADCs. The internal 
clock is factory trimmed to achieve a typical conversion 
time of 1.6ps. No external adjustments are required, and 
with the typical acquisition time of 250ns, throughput 
performance of 500ksps is assured. 

Power Shutdown 

The LTC1278 provides a shutdown feature that will save 
power when the ADC is i n inactive periods. To powerdown 
the ADC, pin 1 8 (SHDN) needs to be driven low. When in 
power shutdown mode, the LTC127 8 will not start a 
conversion even though the CONVST goes low. All the 



Figure 10. Power Supply Grounding Practice 



Figure 11. Internal Logic for Control Inputs CS, RD, CONVST and SHDN 
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power is off except the Internal Reference which is still 
active and provides 2.42V output voltage to the other 
circuitry. In this mode the ADC draws 8.5mW instead of 
75mW (for minimum power, the logic inputs must be 
within 600mV of the supply rails). The wake-up time from 
the power shutdown to active state is 350ns. 

Timing and Control 

Conversion start and data read operations are controlled 
by three digital inputs: CS, CONVST and RD. Figure 11 
shows the logic structure associated with these inputs. A 
logic “0” for CONVST willstart a conversion after the ADC 
has been selected (i.e., CS is low). Once initiated it cannot 
be restarted until the conv ersion is complete. Converter 
status is indicated by the BUSY output, and this is low 
while conversion is in progress. 

Figures 12 through 16 show several different modes of 
operation. In modes 1 a and 1 b (Figur es 12 and 1 3) CS and 
RD are both tied low. The falling CONVST starts the 
conversion. The data outputs are always enabled and data 
can be latched with the BUSY rising edge. Mo de 1 a shows 
operation with a narr ow low go ing CONVST pulse. Mode 
1b shows high going CONVST pulse. 


In mode 2 (Figure 14) CS is tied low. The falling CONVST 
signal again starts the conversion. Data outputs are in 
three-state until read by MPU with the RD signal. Mode 2 
can be used for operation with a shared MPU databus. 

In Slow memory and ROM modes (Figures 1 5 and 1 6) CS 
is tied low and CONVST and RD are tied togetherThe MPU 
starts conversion and read the output with the RD signal. 
Conversions are started by the MPU or DSP (no external 
sample clock). 

In Slow memory mode the proc essort akes RD (= CONVST) 
low and starts the conversion. BUSY goes low forcing the 
processor into a WAIT state. The previous conversion 
result appears on the data outputs. When the conversion 
is complete, the new conversion results appear on the 
data outputs; BUSY goes_high releasing the processor, 
and the processor takes RD (= CONVST) back high and 
reads the new conversion data. 

In ROM mode, the processor takes RD (= CONVST) low 
which starts a conversion and reads the previous conversion 
result. After the conversion is complete, the processor can 
read the new result (which will initiate another conversion). 



Figure 12. Mode la. CONVST Starts a Conversion. Data Ouputs Always Enabled.(CONVST = "\J TJ~ ) 
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Figure 13. Mode 1b. CONVST Starts a Conversion. Data Outputs Always Enabled. (CONVST -n 
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Figure 14. Mode 2. CONVST Starts a Conversion. Data is Read by RD 



Figure 15. Slow Memory Mode 



Figure 16. ROM Mode Timing 
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3V 1 40ksps 12-Bit 
Sampling A/D Converter 
with Reference 


F€RTUR€S 

■ Single Supply 3V or ±3V Operation 

■ 140ksps Throughput Rate 

■ 12mW(Typ) Power Dissipation 

■ On-Chip 25ppm/°C Reference 

■ Internal Synchronized Clock; No Clock Required 

■ High Impedance Analog Input 

■ 69dB S/(N + D) and 77dB THD at Nyquist 

■ +1/2LSB INL and ±3/4LSB DNL Max (A Grade) 

■ 2.7V Guaranteed Minimum Supply Voltage 

■ ESD Protected On All Pins 

■ 24-Pin Narrow DIP and SOL Packages 

■ OV to 2.5 V or ±1 .25 V Input Ranges 

RPPLICRTIOnS 

■ 3 V Powered Systems 

■ High Speed Data Acquisition 

■ Digital Signal Processing 

■ Multiplexed Data Acquisition Systems 

■ Audio and Telecom Processing 

■ Spectrum Analysis 


DdSCRIPTIOfl 

The LTC1282 is a 6ps, 140ksps, sampling 12-bit A/D 
converter which draws only 12mW from a single 3V or 
dual ±3V supply. This easy-to-use device comes complete 
with I.Ops sample-and-hold, precision reference and in- 
ternally trimmed clock. Unipolar and bipolar conversion 
modes provide flexibility forvarious applications. They are 
built with LTBiCMOS™ switched capacitor technology. 

The LTC1282 has a 25ppm/°C (max) internal reference 
and converts OV to 2.5V unipolar inputs from a single 3 V 
supply. With ±3V supplies its input range is ±1 .25V with 
two’s complement outputformat. Maximum DC specifica- 
tions include +1/2LSB INL, ±3/4LSB DNL and 25ppm/°C 
full scale drift over temperature. Outstanding AC perfor- 
mance includes 69dB S/(N + D) and 77dB THD at the 
Nyquist input frequency of 70kHz. 

The internal clock is trimmed for 6ps maximum conver- 
sion time. The clock automatically synchronizes to each 
sample command eliminating problems with asynchro- 
nous clock noise found in competitive devices. A high 
speed parallel interface eases connections to FIFOs, DSPs 
and microprocessors. 

LTBiCMOS™ is a trademark of Linear Technology Corporation 
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Single 3V Supply, 140ksps, 12-Bit Sampling A/D Converter 
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absolute mnximum ratiags 

(Notes 1 and 2) 

Supply Voltage (Vdd) 12V 

Negative Supply Voltage (Vss) -6V to GND 

Total Supply Voltage (Vd D to Vss) 1 2V 

Analog Input Voltage 

(Note 3) V ss -0.3V to V DD + 0.3V 

Digital Input Voltage (Note 4) Vss - 0.3V to 12V 

Digital Output Voltage 

(Note 3) V ss -0.3V to V DD + 0.3V 

Power Dissipation 500mW 

Specified Temperature Range (Note 14) 0°C to 70°C 

Operating Temperature Range 

LTC1282AC, LTC1282BC 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IflFORRlATIOn 



TOP VIEW 


ORDER 

Ain U 


24] V DD 

PART NUMBER 

Vref IZ 

AGND [T 
Dll (MSB) [7 
DIO |T 
D9 |T 

D8 [7 

D7 |T 
D6 [? 
D5 [10 
D4 QT 
DGND [12 


ID Vss 

22j BUSY 

H] CS 

U RD 

19] HBEN 

m nc 
m nc 

m DO/8 

15] DI/9 

D2/10 

13] D3/11 

LTC1282ACN 

LTC1282BCN 

LTC1282ACS 

LTC1282BCS 

N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 


Tjmax = 
Tjmax = 

1 1 0°C, Oja = 1 00°C/W (N) 

1 1 0°C, 0 JA = 1 30°C/W (S) 



Consult factory for Industrial and Military grade parts (Note 14). 


CORV€RT€R CHARACTERISTICS With internal Reference (Notes 5 and 6) 


PARAMETER 

CONDITIONS 

LTC1282A 

MIN TYP MAX 

LTC1282B 

MIN TYP MAX 

UNITS 

Resolution (No Missing Codes) 


• 

12 

12 

Bits 

Integral Linearity Error 

(Note 7) 


±1/2 

±1 

LSB 


Commercial 

• 

±1/2 

±1 

LSB 


Military 

• 

±3/4 

±1 

LSB 

Differential Linearity Error 

Commercial 

• 

±3/4 

±1 

LSB 


Military 

• 

±1 

±1 

LSB 

Offset Error 

(Note 8) 


±3 

±4 

LSB 



• 

±4 

±6 

LSB 

Gain Error 



±10 

±15 

LSB 

Gain Error Tempco 

•OUT(REF) = 0 

• 

±5 ±25 

±10 ±45 

ppm/°C 

Power Supply Rejection 

(Note 9) V DD ±10% 


±0.3 

±0.3 

LSB 


(Note 10) V ss ±10% 


±0.1 

±0.1 

LSB 


Dvnnmic accuracy (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 282A/LTC1 282B 

MIN TYP MAX 

UNITS 

S/(N + D) 

Signal-to-Noise Plus Distortion Ratio 

10kHz/70kHz Input Signal 

71/69 

dB 

THD 

Total Harmonic Distortion 

10kHz/70kHz Input Signal, Up to 5th Harmonic 

-82/- 77 

dB 


Peak Harmonic or Spurious Noise 

10kHz/70kHz Input Signal 

-82/- 77 

dB 

IMD 

Intermodulation Distortion 

f !N1 = 19.0kHz, f| N2 = 20.6kHz 

-78 

dB 


Full Power Bandwidth 


4 

MHz 


Full Linear Bandwidth (S/(N + D) > 68dB) 


200 

kHz 
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SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 282A/LTC1 282B 

MIN TYP MAX 

UNITS 

Vin 

Analog Input Range (Note 11) 

2.7V < Vqq < 3.6V (Unipolar Mode) 

• 

0 to 2.5 

V 



2.7V < V DD < 3.6V, -3.3V < V ss < -2.5V (Bipolar Mode) 

• 

±1.25 

V 

■in 

Analog Input Leakage Current 

CS = High 

• 

±1 

mA 

ClN 

Analog Input Capacitance 

Between Conversions (Sample Mode) 


63 

PF 



During Conversions (Hold Mode) 


5 

PF 

UCQ 

Sample-and-Hold 

Commercial 

• 

0.45 1.00 

MS 


Acquisition Time 

Military 

• 

1.50 

MS 


IRTCRORL R€F€R€RC€ CHRRRCTCRISTICS (Note 5) 


PARAMETER 

CONDITIONS 

MIN 

LTC1282A 

TYP 

MAX 

MIN 

LTC1282B 

TYP 

MAX 

UNITS 

Vref Output Voltage 

IOUT = 0 


1.1900 

1.200 

1.210 

1.190 

1.200 

1.210 

V 

Vref Output Tempco 

CD 

II 

1— 

ZD 

O 

• 


±5 

±25 


±10 

±45 

ppm/°C 

Vref Line Regulation 

2.7V <V DD < 3.6V 



0.55 



0.55 


LSB/V 


-3.6V < V ss < -2.7V 



0.02 



0.02 


LSB/V 

Vref Load Regulation 

0V < IIqutI < 1mA 


| 3 

3 I 

LSB/mA 


DIGITAL IRPUTS ROD DIGITAL OUTPUTS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 282A/LTC1 282B 

MIN TYP MAX 

UNITS 

V| H 

High Level Input Voltage 

V DD = 3.6V 

• 

1.9 

V 

V| L 

Low Level Input Voltage 

Vqd = 2.7V 

• 

0.45 

V 

l|N 

Digital Input Current 

Vin = 0V to Vqq 

• 

±10 

mA 

ClN 

Digital Input Capacitance 



5 

PF 

VoH 

High Level Output Voltage 

V DD = 2.7V 






I o = -10mA 


2.6 

V 



I o = -200mA 

• 

2.3 

V 

V 0 L 

Low Level Output Voltage 

V DD = 2.7V 






I o = 160mA 


0.05 

V 



lo = 1.6mA 

• 

0.10 0.4 

V 

•oz 

High Z Output Leakage Dll -DO/8 

Vout = 0V to Vqd. CS High 

• 

±10 

mA 

Coz 

High Z Output Capacitance Dll -DO/8 

CS High (Note 12) 

• 

15 

PF 

•source 

Output Source Current 

Vout = 0V 


-4.5 

mA 

•sink 

Output Sink Current 

Vqut = Vdd 


4.5 

mA 


POWER RCQUIRCmCRTS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 282A/LTC1 282B 

MIN TYP MAX 

UNITS 

Vdd 

Positive Supply Voltage 

(Note 13) 


2.70 3.60 

V 

Vss 

Negative Supply Voltage 

Bipolar Operation (Note 13) 


-2.50 -3.60 

V 

•dd 

Positive Supply Current 

fSAMPLE = 140ksps 

• 

4 7.8 

mA 

•ss 

Negative Supply Current 

^SAMPLE = 140ksps 

• 

0.03 0.15 

mA 

P D | 

Power Dissipation 

fSAMPLE = 140ksps 

• 

12 24 | 

mW 


UWM 
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SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 282A/LTC1 282B 

MIN TYP MAX 

UNITS 

fSAMPLE(MAX) 

Maximum Sampling Frequency 

Commercial (Note 13) 

• 

140 

kHz 



Military (Note 13) 

• 

120 

kHz 

tC0NV 

Conversion Time 

Commercial 

• 

6.0 

MS 



Military 

• 

6.5 

MS 

tl 

CS to RD Setup Time 


• 

0 

ns 

t2 

RDI to bOSYI Delay 

C L = 50pF 


140 200 

ns 



Commercial 

• 

230 

ns 



Military 

• 

260 

ns 

*3 

Data Access Time After RDT 

C L = 20pF (Note 13) 


100 180 

ns 



Commercial 

• 

200 

ns 



Military 

• 

220 

ns 



C L = lOOpF (Note 13) 


110 200 

ns 



Commercial 

• 

240 

ns 



Military 

• 

260 

ns 

t4 

RD Pulse Width 

(Note 13) 

• 

*3 

ns 

t5 

CS to RD Hold Time 

(Note 13) 

• 

0 

ns 

*6 

Data Setup Time After BUSY? 

(Note 13) 


60 85 

ns 



Commercial 

• 

110 

ns 



Military 

• 

120 

ns 

t 7 

Bus Relinquish Time 

(Note 13) 


40 60 120 

ns 



Commercial 

• 

40 130 

ns 



Military 

• 

40 150 

ns 

k 

HBEN to RD Setup Time 

(Note 13) 

• 

0 

ns 

t9 

HBEN to RD Hold Time 

(Note 13) 

• 

0 

ns 

t-io 

Delay Between RD Operations 


• 

40 

ns 

til 

Delay Between Conversions 

Commercial (Note 13) 

• 

1000 450 

ns 



Military (Note 13) 

• 

1500 

ns 

tl2 

Aperture Delay of Sample-and-Hold 



30 

ns 


The • indicates specifications which apply over the full operating 
temperature range; all other limits and typicals Ta = 25°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND and 
AGND wired together (unless otherwise noted). 

Note 3: When these pin voltages are taken below Vss or above Vqd, they 
will be clamped by internal diodes. This product can handle input currents 
greater than 60mA below V S s or above V DD without latchup. 

Note 4: When these pin voltages are taken below Vss they will be clamped 
by internal diodes. This product can handle input currents greater than 
60mA below Vss without latchup. These pins are not clamped to Vqd- 
Note 5: Vqd = 3V, Vss = 0 V tor unipolar mode and Vss = -3V for bipolar 
mode, fsAMPLE = 140kHz, t r = tf = 5ns unless otherwise specified. 

Note 6: Linearity, offset and full scale specifications apply for unipolar and 
bipolar modes. 

Note 7: Integral nonlinearity is defined as the deviation of a code from a 
straight line passing through the actual endpoints of the transfer curve. 
The deviation is measured from the center of the quantization band. 


Note 8: Bipolar offset is the different voltage measured from -1/2LSB 
when the output code flickers between 0000 0000 0000 and 1 1 1 1 1 1 1 1 
1111. 

Note 9: Full scale change when Vss = 0V (Unipolar Mode) or 
-3 V (Bipolar Mode). 

Note 10: Full scale change when V DD = 3V. 

Note 11: The LTC1282 can perform unipolar and bipolar conversions. 
When V S s is grounded (i.e. -0.1V < Vss), the ADC will convert in unipolar 
mode with input voltage of 0V to 2.5 V. When V s s is taken negative (i.e. 
Vss 2.5V), the ADC will convert in bipolar mode with an input voltage 
of ±1 ,25V. A| N must not exceed V DD or fall below Vss by more than 50mV 
for specified accuracy. 

Note 12: Guaranteed by design, not subject to test. 

Note 13: Recommended operating conditions. 

Note 14: Commercial grade parts are designed to operate over the 
temperature range of -40°C to 85°C but are neither tested nor guaranteed 
beyond 0°C to 70°C. Industrial grade parts specified and tested over 
-40°C to 85°C are available on special request. Consult factory. 
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S/(N + D) vs Input Frequency and 
Amplitude (Unipolar, V D q = 3V) 
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INPUT FREQUENCY (Hz) 
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vs Load Current 
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Change in Gain Error 
vs Temperature 
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Change in Offset Voltage 
vs Supply Voltage 
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Am (Pin 1): Analog Input. OV to 2.5V (Unipolar), ±1 ,25V 
(Bipolar). 

Vref (Pin 2): +1 .20V Reference Output. Bypass to AGND 
(10pF tantalum in parallel with 0.1 pF ceramic). 

AGND (Pin 3): Analog Ground. 

D11-D4 (Pins 4 to 11): Three-State Data Outputs. D1 1 is 
the Most Significant Bit. 

DGND (Pin 12): Digital Ground. 

D3/11-D0/8 (Pins 13 to 16): Three-State Data Outputs. 
NC (Pins 17 and 18): No Connection. 

HBEN (Pin 19): High Byte Enable Input. This pin is used to 
multiplex the internal 12-bit conversion result into the 
lower bit outputs (D7 and DO/8). See Table 1 . HBEN also 
disables conversion start when HIGH. 


RD (Pin 20): READJnput. This active lowsignal starts a 
conversion when CS andJiBEN are low. RD also enables 
the output drivers when CS is low. 

CS (Pin 21): The CHIP SELECT Input must be low for the 
ADC to recognize RD and HBEN inputs. 

BUSY (Pin 22): The BUSY Output shows the converter 
status. It is low when a conversion is in progress. 

Vss (Pin 23): Bipolar Mode — Negative Supply, -3V. 
Bypass to AGND with 0.1 pF ceramic. 

Unipolar Mode — Tie to DGND. 

Vqq (Pin 24): Positive Supply, 3 V. Bypass to AGND (1 OpF 
tantalum in parallel with O.lpF ceramic). 


Table 1. Data Bus Output, CS and RD = LOW 



Pin 4 

Pin 5 

Pin 6 

Pin 7 

Pin 8 

Pin 9 

Pin 10 

Pin 11 

Pin 13 

Pin 14 

Pin 15 

Pin 16 

MNEMONIC* 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

HBEN = LOW 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

HBEN = HIGH 

DB11 

DB10 

DB9 

DB8 

LOW 

LOW 

LOW 

LOW 

DB11 

DB10 

DB9 

DB8 


* D1 1 ...DO/8 are the ADC data output pins. 

DB1 1 ...DBO are the 1 2-bit conversion results, DB1 1 is the MSB. 



T€ST CIRCUITS 


Load Circuits for Access Time 


Load Circuits for Output Float Delay 



A) HIGH-Z TO V 0H (t 3 ) 
ANDVqlTO V 0H (t 6 ) 


5 V 

^ 3k 


Cl 


— DGND 

B) HIGH-Z TO V 0L (t 3 ) 
ANDVqhTO V 0L (t 6 ) 



A) V 0H TO HIGH-Z 


5 V 


B) V 0L TO HIGH-Z 
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v REF(0UT) * 



V SS (-3V FOR BIPOLAR MODE, 

| AGND FOR UNIPOLAR MODE) 


SUCCESSIVE 1 /K | n(1Tpi]T 
APPROXIMATION ClN «|g£ 


-DO/8 
► BUSY 

■ CS 

■ RD 

■ HBEN 
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CONVERSION DETAILS 

The LTC1282 uses a successive approximation and an 
internal sample-and-hold circuitry to convert an analog 
signal to a 12-bit parallel or 2-byte output. The ADC is 
complete with a precision reference and an internal clock. 
The control logic provides easy interface to microproces- 
sors and DSPs. Please referto the Digital Interface section 
for the data format. 

Conversion start is controlled by the CS, RD and HBEN 
inputs. At the start of conversion the successive approxi- 
mation register (SAR) is reset and the three-state data 
outputs are enabled. Once a conversion cycle has begun 
it cannot be restarted. 

During conversion, the internal 12-bit capacitive DAC 
output is sequenced by the SAR from the most significant 
bit (MSB) to the least significant bit (LSB). Referring to 
Figure 1, the A| N input connects to the sample-and-hold 
capacitor during the sample phase, and the comparator 
offset is nulled by the feedback switch. In this sample 
phase, a minimum delay of 1 .Ops will provide enough time 
for the sample-and-hold capacitor to acquire the analog 
signal. During the convert phase, the comparator feed- 


back switch opens, puttingthecomparatorinto the compare 
mode. The input switch switches Csample to ground, inject- 
ing the analog input charge to the summing junction. This 
input charge is successively compared with the binary- 
weighted charges supplied by the capacitive DAC. Bitdeci- 
sionsare made by the high speed comparator. Atthe end of 
a conversion, the DAC output balances the Aim input charge. 
The SAR contents (a 1 2-bit data word) which represent the 
Ain are loaded into the 1 2-bit latch. 


SAMPLE 
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DYNAMIC PERFORMANCE 

The LTC1 282 has exceptionally high speed sampling capa- 
bility. FFT (Fast Fourier Transform) test techniques are 
used to characterize the ADC’s frequency response, distor- 
tion and noise at the rated throughput. By applying a low 
distortion sine wave and analyzing the digital output using 
an FFT algorithm, the ADC’s spectral content can be 
examined for frequencies outside the fundamental. Figure 
2 shows a typical LTC1 282 FFT plot. 

Signal-to-(Noise + Distortion) Ratio 

The Signal-to-Noise plus Distortion Ratio [S/(N + D)] is the 
ratio between the RMS amplitude of the fundamental input 
frequency to the RMS amplitude of all other frequency 
components at the A/D output. The output is band limited 
to frequencies from above DC and below half the sampling 
frequency. Figure 2 shows a typical LTC1282 FFT plot. 
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Figure 2. LTC1282 Nonaveraged, 1024 Point FFT Plot 
Effective Number of Bits 

The Effective Number of Bits (ENOBs) is a measurement of 
the resolution of an ADC and is directly related to 
S/(N + D) by the equation: 

N = [S/(N + D) - 1.76]/6.02 

where N is the Effective Number of Bits of resolution and 
S/(N + D) is expressed in dB. At the maximum sampling 
rate of 140kHz the LTC1282 maintains 11.3 ENOBs at 
70kHz input frequency. Refer to Figure 3. 
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Figure 3. ENOBs and S/(N + D) vs Input Frequency 
Total Harmonic Distortion 

Total Harmonic Distortion (THD) is the ratio of the RMS 
sum of all harmonics of the input signal to the fundamental 
itself. The out-of-band harmonics alias into the frequency 
band between DC and half the sampling frequency. THD is 
expressed as: 

THP.zdog^g 

where Vi is the RMS amplitude of the fundamental fre- 
quency and V 2 through Vm are the amplitudes of the 
second through Nth harmonics. The typical THD specifi- 
cation in the Dynamic Accuracy table includes the 2nd 
through 5th harmonics. With a 70kHz input signal, the 
LTC1282 has a typical -82dB THD as shown in Figure 4. 



Figure 4. Distortion vs Input Frequency (Bipolar) 
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Intermodulation Distortion 


If the ADC input signal consists of more than one spectral 
component, the ADC transfer function nonlinearity can 
produce intermodulation distortion (IMD) in addition to 
THD. IMD is the change in one sinusoidal input caused by 
the presence of another sinusoidal input at a different 
frequency. 

If two pure sine waves of frequencies fa and fb are applied 
to the ADC input, nonlinearities in the ADC transfer func- 
tion can create distortion products at sum and difference 
frequencies of mfa ± nfb, where m and n = 0, 1 , 2, 3, etc. 
For example, the 2nd order IMD terms include (fa + fb) and 
(fa-fb) while the 3rd order IMD terms include (2fa + fb), 
(2fa - fb), (fa + 2fb), and (fa - 2fb) if the two input sine 
wavesare equal in magnitude, the value (in decibels) of the 
2nd order. IMD products can be expressed by the follow- 
ing formula: 


IMD (fa ± fb) = 20log 


Amplitude at (fa ± fb) 
Amplitude at fa 


Figure 5 shows the IMD performance at a 20kHz input. 


0 

-20 

I " 40 
I -60 

CL. 

i -80 
-100 
-120 

0 10k 20k 30k 40k 50k 60k 70k 80k 

FREQUENCY (Hz) 

LTC1282 • F05 

Figure 5. Intermodulation Distortion Plot 
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Peak Harmonic or Spurious Noise 

The peak harmonic or spurious noise is the largest spec- 
tral component excluding the input signal and DC. This 
value is expressed in decibels relative to the RMS value of 
a full scale input signal. 


Full Power and Full Linear Bandwidth 

The full power bandwidth is that input frequency at which 
the amplitude of the reconstructed fundamental is re- 
duced by 3dB for a full scale input signal. 

The full linear bandwidth is the input frequency at which 
the S/(N + D) has dropped to 68dB (1 1 effective bits). The 
LTC1 282 has been designed to optimize input bandwidth, 
allowing the ADC to undersample input signals with fre- 
quencies above the converter’s Nyquist Frequency. 

Driving the Analog input 

The analog input of the LTC1 282 is easy to drive. It draws 
only one small current spike while charging the sample- 
and-hold capacitor at the end of conversion. During con- 
version the analog input draws no current. The only 
requirement is that the amplifier driving the analog input 
must settle after the small current spike before the next 
conversion starts. Any op amp that settles in I.Ops to 
small current transients will allow maximum speed opera- 
tion. If slower op amps are used, more settling time can be 
provided by increasing the time between conversions. 
Suitable devices capable of driving the ADC’s Aim input 
include the LT1190/LT1191, LT1007, LT1220, LT1223 
and LT1224 op amps. 

The analog input tolerates source resistance very well. 
Here again, the only requirement is that the analog input 
must settle before the next conversion starts. For larger 
source resistance, full accuracy can be obtained if more 
time is allowed between conversions. 

Internal Reference 

The LTC1 282 has an on-chip, temperature compensated, 
curvature corrected, bandgap reference which is factory 
trimmed to 1 .20V. It is internally connected to the DAC and 
is available at pin 2 to provide up to 0.3mA current to an 
external load. 

For minimum code transition noise the reference output 
should be decoupled with a capacitor to filter wideband 
noise from the reference (10pF tantalum in parallel with a 
0.1 pF ceramic). 
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Overdriving the Internal Reference 

The Vref pin can be driven above its normal value with a 
DAC or other means to provide input span adjustment. 
Figure 6 shows an LT1006 op amp driving the reference 
pin. The Vref P in must be driven to at least 1.25V to 
prevent conflict with the internal reference. The reference 
should be driven to no more than 1 ,44V in unipolar mode 
or 2.88V for bipolar mode to keep the input span within the 
single 3 V or ±3V supplies. 



is natural binary with USB = FS/4096 = 2.5V/4096 = 
0.61 mV. Figure 9 shows the input/outputtransfer charac- 
teristics for the LTC1282 in bipolar operation. The full 
scale for LTC1 282 in bipolar mode is still 2.5 V and 1 LSB 
= 0.61 mV. 



Figure 8. LTC1282 Unipolar Transfer Characteristic 


Figure 7 shows a typical reference, the LT1019A-2.5 
connected to the LTC1 282 operating in bipolar mode. This 
will provide an improved drift (due to the 5ppm/°C of the 
LT101 9A-2.5) and a +2.604V full scale. 


INPUT RANGE 
±2. 60V " 


5V 

1 

L 

Ain Vdd 

V||\| 

V OUT 

LT1019A-2.5 


Vref r 

LTC1282 

L 

GND 

I~10nF 


| 


AGND V S s 


t 


Figure 7. Supplying a 2.5V Reference Voltage 
to the LTC1282 with the LT1019A-2.5 
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Figure 9. LTC1282 Bipolar Transfer Characteristic 


Unipolar Offset and Full Scale Adjustment 


UNIPOLAR/BIPOLAR OPERATION AND ADJUSTMENT 

Figure 8 shows the ideal input/output characteristics for 
the LTC1282. The code transitions occur midway be- 
tween successive integer LSB values (i.e., 1/2LSB, 
1 1/2LSBS, 2 1/2LSBS, FS- 1 1/2LSBs). The output code 


In applications where absolute accuracy is important, 
offset and full scale errors can be adjusted to zero. Figure 
10 shows the extra components required for full scale 
error adjustment. If both offset and full scale adjustments 
are needed, the circuit in Figure 11 can be used. Offset 
should be adjusted before full scale. To adjust offset, 
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apply 0.305mV (i.e., 1/2LSB) at VI and adjust the op amp 
offset voltage until the LTC1282 output code flickers 
between 0000 0000 0000 and 0000 0000 0001 . For zero 
full scale error, apply an analog input of 2.49909V 
(i.e., FS - 1 1/2LSBs or last code transition) at the input 
and adjust the full scale trim until the LTC1 282 output code 
flickers between 1111 1111 1110 and 1111 1111 1111. 



Figure 10. Full Scale Adjust Circuit 



Figure 11. Unipolar Offset and Full Scale Adjust Circuit 


Bipolar Offset and Full Scale Adjustment 

Bipolar offset and full scale errors are adjusted in a similar 
fashion to the unipolar case. Figure 10 shows the extra 
components required for full scale error adjustment. If both 
offset and full scale adjustments are needed, the circuit in 
Figure 1 2 can be used. Again, bipolar offset must be adjusted 
before full scale error. Bipolar offset error adjustment is 



Figure 12. Bipolar Offset and Full Scale Adjust Circuit 


achieved by trimming the offset adjustment of Figure 12 
while the input voltage is 1/2LSB belowground. This is done 
by applying an input voltage of -0.305mV (-1/2LSB for 
LTC1 282) to the input in Figure 1 2 and adjusting R8 until the 
ADC output code flickers between 0000 0000 0000 and 
1111 1111 1111. Forfull scale adjustment, an inputvoltage 
of 1 ,24909V (FS - 3/2LSBS for LTC1 282) is applied to the 
input and R5 is adjusted until the output code flickers 
between 0111 1111 1110 and 0111 1111 1111. 

BOARD LAYOUT AND BYPASSING 

The LTC1282 is easy to use. To obtain the best perfor- 
mance from the device, a printed circuit board is recom- 
mended. Layout for the printed circuit board should 
ensure that digital and analog signal lines are separated 
as much as possible. In particular, care should betaken 
not to run any digital track alongside an analog signal 
track or underneath the ADC. The analog input should be 
screened by AGND. 

High quality tantalum and ceramic bypass capacitors 
should be used at the Vqd and Vref pins as shown in Figure 
13. In bipolar mode, a 0.1 pF ceramic provides adequate 
bypassing for the V s $ pin. The capacitors must be located 
as close to the pins as possible. The traces connecting the 
pins and the bypass capacitors must be kept short and 
should be made as wide as possible. 
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Figure 13. Power Supply Grounding Practice 


Noise: Input signal leads to and signal return leads 
from AGND (Pin 3) should be kept as short as possible to 
minimize input noise coupling. In applications where this 
is not possible, a shielded cable between source and ADC 
is recommended. Also, since any potential difference in 
grounds between the signal source and ADC appears as 
an error voltage in series with the input signal, attention 
should be paid to reducing the ground circuit imped- 
ances as much as possible. 


DIGITAL INTERFACE 

The ADC is designed to interface_with microprocessors as 
a memory mapped device. The CS and RD control inputs 
are common to all peripheral memory interfacing. The 
HBEN input serves as a data byte select for 8-bit proces- 
sors and is normally either connected to the microproces- 
sor address bus or grounded. 

Connecting to 5V Logic Systems 


A single point analog ground separate from the logic 
system ground should be established with an analog 
ground plane at pin 3 (AGND) or as close as possible to the 
ADC, as shown in Figure 13. Pin 12 ( DGND) and all other 
analog grounds should be connected to this single analog 
ground point. No other digital grounds should be con- 
nected to this analog ground point. Low impedance analog 
and digital power supply common returns are essential to 
low noise operation of the ADC and the foil width for these 
tracks should be as wide as possible. 

In applications where the ADC data outputs and control 
signals are connected to a continuously active micropro- 
cessor bus, it is possible to get errors in conversion 
results. These errors are due to feedthrough from the 
microprocessor to the successive approximation com- 
parator. The problem can be eliminated by forcing the 
microprocessor into a WAIT state during conversion or by 
using three-state buffers to isolate the ADC data bus. 


The LTC1 282 interfaces well to 5 V logic because the ESD 
clamps on the inputs do not clamp to the positive supply 
(see Figure 14). Inputs of OV to 5V do not bother the ADC 
at all. In addition, the OV to 3 V outputs of the 3 V ADC are 
more than adequate to meet TTL input levels in the 5 V 
logic. (5 V logic with CMOS input levels requires a level 
shift.) 


f 


ADC OUTPUTS 

OV TO 3V 

TTL 

3VADC 


LEVELS 5 V 

CMOS LOGIC 

OUTPUT 

LTC ESD r 

jf 

ADC INPUTS 

^ CLAMP i 
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OV TO 5V 

LEVELS 
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| LTC1282 *F14 


Figure 14. 3V ADC ESD Protection Handles 
OV to 5V Swings Easily 
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Internal Clock 

The LTC1 282 has an internal clock that eliminates the need 
for synchronization between the external clock and the CS 
and RD signals found in other ADCs. The internal clock is 
factory trimmed to achieve a typical conversion time of 
5.5ps, and a maximum conversion time over the full 
operating temperature range of 6.0ps. No external adjust- 
ments are required and, with the guaranteed maximum 
acquisition time of 1 .Ojas, throughput performance of 
140ksps is assured. 

Timing and Control 

Conversion start and data read_operations are controlled 
by three digital inputs: HBEN, CS and RD. Figure 1 5 shows 
the logic structure associated with these inputs. The three 
signals are internally gated so that a logic “0" is required 
on all three inputs to initiate a conversion. Once initiated it 
cannot be restarted until the co nversio n is complete. 
Converter status is indicated by the BUSY output, and this 
is low while conversion is in progress. 



* D1 1 ....DO/8 ARE THE ADC DATA OUTPUT PINS irei*.ns 

DB1 1 . ..DBO ARE THE 12-BIT CONVERSION RESULTS 


Figure 15. Internal Logic for Control Inputs CS, RD and HBEN 

There are two modes of operation as outlined by the timing 
diagrams of Figures 16 to 19. Slow Memory Mode is 
designed for microprocessors whichcan be_driven into a 
WAIT state. A READ operation brings CS and RD low which 


initiates a conversion and data is read when conversion is 
complete. The second is the ROM Mode which does not 
require jriicroprocessor WAIT states. A READ operation 
brings CS and RD low which initiates a conversion and 
reads the previous conversion result. 

Data Format 

The output format can be either a complete parallel load for 
1 6-bit microprocessors or a two byte load for 8-bit micro- 
processors. Data is always right justified (i.e., LSB is the 
most right-hand bit in a 1 6-bit word). For a two byte read, 
only data outputs D7...D0/8 are used. Byte selection is 
governed by the HBEN input which controls an internal 
digital multiplexer. This multiplexes the 12-bits of conver- 
sion data onto the lower D7...D0/8 outputs (4MSBs or 
8MSBs) where it can be read in two read cycles. The 
4MSBs always appear on D11...D8 whenever the three- 
state output drivers are turned on. 

Slow Memory Mode, Parallel Read (HBEN = LOW) 

Figure 16 and Table 2 show the timing diagram and^data 
bus status for Slow Memory Mode, Parallel Read. CS and 
RD going low tr igger a conversion and the ADC acknowl- 
edges by taki ng BUSY low. Data from the previo us conv er- 
sion appears on the three-state data outputs. BUSY re- 
turns high at the end of conversion when the output 
latches have been updated and the conversion result is 
placed on data outputs Dll. ..DO/8. 

Slow Memory Mode, Two Byte Read 

For a two byte read, only 8 data outputs D7...D0/8 are used. 
Conversion start procedure and data output status for the 
first read operation are identical to Slow Memory Mode, 
Parallel Read. See Figure 17 timing diagram and Table 3 
data bus status. At the end of the conversion, the low data 
byte (D7...D0/8) is read from the ADC. A second READ 
operation with the HBEN high, places the high byte on data 
outputs D3/1 1 ...DO/8 and disables conversion start. Note 
the 4MSBs appear on data output D1 1 ...D8 during the two 
READ operations. 
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Figure 16. Slow Memory Mode, Parallel Read Timing Diagram 


Table 2. Slow Memory Mode, Parallel Read Data Bus Status 


Data Outputs 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

Read 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 



Figure 17. Slow Memory Mode, Two Byte Read Timing Diagram 


Table 3. Slow Memory Mode, Two Byte Read Data Bus Status 


Data Outputs 

07 

D6 

05 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

First Read 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second Read 

Low 

Low 

Low 

Low 

DB11 

DB10 

DB9 

DB8 


rrumi 

TECHNOLOGY 


6-111 








LTC1282 

nppucnnons mFORmnnon 



Figure 18. BOM Mode, Parallel Read Timing Diagram (HBEN = LOW) 


Table 4. ROM Mode, Parallel Read Data Bus Status 


Data Outputs 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

First Read (Old Data) 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO 

Second Read 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 


ROM Mode, Parallel Read (HBEN = LOW) 

The ROM Mode avoids placing a microprocessor into a 
WAIT state. A conversion is started with a READ operation, 
and the 12 bits of data from the previous conversion are 
available on data outputs Dll. ..DO/8 (see Figure 18 and 
Table 4). This data may be disregarded if not required. A 
second READ operation reads the new data (DB1 1 ...DBO) 
and starts another conversion. A delay at least as long as 
the ADC’s conversion time plus the 1 .Ops minimum delay 
between conversions must be allowed between READ 
operations. 

ROM Mode, Two Byte Read 

As previously mentioned for a two byte read, only data 
outputs D7...D0/8 are used. Conversion is started in the 
normal way with a READ operation and the data output 
status is the same as the ROM mode, Parallel Read (see 
Figure 19 timing diagram and Table 5 data bus status). 
Two more READ operations are required to access the new 
conversion result. A delay equal to the ADC’s conversion 


time must be allowed between conversion start and the 
second data READ operation. The second READ operation 
with HBEN high disables conversion start and places the 
high byte (4MSBs) on data outputs D3/1 1 ...DO/8. A third 
read operation accesses the low data byte (DB7...DB0) 
and starts another conversion. The 4MSBs appear on data 
outputs D11...D8 during all three read operations. 

MICROPROCESSOR INTERFACING 

The LTC1282 allows easy interfacing to digital signal 
processors as well as modern high speed, 8-bit or 16- 
bit microprocessors. Here are several examples. 

TMS32QC25 

Figure 20 shows an interface between the LTC1282 and 
the TMS320C25. 

The R/W signal of the DSP initiates a conversion and 
conversion results are read from the LTC1282 using the 
following instruction: 

IN D, PA 
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HBEN 


CS 


RD 


BUSY 


DATA 

HOLD 

TRACK 



Figure 19. ROM Mode Two Byte Read Timing Diagram 


Table 5. ROM Mode, Two Byte Read Data Bus Status 


Data Outputs 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

DI/9 

DO/8 

First Read (Old Data) 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second Read (New Data) 

Low 

Low 

Low 

Low 

DB11 

DB10 

DB9 

DB8 

Third Read (New Data) 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 
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Figure 20. TMS320C25 Interface 


where D is Data Memory Address and PA is the PORT 
ADDRESS. 

MC68000 Microprocessor 

Figure 21 shows a typical interface for the MC68000. The 
LTC1 282 is operating in the Slow Memory Mode. Assum- 
ing the LTC1282 is located at address C000, then the 
following single 16-bit MOVE instruction both starts a 
conversion and reads the conversion result: 

Move.W $C000,D0 

At the beginning of the in struction cycle when t he ADC 
address is selected, BUSY and CS assert DTACK so that 
the MC6800 0 is fo rced into a WAIT state. At the end of 
conversion, BUSY returns high and the conversion result 
is placed in the DO register of the microprocessor. 
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LTC1282 • F21 


Figure 21 . MC68000 Interface 
8085A/Z80 Microprocessor 

Figure 22 shows an LTC1282 interface for the Z80 and 
8085A. The LTC1282 is operating in the Slow Memory 
Mode and a two byte read is required. Not shown in the 
figure is the 8-bit latch required to demultiplex the 8085A 
common address/data bus. AO is used to assert HBEN so 
that an even address (HBEN = LOW) to the LTC1 282 will 
start a conversion and read the low data byte. An odd 
address (HBEN = HIGH) will read the high data byte. This 
is accomplished with the single 1 6-bit LOAD instruction 
below. 


For the 8085A LHLD (B000) 

For the Z80 LDHL, (B000) 



This is a two byte read instruction which loads the ADC 
data (address B000) into th e HL register pair. During the 
first read operation, BUSY forces the microprocessor to 
WAIT for the LTC1282 conversion. No WAIT states are 
inserted during the second read operation when the mi- 
croprocessor is reading the high data byte. 

TMS32010 Microcomputer 

Figure 23 shows an LTC1 282/TMS3201 0 interface. The 
LTC1282 is operating in the ROM Mode. The interface is 
designed for a maximum TMS32010 clock frequency of 
18MHz but will typically work over the full TMS32010 
clock frequency range. 

The LTC1282 is mapped at a port address. The following 
I/O instruction starts a conversion and reads the previous 
conversion result into data memory. 

IN A, PA (PA = PORT ADDRESS) 

When conversion is complete, a second I/O instruction 
reads the up-to-date data into memory and starts another 
conversion . A delay at least as long as the ADC conversion 
time must be allowed between I/O instructions. 
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Figure 23. TMS32010 Interface 


Figure 22. 8085A and Z80 Interface 
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MUXingwith CD4051 

The high input impedance of the LTC1282 provides an 
easy, cheap, fast, and accurate way to multiplex many 
channels of data through one converter. Figure 24 shows 
a low cost CD4051 , one of the most common multiplexers 
connected to the LTC1 282. The LTC1 282’s input draws no 
DC input current so it can be accurately driven by the 
unbuffered MUX. The CD4520 counter increments the 
MUX channel after each sample is taken. 

lOOps Resolution ATime Measurement with LTC1282 

Figure 25 shows a circuit that precisely measures the 
difference in time between two events. It has a 400ns full 
scale and lOOps resolution. The start signal releases the 
ramp generator made up of the PNP current source and 
the 500pFcapacitor. The circuit ramps until the stop signal 
shuts off the current source. The final value of the ramp 
represents the time between the start and stop events. 


The LTC1282 digitizes this final value and outputs the 
digital data. 


3V 


8 INPUT 
CHANNELS 
±1 .25V 
INPUT 
VARIES 



Figure 24. MUXing the LTC1282 with CD4051 


3.3V 




Figure 25. A Time Measurement with the LTC1282 
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Other High Speed A/D Converters 

LTC makes a family of high speed sampling ADCs for a 
variety of applications. Both single 5 V and ±5V supply 
devices are available at high speeds. The high speed 
12-bit family is summarized below. 


300ksps and 500ksps 12-Bit Sampling A/D Converters 


Comparison ot Specilications and Features 


Built-In 
Sample & Hold 


2.42 V 
Vref- 

OUTPUT 


ANALOG INPUT — | A| N 


2.7fis Conversion 
Time 

I 

\ LTC1 273/5/6 


x:; nr; 




I 1 

Reference 
Output For 
System Use 

8- OR 12-BIT 
PARALLEL BUS 

t 

Parallel Outputs 
For The Fastest 
Data Transfer Rates 


Ain 

VOD 



AGND 

BUSY 

Dll (MSB) CS I 

DIO 

RD 

D9 

HBEN 

D8 

D7 


D6 

DO/8 

D5 

DI/9 

D4 

D2/10 

DGND 

D3/11 


Reference On Board 

/ w -Only75mW 

, + y„ | Power 


0.1|iF 


HP CONTROL 
LINES 


Consumption 


No Negative 
Supply Required 
for Unipolar 
Operation 
Internal Clock 
No Crystal 
Required 


DEVICE 

TYPE 

SAMPLING 

FREQ 

S/(N + D) 

@ NYQUIST 

INPUT 

RANGE 

POWER 

SUPPLY 

POWER 

DISSIPATION 

LTC1272 

250kHz 

65dB 

0V-5V 

5V 

75mW 

LTC1273 

300kHz 

70dB 

0V-5V 

5V 

75mW 

LTC1275 

300kHz 

70dB 

±2.5V 

±5V 

75mW 

LTC1276 

300kHz 

70dB 

±5V 

±5V 

75mW 

LTC1278 

500kHz 

70dB 

0V-5V 

or±2.5V 

5V 

or±5V 

75mW 

6mW* 

LTC1282 

140kHz 

68dB 

0V-2.5V 
or ±1. 25V 

3V 

or±3V 

12mW 


*6mW power shutdown with instant wake up 
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LTC1283 


3 V Single Chip 10-Bit Data 
Acquisition System 


F€RTUR€S 

■ Single Supply 3.3V or ±3.3V Operation 

■ Software Programmable Features: 

Unipolar/Bipolar Conversions 
4 Differential/8 Single-Ended Inputs 
MSB- or LSB-First Data Sequence 
Variable Data Word Length 

■ Built-In Sample-and-Hold 

■ Direct 4-Wire Interface to Most MPU Serial Ports 
and all MPU Parallel Ports 

■ 15kHz Maximum Throughput Rate 

K€V SPCCIFICRTIORS 

■ Minimum Guaranteed Supply Voltage: 3 V 

■ Resolution: 10 Bits 

■ Offset Error: 10.5LSB Max 

■ Linearity Error: ±0.5LSB Max 

■ Gain Error (LTC1283A): +1LSB Max 

■ Conversion Time: 44pis 

■ Supply Current: 350pA Max, 1 50pA Typ 


DCSCRIPTIOR 

The LTC1283 is a 3 V data acquisition component which 
contains a serial I/O successive approximation A/D con- 
verter. It uses LTCMOS™ switched capacitor technology 
to perform either 1 0-bit unipolar, or9-bit plus sign bipolar 
A/D conversions. The 8-channel input multiplexer can be 
configuredforeithersingle-ended ordifferential inputs (or 
combinations thereof). An on-chip sample-and-hold is 
included for all single-ended input channels. 

The serial I/O is designed to be compatible with industry- 
standard full-duplexserialinterfaces.lt allows either MSB- 
or LSB-first data and automatically provides 2's comple- 
ment output coding in the bipolar mode. The output data 
word can be programmed for a length of 8-, 10-, 12-, or 
16-bit. This allows easy interface to shift registers and a 
variety of processors. 

Both the LTC1 283A and LTC1 283 are specified with offset 
and linearity errors less than ±0.5LSB. The LTC1 283A has 
a gain error limit of ±1 LSB. The 1 283 is specified with a 
gain error limit of +2LSB for applications where gain is 
adjustable or less critcial. 

LTCMOS is a trademark of Linear Technology Corp. 


TVPICRl RPPUCRTIOR 


4.7pF 







P>B 

w — W' 




1.0 1 ‘ 1 

0 512 1024 

OUTPUT CODE 
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absolute maximum rrtirgs (Notes 1 and 2) 


Supply Voltage (Vcc) to GND or V~ 12V 

Voltage 

Analog and Reference 


Inputs (V“) -0.3V to V CC + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Outputs -0.3V to Vcc + 0.3V 


Negative Supply Voltage (V-) -6 V to GND 

Power Dissipation 500mW 

Operating Temperature 

LTC1283AC, LTC1283C 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER lAFORmATlOA 



TOP VIEW 


ORDER PART 



TOP VIEW 


ORDER PART 

CHO |T 
CHI [7 

KJ 

U Vcc 

19] ACLK 

NUMBER 

CHO [T 
CHI |T 



20] V CC 

19] ACLK 

NUMBER 






CH2 \T 


T§] SCLK 

LTC1283ACN 

CH2 [T 



T|] SCLK 

LTC1283ACS 

CH3 [T 
CH4 |T 


33 °IN 

33 Dout 

LTC1283CN 

CH3 [T 
CH4 |T 



33 Din 

33 Dout 

LTC1283CS 

CH5 |T 


jH cs 


CH5 [T 



TT[ cs 


CH6 |T 


h] ref + 


CH6 [T 



]3 REF + 


CH7 Q[ 


jU REF- 


CH7 |T 



m REF- 


COM |T 


12] V" 


COM |T 



12] V" 


DGND QO 


TO AGND 


DGND [TO 



TT] AGND 


N PACKAGE 

20-LEAD PLASTIC DIP 


S PACKAGE 

20-LEAD PLASTIC SOL 


Tj MAX = 150°C, 0ja = 1OO°C/W 


Tjmax 

= 150°C, 0j A = 130°C/W 



Consult factory for Industrial and Military grade parts 


RccommcnDED operrtirg corditiors 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 283/LTC1 283A 

MIN TYP MAX 

UNITS 

VCC 

Positive Supply Voltage 

V- = 0V 

3.0 3.6 

V 

v- 

Negative Supply Voltage 

Vcc = 3.3V 

-3.6 0 

V 

fSCLK 

Shift Clock Frequency 

Vcc = 3V 

0 500 

kHz 

fACLK 

A/D Clock Frequency 

Vcc = 3V 

Ta < 25°C 

Ta<70°C 

0.01 1.00 

0.05 1.00 

MHz 

MHz 

tCYC 

Total Cycle Time 

See Operating Sequence 

10 SCLK + 

48 ACLK 

Cycles 

thCS 

Hold Time, CS Low After Last SCLKT 

Vcc = 3 V 

0 

ns 

thDI 

Hold Time, Din After SCLKt 

Vcc = 3V 

200 

ns 

tsuCS 

Setup Time CST Before Clocking in First Address Bit (Note 8) 

Vcc = 3 V 

2 ACLK Cycles 

+ 1|OS 


tsuDI 

Setup Time, Din Stable Before SCLKt 

Vcc = 3V 

400 

ns 

tWHACLK 

ACLK High Time 

Vcc = 3 V 

250 

ns 

tWLACLK 

ACLK Low Time 

Vcc = 3V 

400 

ns 

tWHCS 

CS High Time During Conversion 

Vcc = 3V 

44 

ACLK 

Cycles 
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LTC1283 


CORV€RT€R RflD R1UITIPLCX6R CHRRRCTCRISTICS (Notes) 


PARAMETER 

CONDITIONS 

LTC1283A 

MIN TYP MAX 

LTC1283 

MIN TYP MAX 

UNITS 

Offset Error 

(Note 4) 

• 

±0.5 

±0.5 

LSB 

Linearity Error 

(Notes 4 and 5) 

• 

±0.5 

±0.5 

LSB 

Gain Error 

(Note 4) 

• 

±1.0 

±2.0 

LSB 

Minimum Resolution for Which No 

Missing Codes are Guaranteed 


• 

10 

10 

Bits 

Reference Input Resistance 



10 

10 

kQ 

Analog and REF Input Range 

(Note 6) 


(V-)- 0.05V to V CC + 0.05V 

V 

On Channel Leakage Current 
(Note 7) 

On Channel = 3V 

Off Channel = OV 

• 

1 

1 

rA 

On Channel = OV 

Off Channel = 3 V 

• 

-1 

-1 

rA 

Off Channel Leakage Current 
(Note 7) 

On Channel = 3 V 

Off Channel = OV 

• 

-1 

-1 

rA 

On Channel = OV 

Off Channel = 3 V 

• 

1 

1 

rA 


RC CHRRRCTCRISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 283/LTC1 283A 

MIN TYP MAX 

UNITS 

Ucc 

Delay Time From CSl to Dout Data Valid 

(Note 8) 


2 

ACLK Cycles 

tSMPL 

Analog Input Sample Time 

See Operating Sequence 


5 

SCLK Cycles 

tC0l\JV 

Conversion Time 

See Operating Sequence 


44 

ACLK Cycles 

tdDO 

Delay Time, SCLlU to Dqut Data Valid 

See Test Circuts 

• 

400 900 

ns 

tdis 

Delay Time, CST to Dqut Hi-Z 

See Test Circuits 

• 

240 500 

ns 

ten 

Delay Time, 2nd CLKi to D 0UT Enabled 

See Test Circuits 

• 

300 800 

ns 

thDO 

Time Output Data Remains Valid After SCLlU 



75 

ns 

tf 

Dout Fall Time 

See Test Circuits 

• 

90 300 

ns 

t r 

Dout Rise Time 

See Test Circuits 

• 

80 300 

ns 

C|N 

Input Capacitance 

Analog Inputs On Channel 


65 

PF 



Off Channel 


5 

PF 



Digital Inputs 


5 

PF 


DIGITAL ADD DC €l€CTRICAl CHRRRCTCRISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 283/LTC1 283A 

MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

V CC = 3.6V 

• 

1.7 

V 

V| L 

Low Level Input Voltage 

V CC = 3V 

• 

0.45 

V 

1 IH 

High Level Input Current 

V|N = Vcc 

• 

2.5 

rA 

IlL 

Low Level Input Current 

> 

o 

z 

> 

• 

-2.5 

rA 

VOH 

High Level Output Voltage 

V CC = 3V, l o = -20piA 


2.6 2.8 

V 



l 0 = -200|jA 

• 

2.0 

V 

% 

Low Level Output Voltage 

V CC = 3V, l 0 = 20|uA 


0.05 

V 



Iq = 400jnA 

• 

0.10 0.30 

V 
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DIGITAL RflD DC €l€CTRICRl CHRRRCT€RISTICS (Note 3) 


SYMBOL 

PARAMETER 

1 CONDITIONS 

LTC1 283/LTC1 283A 

MIN TYP MAX 

UNITS 

>oz 

Hi-Z Output Leakage 

v out = Vcc. CS High 

• 

3 

pA 



V OU t = 0V, CS High 

• 

-3 

pA 

'source 

Output Source Current 

V O ut = 0V 


-4.5 

mA 

'sink 

Output Sink Current 

VoUT = Vcc 


4.5 

mA 

•cc 

Positive Supply Current 

CS High, REF + Open 

• 

150 350 

pA 

Iref 

Reference Current 

Vref = 2.5V 

• 

250 500 

pA 

r 

Negative Supply Current 

CS High, V" = -3V 

• 

-1 -50 

pA 


The • denotes specifications which apply over the operating temperature 
range; all other limits and typicals Ta = 25°C. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2; All voltage values are with respect to ground with DGND, AGND 
and REF - wired together (unless otherwise noted). 

Note 3: Vcc = 3 V, Vref + = 2.5V, Vref - = OV, V" = OV for unipolar mode 
and -3 V for bipolar mode, ACLK = 1 MHz, SCLK = 0.25MHz unless 
otherwise specified. 

Note 4: These specifications apply for both unipolar and bipolar modes. In 
bipolar mode, one LSB is equal to the bipolar input span (2Vref) divided 
by 1024. For example, when Vref = 2.5V, 1LSB (bipolar) = 2(2.5V)/1024 = 
4.88mV. 

Note 5: Linearity error is the deviation from ideal of the slope between the 
two end points of the transfer curve. 


Note 6: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V" or one diode drop above Vcc. Be careful during testing at low 
Vcc levels, as high level reference or analog inputs can cause this input 
diode to conduct, especially at elevated temperatures, and cause errors for 
inputs near full scale. This spec allows 50mV forward bias of either diode. 
This means that as long as the reference or analog input does not exceed 
the supply voltage by more than 50mV, the output code will be correct. 
Note 7: Channel leakage current is measured after the channel selection. 
Note 8: To minimize errors caused by noise at the chip select input, the 
internal circuitry waits for two ACLK falling edges after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the 
minimum chip select setup time has elapsed. 


TVPICRl P€RFORmnnC€ CHARACTERISTICS 


Supply Current vs Temperature 

250 


< 200 

O 

_o 
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z 

cc 

tr 
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0 
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Reference Current vs Temperature 
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400 

_ 300 
< 

- 200 
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0 
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— 

Vcc 

Vref 

— 
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Unadjusted Offset Error 
vs Reference Voltage 



REFERENCE VOLTAGE (V) 


LTC1283 • G01 


LTC1283-G02 


LTC1283 • G03 
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TYPICAL P€RFOftmnnC€ CHARRCTCRISTICS 


Change in Full-Scale Error Linearity Error 

vs Reference Voltage vs Reference Voltage 




Change in Offset Error 



LTC1283 • G06 


Change in Linearity Error 
vs Temperature 


1 1 

Vcc = 3V 

Vr EF = 2.5V 


























J 

=J 


—d 


"i 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 

LTC1283-G07 


Change in Gain Error 
vs Temperature 



Maximum Conversion Clock Rate 
vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE fC) 

LTC1283* G0S 



Maximum Conversion Clock Rate 
vs Reference Voltage 



0 0.5 1.0 1.5 2.0 2.5 

REFERENCE VOLTAGE (V) 

LTC1283 • G10 


Maximum Conversion Clock Rate 
vs Source Resistance 


Maximum Filter Resistor 
vs Cycle Time 



1 10 100 
^source (kQ) 

LTC1283-G11 



10 100 1000 10000 
CYCLE TIME (ns) 

LTC1283 • G12 


‘Maximum ACLK frequency represents the ACLK frequency at which a 0.1 LSB shift in the error at “Maximum Rrlter represents the filter resistor value at which a 0.1 LSB change in full-scale error 
any code transition from its 1 00kHz value is first detected. from its value at Rrlter = 0 is first detected. 
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TYPICAL P€RFORmnnC€ CHRRRCTCRISTICS 


Sample-and-Hold Acquisition Input Channel Leakage Current Noise Error 

Time vs Source Resistance vs Temperature vs Reference Voltage 



RsouRCE (kfl) AMBIENT TEMPERATURE (°C) REFERENCE VOLTAGE (V) 


pin Functions 


# 

PIN 

FUNCTION 

DESCRIPTION 

1-8 

CH0-CH7 

Analog Inputs 

The analog inputs must be free of noise with respect to AGND. 

9 

COM 

Common 

The common pin defines the zero reference point for all single-ended inputs. It must be 
free of noise and is usually tied to the analog ground plane. 

10 

DGND 

Digital Ground 

This is the ground for the internal logic. Tie to the ground plane. 

11 

AGND 

Analog Ground 

AGND should be tied directly to the analog ground plane. 

12 

V" 

Negative Supply 

Tie V"to most negative potential in the circuit. (Ground in single supply applications.) 

13,14 

REF” REF + 

Reference Inputs 

The reference inputs must be kept free of noise with respect to AGND. 

15 

CS 

Chip Select Input 

A logic low on this input enables data transfer. 

16 

d out 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

17 

Din 

Data Input 

The A/D configuration word is shifted into this input. 

18 

SCLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

19 

ACLK 

A/D Conversion Clock 

This clock controls the A/D conversion process. 

20 

Vcc 

Positive Supply 

This supply must be kept free of noise and ripple by bypassing directly to the analog 
ground plane. 
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T€ST CIRCUITS 


On and Off Channel Leakage Current Voltage Waveforms for Dqut Delay Time, tdoo 



( / LTC1283TC01 


Load Circuit for tdoo, t r , tf and t en Voltage Waveform for Dqut Rise and Fall Times, t r and tf 



Voltage Waveforms for t en and td, s 



NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT 
IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL 

NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT 
IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL 
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The LTC1283 is a 3 V data acquisition component which 
contains the following functional blocks: 

1. 10-bit successive approximation capacitive 
A/D converter 

2. Analog multiplexer (MUX) 

3. Sample-and-hold (S&H) 

4. Synchronous, full duplex serial interface 

5. Control and timing logic 

DIGITAL CONSIDERATIONS 
1. Serial Interface 


previous conversion is output on the Dout line. At the end 
of thedata exchange the requested conversion begins 
and CS should be brought high. After tcoNV- the conver- 
sion is complete and the results will be available on the 
next data transfer cycle. As shown below, the result of 
a conversion is delayed by one CS cycle from the input 
word requesting it. 

D in I Dm WORD 1 1 I Dm WORD 2 ) | Dm WORD 3 | 

Dout | Pout word o| |Dqu T wordi | |d out W0RD2| 



The LTC1283 communicates with microprocessors and 
other external circuitry via a synchronous, full duplex, 4- 
wire serial interface (see Operating Sequence). The shift 
clock (SCLK) synchronizes the data transfer with each bit 
being transmitted on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting and receiving 
systems. The data is transmitted and received simulta- 
neously (full duplex). 

Data transfer is initiated by afalling chip select (CS) signal. 
After the falling CS is recognized, an 8-bit input word is 
shifted into the Dug input which configures the LTC1283 
for the next conversion. Simultaneously, the result of the 


2. Input Data Word 

The LTC1 283 8-bit input data word is clocked into the Dug 
input on the first eight rising SCLK edges after chip select 
is recognized. Furthennputs on the Dug pin are then 
ignored until the next CS cycle. The eight bits of the input 
word are defined as follows: 


DATA INPUT (D| N ) WORD: 


UNIPOLAR/ WORD 

BIPOLAR LENGTH 

/"■ * \ / 1 “ 1 


SGL/ 

ODD/ 

SELECT 

SELECT 

UNI 

MSBF 

WL1 

WLO 

DIFF 

SIGN 

1 

0 






MSB-FIRST/ 

LSB-FIRST LTC1283 • A103 


Operating Sequence 

(Example: Differential Inputs (CH3-CH2), Bipolar, MSB-First and 10-Bit Word Length) 


SCLK 


CS 


• tCYC 


I 1 |2|3|4|5|6|7|8|9|10| 

j^jmsrrmimjuuz^ 


u 


■ tSMPL - 


4. 


m imnjinjijmriJiM 


- tCONV 


J 


1 


ODD/ SEL 

SGL/ SIGN SEL 0 MSBF WLO 

maun 1 sse care wzzzm n r~i n r 


dout 



run- 


SHIFT CONFIGURATION 
WORD IN 


SHIFT A/D RESULT OUT AND 
NEW CONFIGURATION WORD IN 


LTC1283 • AI01 
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Multiplexer (MUX) Address 

The first four bits of the input word assign the MUX 
configuration for the requested conversion. For a given 
channel selection, the converter will measure the voltage 
between the two channels indicted by the + and - signs in 
the selected row of Table 1 . Note that in differential mode 


(SGL/DIFF = 0) measurements are limited to four adjacent 
input pairs with either polarity. In single-ended mode, all 
input channels are measured with respect to COM. Figure 1 
shows some examples of multiplexer assignments. 


Table 1. Multiplexer Channel Selection 


MUX ADDRESS 

| DIFFERENTIAL CHANNEL SELECTION | 

| MUX ADDRESS 

| SINGLE-ENDED CHANNEL SELECTION 

SGL/ 

DIFF 

ODD/ 

SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

SGL/ 

DIFF 

ODD/ 

SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

0 

0 

0 

0 

+ 

- 







1 

0 

0 

0 

+ 








- 

0 

0 

0 

1 



+ 

- 





1 

0 

0 

1 



+ 






- 

0 

0 

1 0 





+ 

- 



1 

0 

1 

0 





+ 




- 

0 

0 

1 1 







+ 

- 

1 

0 

1 

1 







+ 


- 

0 

1 

0 

0 

- 

+ 







1 

1 

0 

0 


+ 







- 

0 

1 

0 

1 



- 

+ 





1 

1 

0 

1 




+ 





- 

0 

1 

1 0 





- 

+ 



1 

1 

1 

0 






+ 



- 

0 

1 

1 1 







31 

+ 

1 

1 

1 

1 






i 


+ 

- 


4 Differential 


8 Single-Ended 


Combinations of Differential and Single-Ended 


CHANNEL 



+ H 
-(+) 

w{ 


2,3 | 

+ H 
-(+) 

4 5 {H 

+ H 
-(+) 

67 {H 

+ H 
-(+) 






Changing the MUX Assignment “On the Fly” 


+ 




5,4 {_ 

+ 

+ 

6r 

+ 

- 

7 t 

+ 

COM (UNUSED) 

j— 

COM (-) 


1ST CONVERSION “ 2ND CONVERSION 

Figure 1. Examples of Multiplexer Options on the LTC1283 
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Unipolar/Bipolar (UNI) 

The fifth input bit (UNI) determines whether the conver- 
sion will be unipolar or bipolar. When UNI is a logical one, 
a unipolar conversion will be performed on the selected 


Unipolar Transfer Curve (UNI = 1 ) 



input voltage. When UNI is a logical zero, a bipolar conver- 
sion will result. The input span and code assignment for 
each conversion type are shown in the figures below. 


Unipolar Output Code (UNI = 1) 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(Vref = 2.5V) 

1111111111 

Vref-ILSB 

2.4976V 

1111111110 

VREF-2LSB 

2.4951V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

1LSB 

0.0024V 

0000000000 

OV 

OV 


LTC1283 AI06 


Bipolar Transfer Curve (UNI = 0) 



OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(Vref = 2.5V) 

0111111111 

Vref-ILSB 

2.4951V 

0111111110 

Vref-2LSB 

2.4902V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

1LSB 

0.0049V 

0000000000 

OV 

OV 

1111111111 

-1LSB 

-0.0049V 

1111111110 

-2LSB 

-0.0098V 

• 

• 

• 

1000000001 

-(V REF ) + 1LSB 

-2.4951V 

1 000000000 

-(Vref) 

-2.5000V 


LTC1283 AI07 
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MSB-First/LSB-Firsi Format (MSBF) 

The output data of the LTC1283 is programmed for MSB- 
first or LSB-first sequence using the MSBF bit. For MSB- 
first output data the input word clocked to the LTC1283 
should always contain a logical one in the sixth bit location 
(MSBF bit). Likewise for LSB-first output data, the input 
word clocked to the LTC1 283 should always contain a zero 
in the MSBF bit location. The MSBF bit in a given word 
will control the order of the next Dout word. The MSBF bit 
affects only the order of the output data word. The order 
of the input word is unaffected by this bit. 


MSBF 

OUTPUT FORMAT 

0 

LSB-First 

1 

MSB-First 

LTC1283 AI08 


Word Length (WL1.WL0) 

The last two bits of the input word (WL1 and WLO) 
program the output data word length of the LTC1283. 
Word lengths of 8-, 10-, 12- or 16-bit can be selected 
according to the following table. The WL1 and WLO bits in 
a given word control the length of the present, not the 
next, Dout word. WL1 and WL2 are never “don’t cares” 
and must be set for the correct Dout word length even 
when a “dummy” Din word is sent. On any transfer cycle, 
the word length should be made equal to the number of 
SCLK cycles sent by the MPU. 


WL1 

WLO 

OUTPUT WORD LENGTH 

0 

0 

8 Bits 

0 

1 

10 Bits 

1 

0 

12 Bits 

1 

1 

16 Bits 


1 ACLK cycle. After a change of state on the CS input, the 
LTC1283 waits for two falling edges of the ACLKJrefore 
recognizing a valid chip select. One indication of CS low 
recognition is the Dqut line becoming active (leaving the 
Hi-Z state). Note that the deglitching applies to both the 
rising and falling CS edges. 


ACLK 



Dqut — ^ VALID OUTPUT 


LOW CS RECOGINZED INTERNALLY 


aclk _n_njn_n_n_n 



Dqut valid output 


HIGH CS RECOGNIZED INTERNALLY ucm-m, 

4. CS Low During Conversion 

In the normal mode of operation, CS is brought high 
during the conversion time (see Figure 3). The serial port 
ignores any SCLK activity while CS is high. The LTC1283 
will also operate with CS low during the conversion. In this 
mode, SCLK must remain low during the conversion as 
shown in Figure 4. After the conversion is complete, the 
Dout line will become active with the first output bit. Then 
the data transfer can begin as normal. 



Figure 2 shows how the data output (Dout) timing can be 
controlled with word length selection and MSB/LSB-first 
format selection. 

3. Deglitcher 

A deglitching circuit has been added to the chip select 
input of the LTC1283 to minimize the effects of errors 
caused by noiseon that input. This circuit ignores changes 
in state on the CS input that are shorter in duration than 


5. Microprocessor Interfaces 

The LTC1 283 can interface directly (without external hard- 
ware) to most popular microprocessor (MPU) synchro- 
nous serial formats (see Table 2). If an MPU without a 
serial interface is used, then four of the MPU’s parallel port 
lines can be programmed to form the serial link to the 
LTC1283. Included here are three serial interface ex- 
amples and one example showing a parallel port pro- 
grammed to form the serial interface. 


rrwm 
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8-Bit Word Length 

cs 


SCLK 


V 

-* tSMPL ► 

> 

juinn 

JITLTLR 


Dout . 
MSB-FIRST 


(SB) 

* B9 I B8 I B7 


B5 I B4 B3 B2 


-tCONV 


-THE LAST TWO BITS 
ARE TRUNCATED 


10-Bit Word Length 

cs \ 


• tSMPL- 


- tCONV 


SCLK 


imrLTLimnrLrLR 



12-Bit Word Length 

cs 


- tSMPL - 


SCLK 


MSB-FIRST 
LSB-FmST 1 BQ 1 81 I 82 I 

16-Bit Word Length 

cs 


SCLK 


■ tSMPL - 


-tCONV 


jmnnimjmimjm 


B5 \ B4 B3 | B2 ( B1 1 BO | ZEROES p 


-tCONV 





FILL 

ZEROES 


Dout 

LSB-FIRST 


* IN UNIPOLAR MODE, THESE BITS ARE FILLED WITH ZEROES. 

IN BIPOLAR MODE, THE SIGN BIT IS EXTENDED INTO THESE LOCATIONS. 


Figure 2. Data Output (Dqut) Timing with Different Word Lengths 
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SHIFT 


tSMPL 



h*-MUX ADDRESS— ► 

SAMPLE ANALOG ►( 

CS 

IN 

INPUT ! 

1 


p ACLK CYCLES *T 

AND NEW ADDRESS IN 

*1 

J ' L 


\ 


jLTurmnjn^umji rmri_n__anjmnjmjiJTrL 


— — -SGL/—_ SEL SEL — 

Din ////I DIFF|0DD/| 1 0 |UNI MSBF|WL1|WL0 

SIGN 


DON’T CARE Z///f J ////// /\ DIFF |0DD/| 1 |SEL UNI MSBF|WL1 |WL0 
' S IGN Q 


LTC1283 • F03 


Figure 3. CS High During Conversion 


SHIFT 

tSMPL 

f 40 TO 44 

f SHIFT RESULT OUT 

j ^ IVIUA MUUnLoo ** 

i IN 

CS | 

INPUT 

ACLK CYCLES 

AND NEW ADDRESS IN 

r 

i i 

sclk nnnnnnnnn n saKMusTREMfliNLow 

_^LrmrLrumrLn_^ 

, , -SGI /. , SEL SEL . 


: ! 

RRI / SFI 

Din 7///|DIFF|0DD/| 1 0 | 

|uni msbf|wli|wlo|//////////// don’t care 7////7///////|diff|odd/1 1 | SEL uni msbf|wli |wlo7////////// 


Dqut ' 


LTC1 283 • F04 


Figure 4. CS Low During Conversion 



Table 2. 3V Microprocessor with Hardware Serial Interfaces 
Compatible with the LTC1283* 


PART NUMBER 

TYPE OF INTERFACE 

Motorola 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 

CDP68HC05 

SPI 

National Semiconductor 

C0P800 Family 

MICROWIRE/PLUS 1 

H PCI 6000 Family 

MICROWIRE/PLUS 1 

Texas Instruments 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 


•Contact factory for interface information for processors not on this list 
'MICROWIRE/PLUS is a trademark of National Semiconductor Corp. 


Serial Port Microprocessors 

Most synchronous serial formats contain a shift clock 
(SCLK) and two data lines, one fortransmitting and one for 
receiving. In most cases data bits are transmitted on the 
falling edge of the clock (SCLK) and captured on the rising 
edge. However, serial port formats vary among MPU 
manufacturers as to the smallest number of bits that can 
be sent in one group (e.g., 4-bit, 8-bit or 16-bit transfers). 
They also vary as to the order in which the bits are 
transmitted (LSB- or MSB-first). The following examples 
show how the LTC1 283 accommodates these differences. 

National MICROWIRE (C0P820C) 

The COP820C transfers data MSB-first and in 8-bit incre- 
ments. This is easily accommodated by setting the LTC1 283 
to MSB-first format and 10-bit word length. The data 
output word is then received by the COP820C in one 8-bit 
block and one 2-bit block. 
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Hardware and Software Interface to National Semiconductor 
GOP820C Processor 


ANALOG 

INPUTS 


LTC1283 


COP820C 



D OUT from LTC1283 stored in COP820C RAM 

MSB* 


0 

m 

0 

0 

0 

0 

0 

0 

LSB 

□ 

□ 

0 

0 

0 

0 

0 

0 


BYTE 1 

BYTE 2 


*B9 is MSB in unipolar or sign bit in bipolar 

LTC1283 • AI12 


MNEMONIC 

COMMENTS 

MNEMONIC 

COMMENTS 

LD (F0)<-0D 

LOAD OD INTO FO (Dim) 

X(A)< — >(E9) 

LOAD DoutINTO ACC 

LD (D5)<— 32 

CONFIGURE PORT G 

SBIT2 

TRANSFER CONTINUES 

LD (EE)< — 8 

CONFIGURE CONTROL REG. 

X (A)< — >(F3) 

LOAD DoutINADDR F3 

LD (B)<-D4 

PORT G DATA REG. INTO B 

RBIT2 

STOP TRANSFER 

LD (A)<-(F0) 

LOAD D, n INTO ACC 

LD (B)< — D4 

PUT PORT G ADDR IN B 

RBIT1 

G1 RESET (CS GOES LOW) 

SBIT1 

G1 SET (CS GOES HIGH) 

X (A)< — >(E9) 

LOAD Din INTO SHIFT REG. 

X (A)< — >(E9) 

LOAD D 0 ut INTO ACC 

LD (B)<-EF 

LOAD PSW REG. ADDR IN B 

RC 

CLEAR CARRY 

SBIT2 

TRANSFER BEGINS 

RRCA 

SHIFT RIGHT THRU CARRY 

T 


RRCA 

SHIFT RIGHT THRU CARRY 

NOP 

15 NOPs FOR TIMING 

RRCA 

SHIFT RIGHT THRU CARRY 

1 


X (A)<— — >(F4) 

LOAD Dqut IN ADDR F4 


Motorola SPI (MC68HC05C4, MC68HC11) 

The MC68HC05C4 and MC68HC11 transfer data MSB- 
first and in 8-bit increments. Programming the LTC1283 
for MSB-firstformat and 1 6-bit word length allows the 1 0- 

Hardware and Software Interface to Motorola MC68HC05C4 and 
MC68HC11 Processors 


bit data output to be received by the MPU as two 8-bit 
bytes with the final 6 unused bits filled with zeroes by the 
LTC1283. 


Dqut from LTC1283 stored in MC68HC05C4 or MC68HC11 RAM 


ANALOG 

INPUTS 


MC68HC05C4 

LTC1283 MC68HC11 



' ' ■ • 11M : 



— 

CS 


CO 

-7- 

SCLK 


SCK 

\ 

Dim 


MOSI 


Dowf 


MISO 


LTC1283* AI13 


MSB* 

LOCATION A 


LOCATION A + 1 

*B9 is MSB in unipolar or sign bit in bipolar 

LTC1283 • AI14 


| B9 | B8 

0 

0 

| B5 | B4 | B3 | B2 | 

LSB 

ra 

0 

0 

| 0 | 0 | 0 | 0 | 


MNEMONIC 

COMMENTS 

MNEMONIC 

COMMENTS 

BCLRn 

CO IS CLEARED (CS GOES LOW) 

STA 

START NEXT SPI CYCLE 

LDA 

LOAD Din FOR LTC1 283 INTO ACC 

T 


STA 

T 

LOAD D| N FROM ACC TO SPI DATA REG. START SCK 

NOP 

l 

6 NOPs FOR TIMING 

NOP 

8 NOPs FOR TIMING 

\ 

BSETn 

CO IS SET (CS GOES HIGH) 



LDA 

LOAD CONTENTS OF SPI STATUS REG. INTO ACC 

LDA 

LOAD CONTENTS OF SPI STATUS REG. INTO ACC 

LDA 

LOAD LTC1283 D 0U t FROM SPI DATA REG. 

LDA 

LOAD LTC1283 D 0U t FROM SPI DATA REG. 


INT ACC (BYTE 2) 


INTO ACC (BYTE 1) 

STA 

LOAD LTC1283 INTO RAM (LOCATION A +1) 

STA 

LOAD LTC1283 Dqut INTO RAM (LOCATION A) 
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Texas Instruments TMS70C42 

The TMS70C42 transfers serial data in 8-bit increments, 
LSB-first. To accommodate this, the LTC1283 is pro- 
grammed for 16-bit word length and LSB-first format. The 


10-bit output data is received by the processor as two 
8-bit bytes, LSB-first. The LTC1 283 fills the final 6 unused 
bits (after the MSB) with zeroes. 


Hardware and Software Interface to Tl TMS70C42 Processor 


ANALOG 

INPUTS 


LTC1283 TMS70C42 


— 

CS 


AO 

— 

SCLK 


SCLK 

• 

Din 


Txd 


Dqut 


Rxd 


LTC1283 • All 5 


D out from LTC1283 stored in TMS70C42 RAM 

BYTE 1 

BYTE 2 


LSB 


m 

1 6 1 5 1 4 1 

m 

LlLlLlI 

FILL WITH ZEROES 

MSB 

0 

1 o 1 0 1 o 1 

E 

| ° | 9 | 8 | 


LTC1283 • All 6 


LABEL 

MNEMONIC 

DESCRIPTION 

LABEL 

MNEMONIC 

DESCRIPTION 

START 

DINT 


DISABLES ALL INTERRUPTS 


MOVP 

% > 40, P24 

SCLK OFF (TIMER 3 DISABLED) 


MOVP 

% > 2A, PO 

DISABLE INTERRUPT FLAGS 


MOVP 

% > 1 7, P21 

ENABLE SERIAL PORT 


MOVP 

% > 02, PI 6 

DISABLE INTERRUPT FLAGS 


MOVP 

% > CO, P24 

SCLK ON (TRANSFER BEGINS) 


MOV 

% > 60, B 

ADDRESS OF STACK 


MOVP 

% > 16, P21 

TXEN GOES LOW 


LDSP 


PUT ADDRESS INTO POINTER 


MOV 

% > 02, A 

LOAD COUNTER 


MOVP 

% > DF, P5 

CONFIGURE PORTA 

WAIT1 

DJNZ 

A, WAIT1 

LOOP WHILE SHIFT OCCURS 


MOVP 

% > 08, P6 

ENABLE Tx BY SETTING B3 = 1 


NOP 


DELAY 


MOVP 

% > 40, P21 

RESET THE SERIAL PORT 


MOVP 

P25, B 

PUT Dqut IN B 


MOVP 

% > 0C, P20 

CONFIGURE THE SERIAL PORT 


MOVP 

A, P26 

LOAD TXBUF 


MOVP 

% > 00, P24 

TURN START BIT OFF 


MOVP 

% > 40, P24 

SCLK OFF (TIMER 3 DISABLE) 


MOVP 

% > 00, P21 

ENABLE THE SERIAL PORT 


MOVP 

% >17, P21 

ENABLE SERIAL PORT 


MOVP 

% > 00, P23 

SET SCLK RATE (TIMER 3) 


MOVP 

% > CO, P24 

SCLK ON (TRANSFER BEGINS) 


MOVP 

% > CO, P24 

START TIMER 


MOVP 

% > 16, P21 

TXEN GOES LOW 

LOOP 

MOV 

% > DF, A 

LOAD D| N WORD IN A 


MOV 

% > 02, A 

LOAD COUNTER 


CALL 

SXTNBIT 

ROUTINE THAT SHIFTS DATA 

WAIT2 

DJNZ 

A, WAIT2. 

LOOP WHILE SHIFT OCCURS 


MOV 

B, R5 

PUT FIRST 8 LSBs IN R5 


NOP 


DELAY 


MOV 

A, R6 

PUT MSBs IN R6 


MOVP 

P25, A 

PUT D 0U i m A 

SXTNBIT 

ANDP 

% > FE, P4 

AO CLEARED (CS GOES LOW) 


ORP 

% >01, P4 

AO SET (CS GOES HIGH) 


MOVP 

A, P26 

PUT Dim INTO TXBUF 


RETS 


RETURN TO MAIN PROGRAM 



Parallel Port Microprocessors 


Signetics 83CL410 


When interfacing the LTC1283 to an MPU which has a 
parallel port, the serial signals are created on the port with 
software. Three MPU port lines are programmed to create 
the CS, SCLK and signals for the LTC1283. A fourth 
port line reads the Dout line. An example is made of the 
Signetics 83CL410. 


To interface to the 83CL410, (a 3 V version of the 80C51) 
the LTC1 283 is programmed for MSB-first, format and 1 Li- 
bit word length. The 83CL41 0 generates CS, SCLK and 
on three port lines and reads Dout on the fourth. 

Dout from LTC1283 stored in 83CL410 RAM 


Hardware and Software Interface to Signetics 83CL410 Processor 


ANALOG 

INPUTS 


LTC1283 83CL410 


r— 

Dout 


P1.1 


Din 


PI .2 


CS 


r 1 .0 

PI .4 


ACLK 


ALE 


LTC1283 • AI17 


MSB* 


Bd 

0 

0 

0 

0 

0 

0 

B2 

LSB 

0 

0 

0 

0 

0 

0 

0 

0 


*B9 IS MSB IN UNIPOLAR OR 
SIGN BIT IN BIPOLAR LTC1283-AI18 
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83CL410 Code 


MNEMONIC 

DESCRIPTION 

MNEMONIC 

DESCRIPTION 

MOV PI, #02H 

INITIALIZE PORT 1 (BIT 1 IS MADE AN 

MOVC, P1.1 

READ DATA BIT INTO CARRY 


INPUT) 

CLR A 

CLEAR ACC 

CLR PI .3 

SCLK GOES LOW 

RLC A 

ROTATE DATA BIT INTO ACC 

SETB PI .4 

CS GOES LOW 

SETB PI .3 

SCLK GOES HIGH 

CONTINUE: MOVA,#ODH 

Din WORD FOR THE LTC1 283 IS PLACED 

CLR PI .3 

SCLK GOES LOW 


IN ACC 

MOVC, P1.1 

READ DATA BIT IN CARRY 

CLR PI .4 

CS GOES LOW 

RRC A 

ROTATE RIGHT INTO ACC 

MOV R4, #08 

LOAD COUNTER 

RRC A 

ROTATE RIGHT INTO ACC 

NOP 

DELAY FOR DEGLITCHER 

MOV R3, A 

STORE LSBs IN R3 

LOOP: MOVC, PI. 1 

READ DATA BIT INTO CARRY 

SETB PI .3 

SCLK GOES HIGH 

RLC A 

ROTATE DATA BIT INTO ACC 

CLR PI .3 

SCLK GOES LOW 

MOV PI .2, C 

OUTPUT Din BIT TO LTC1283 

SETB PI .4 

CS GOES HIGH 

SETB PI .3 

SCLK GOES HIGH 

MOV R5, #07 H 

LOAD COUNTER 

CLR PI .3 

SCLK GOES LOW 

DELAY: DJNZ R5, DELAY 

DELAY FOR LTC1283 TO PERFORM 

DJNZ R4, LOOP 

NEXT BIT 


CONVERSION 

MOV R2, A 

STORE MSBs IN R2 

AJMP CONTINUE 

REPEAT PROGRAM 


6. Sharing the Serial Interface 

The LTC1283 can share the same 3-wire serial interface 
with other peripheral components or other LTC1 283s (see 
Figure 5). In this case, the CS signals decide which 
LTC1283 is being addressed by the MPU. 

ANALOG CONSIDERATIONS 

1. Grounding 

The LTC1 283 should be used with an analog ground plane 
and single point grounding techniques. 

Pin 11 (AGND) should be tied directlyto this ground plane. 

Pin 10 (DGND) can also be tied directly to this ground 
plane because minimal digital noise is generated within 
the chip itself. 

Pin 20 (V cc ) should be bypassed to the ground plane with 
a 4.7pF tantalum with leads as short as possible. Pin 12 


(V - ) should be bypassed with a 0.1 pF ceramic disk. For 
single supply applications, V" can be tied to the ground 
plane. 

It is also recommended that pin 1 3 (REF - ) and pin 9 (COM) 
be tied directly to the ground plane. All analog inputs 
should be referenced directly to the single point ground. 
Digital inputs and outputs should be shielded from and/or 
routed away from the reference and analog circuitry. 

Figure 6 shows an example of an ideal ground plane design 
for a two-sided board. Of course this much ground plane 
will not always be possible, but users should strive to get 
as close to this ideal as possible. 

2. Bypassing 

For good performance, Vcc must be free of noise and 
ripple. Any changes in the Vcc voltage with respect to 
analog ground during a conversion cycle can induce errors 


OUTPUT PORT 
SERIAL DATA 

MPU 


CS 

LTC1283 


CS 

LTC1283 


6s 

LTC1283 

TTTTTTTT 

1 II 1 1 II 1 

I'li'i'iin 

8 CHANNELS 

8 CHANNELS 

8 CHANNELS 


3-WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS ORLTC1283S 


LTC1283 - F05 


Figure 5. Several LTC1283s Sharing One 3-Wire Serial Interface 
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ANALOG 

GROUND 

PLANE 


Vcc 



t,rc« 83 *f 0 « 


Figure 6. Example Ground Plane for the LTC1283 

or noise in the output code. Vcc n °i se and ripple can be 
kept below 1 mV by bypassing the Vcc pin directly to the 
analog ground plane with a 4.7pF tantalum with leads as 
short as possible. Figures 7 and 8 show the effects of good 
and poor Vcc bypassing. 

3. Analog Inputs 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1283 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. 

Flowever, if large source resistances are used or if slow 
settling op amps drive the inputs, care must be taken to 
insure that the transients caused by the current spikes 
settle completely before the conversion begins. 

Source Resistance 

The analog inputs of the LTC1 283 look like 65pF capacitor 
(C| N ) in series with a 500fl resistor (Ron) as shown in 
Figure 9. Cin gets switched between the selected “+” and 
inputs once during each conversion cycle. Large 
external source resistors and capacitances will slow the 
settling of the inputs. It is important that the overall RC 
time constants be short enough to allow the analog inputs 
to completely settle within the allowed time. 



HORIZONTAL: IOjos/DIV 


Figure 7. Poor Vcc Bypassing. Noise and Ripple 
can Cause A/D Errors 



HORIZONTAL: 10|iS/DIV 


Figure 8. Good Vcc Bypassing Keeps Noise and Ripple 
on Vcc Below 1 mV 


Rsource + “ t 

Vin + — WV f □— 

V r so u rce~ ^ INPUT 


”1 4TH SCLK 
0 f Ron = 500Q 


NPUT^ I 


V ’ ' ' -L C|N* 

LAST SCLK “T~ 65 P p 


Figure 9. Analog Input Equivalent Circuit 
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cs 


SCLK 


ACLK 


“+” INPUT 

SAMPLE MUST SETTLE HOLD 



I-*- 1ST BIT TEST 
INPUT MUST SETTLE 
DURING THIS TIME 


“+" INPUT 


INPUT 


r 


k 


Figure 10. “+” and Input Settling Windows 


LTC1283* F10 


“+” Input Settling 

This input capacitor is switched onto the “+” input during 
the sample phase (tsMPL. see Figure 10). The sample 
phase starts atthe 4th SCLK cycle and lasts until the falling 
edge of the last SCLK (the 8th, 10th, 12th or 16th SCLK 
cycle depending on the selected word length). The voltage 
on the “+” input must settle completely within this sample 
time. Minimizing Rsource* and Cl will improve the input 
settling time. If large “+” input source resistance must be 
used, the sample time can be increased by using a slower 
SCLK frequency or selecting a longer word length. With 
the minimum possible sample time of 8|as, Rsource + < 2k 
and Cl < 20pF will provide adequate settling. 

Input Settling 

Atthe end of the sample phase the input capacitor switches 
to the input and the conversion starts (see Figure 10). 
During the conversion, the “+” input voltage is effectively 
“held” by the sample-and-hold and will not affect the 
conversion result. Flowever, it is critical that the input 
voltage be free of noise and settle completely during the 
first four ACLK cycles of the conversion time. Minimizing 
Rsource” and C2 will improve settling time. If large 
input source resistance must be used, the time allowed for 
settling can be extended by using a slower ACLK fre- 
quency. At the maximum ACLK rate of 1MHz, Rsource” 
< Ik and C2 < 20pF will provide adequate settling. 


Input Op Amps 

When driving the analog inputs with an op amp it is 
important that the op amp settle within the allowed time 
(see Figure 10). Again, the “+” and input sampling 
times can be extended as described above to accommo- 
date slower op amps. Most op amps including the LT1006 
and LT1 01 3 single supply op amps can be made to settle 
well even with the minimum settling windows of 8ps (“+” 
input) and 4ps (“-” input) which occur at the maximum 
clock rates (ACLK = 1 MHz and SCLK = 0.5MHz). Figures 1 1 
and 12 show examples of adequate and poor op amp 
settling. 



HORIZONTAL: Ipis/DIV 


Figure 11. Adequate Settling of Op Amp Driving Analog Input 
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HORIZONTAL: 1(is/DIV 

Figure 12. Poor Op Amp Settling Can Cause A/D Errors 
RC Input Filtering 


leakage specification of 1 pA (at 1 25°C) flowing through a 
source resistance of 1 k will cause a voltage drop of 1 mV 
or 0.4LSB. This error will be much reduced at lower 
temperatures because leakage drops rapidly (see typical 
curve of Input Channel Leakage Current vs Temperature). 

Noise Coupling into Inputs 

High source resistance input signals (>500£2) are more 
sensitive to coupling from external sources. It is prefer- 
able to use channels near the center of the package (i.e., 
CH2-CH7) for signals which have the highest output 
resistance because they are essentially shielded by the 
pins of the package ends (DGND and CHO). Grounding any 
unused inputs (especially the end pin, CHO) will also 
reduce outside coupling into high source resistances. 


It is possible to filter the inputs with an RC network as 
shown in Figure 13. For large values of Cp (e.g., 1 piF), the 
capacitive input switching currents are averaged into a net 
DC current. Therefore, afilter should be chosen with small 
resistor and large capacitor to prevent DC drops across 
the resistor. The magnitude of the DC current is approxi- 
mately Idc = 65pF x Vifj/tcYC and is roughly proportional 
to V in. When running at the minimum cycle time of 68ps, 
the input current equals 2.5pA at Vim = 2.5V. In this case, 
a filter resistor of 1 0OO will cause 0.1 LSB of full-scale 
error. If a larger filter resistor must be used, errors can be 
eliminated by increasing the cycle time as shown in the 
typical curve Maximum Filter Resistor vs Cycle Time. 


Rfilter 

V| N — AAAr- 


Idc 


— CfilTER 

LTC1283 

T r 



LTC1 283 • F13 


Figure 13. RC Input Filtering 


Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum input 


4. Sample-and-Hold 
Single-Ended Inputs 

The LTC1283 provides a built-in sample-and-hold (S&H) 
function for all signals acquired in the single-ended mode 
(COM pin grounded). This sample-and-hold allows the 
LTC1283 to convert rapidly varying signals (see typical 
curve of S&H Acquisition Time vs Source Resistance). The 
input voltage is sampled during the tsMPL time as shown 
in Figure 1 0. The sampling interval begins after the fourth 
MUX address bit is shifted in and continues during the 
remainder of the data transfer. On the falling edge of the 
final SCLK, the S&H goes into hold mode and the conver- 
sion begins. The voltage will be held on either the 8th, 
1 0th, 1 2th or 1 6th falling edge of the SCLK depending on 
the word length selected. 

Differential Inputs 

With differential inputs, or when the COM pin is not tied to 
ground, the A/D no longer converts just a single voltage 
but rather the difference between two voltages. In these 
cases, the voltage on the selected “+” input is still sampled 
and held and therefore may be rapidly time varying just as 
in single-ended mode. However, the voltage on the se- 
lected input must remain constant and be free of noise 
and ripple throughout the conversion time. Otherwise, the 
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differencing operation may not be performed accurately. 
The conversion time is 44 ACLK cycles. Therefore, a 
change in the input voltage during this interval can 
cause conversion errors. For a sinusoidal voltage on the 
input this error would be: 

VeRROR (MAX) = Vpeak x 2 x n x x 44/f AC LK 
Where f(“-”) is the frequency of the input voltage, 
Vpeak is its peak amplitude and fACLK is the frequency of 
the ACLK. In most cases Verror will not be significant. For 
a 60Hz signal on the input to generate a 1/4LSB error 
(0.61 mV) with the converter running at ACLK = 1 MHz, its 
peak value would have to be 38mV. 

5. Reference inputs 

The voltage between the reference inputs of the LTC1 283 
defines the voltage span of the A/D converter. The refer- 
ence inputs look primarily like a 1 0k resistor but will have 
transient capacitive switching currents due to the switched- 
capacitor conversion technique (see Figure 14). During 
each bit test of the conversion (every 4 ACLK cycles), a 
capacitive current spike will be generated on the reference 
pins by the A/D. These current spikes settle quickly and do 
not cause a problem. However, if slow settling circuitry is 
used to drive the reference inputs, care must be taken to 
insure thattransients caused bythesecurrentspikes settle 
completely during each bit test of the conversion. 



LTC1283 • F14 


Figure 14. Reference Input Equivalent Circuit 

When driving the reference inputs, three things should be 

kept in mind: 

1. The source resistance (Rout) driving the reference 
inputs should be low (less than 10) to prevent DC drops 
caused bythe300pA maximum reference current (Iref). 

2. Transients on the reference inputs caused by the capaci- 
tive switching currents must settle completely during 
each bit test (each 4 ACLK cycles). Figures 15 and 16 


show examples of both adequate and poor settling. 
Using a slower ACLK will allow more time for the 
reference to settle. However, even at the maximum 
ACLK rate of 1 MHz most references and op amps can be 
made to settle within the 4ps bit time. 

3. It is recommended that the REF" input be tied directly 
to the analog ground plane. If REF" is biased at a voltage 
other than ground, the voltage must not change during 
a conversion cycle. This voltage must also be free of 
noise and ripple with respect to analog ground. 



HORIZONTAL: lys/DIV 


Figure 15. Adequate Reference Settling 



HORIZONTAL: lys/DIV 


Figure 16. Poor Reference Settling Can Cause A/D Errors 

6. Reduced Reference Operation 

The effective resolution to the LTC1283 can be increased 
by reducing the input span of the converter. The LTC1283 
exhibits good linearity and gain over a wide range of 
reference voltages (see typical curves of Linearity and Gain 
Error vs Reference Voltage). However, care must be taken 
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when operating at low values of Vref because of the 
reduced LSB step size and the resulting higher accuracy 
requirement placed on the converter. The following factors 
must be considered when operating at low Vref values. 

1. Conversion speed (ACLK frequency) 

2. Offset 

3. Noise 

Conversion Speed with Reduced Vref 

With reduced reference voltages, the LSB step size is 
reduced and the LTC1283 internal comparator overdrive 
is reduced. With less overdrive, more time is required to 
perform a conversion. Therefore, the maximum ACLK 
frequency should be reduced when low values of Vref are 
used. This is shown in the typical curve of Maximum 
Conversion Clock Rate vs Reference Voltage. 

Offset with Reduced Vref 

The offset of the LTC1 283 has a larger effect on the output 
code when the A/D is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vos- For example, 
a Vos of 0.5mV which is 0.2LSB with a 2.5 V reference 
becomes 0.5LSB with a IV reference and 2.5LSBs with a 
0.2V reference. If this offset is unacceptable, it can be 
corrected digitally by the receiving system or by offsetting 
the input to the LTC1283. 

Noise with Reduced Vref 

The total input referred noise of the LTC1283 can be 
reduced to approximately 200p,V peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 2.5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200p.V of noise. 

For operation with a 2.5V reference, the 200|aV noise is only 
0.08LSB peak-to-peak. In this case, the LTC1283 noise will 


contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable jitter 
in the output code. For example, with a IV reference, this 
same 200piV noise is 0.2LSB peak-to-peak. This will re- 
duce the range of input voltages over which a stable output 
code can be achieved by 0.2LSB. If the reference is further 
reduced to 200mV, the 200nV noise becomes equal to one 
LSB and a stable code may be difficult to achieve. In this 
case averaging readings may be necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, Vref, % or V - ) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 

A “Quick Look” Circuit for the LTC1283 

Users can get a quick look at the function and timing of the 
LTC1 283 by using the following simple circuit. REF + and 
D| N are tied to Vcc selecting a 3 V input span, CH7 as a 
single-ended input, unipolar mode, MSB-first format and 
1 6-bit word length. ACLK andSCLK are tied together and 
driven by an external clock. CS is driven at 1/64 the clock 
rate by the CD4520 and Dout outputs the data. All other 
pins are tied to a ground plane. The output data from the 
Dout Pin can be viewed on an oscilloscope which is set up 
to trigger on the falling edge of CS. 


Scope Trace of LTC1283 “Quick Look” Circuit 
Showing A/D Output of 0101010101 (155rex) 



DEGLITCHER MSB LSB FILLS 

TIME (B9) (B0) ZEROES 

VERTICAL: 1V/DIV, HORIZONTAL: 5us/DIV 
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A “Quick Look” Circuit for the LTC1283 


3V 



TO 

OSCILLOSCOPE 


SNEAK-A-BIT™ 

The LTC1 283’s unique ability to software select the polar- Two 10-bit unipolar conversions are performed: the first 
ity of the differential inputs and the output word length is over a OV to 3 V span and the second over a OV to -3V span 

used to achieve one more bit of resolution. Using the (by reversing the polarity of the inputs). The sign of the 

circuit below with two conversions and some software, a input is determined by which of the two spans contain it. 

2’s complement 1 0-bit + sign word is returned to memory Then the resulting number (ranging from -1023 to 1 023 

inside the MPU. The MC68HC05C4 was chosen as an decimal) is converted to 2’s complement notation and 
example; however, any processor could be used. stored in RAM. 


SNEAK-A-BIT Circuit SNEAK-A-BIT Code 



SI\IEAK-A-BIT is a trademark of Linear Technology Corp. 


D out from LTC1283 in MC68HC05C4 



LTC1283 • TA07 


Din Words for LTC1283 

D||\I1 

D IN 2 
Din 3 


MSBF 


MUXADDR. UNI 

| WORD 

(ODD/SIGN) | LENGTH 
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Sneak-A-Bit Code for the LTC1283 Using the MC68HC05C4 


MNEMONIC 

DESCRIPTION 

MNEMONIC 

DESCRIPTION 

LDA 

#$50 

CONFIGURATION DATA FOR SPCR 

LOOP 2: 

TST 

$0B 

TEST STATUS OFSPIF 

STA 

$0A 

LOAD CONFIGURATION DATA INTO $0A 


BPL 

LOOP 2 

LOOP TO PREVIOUS INSTRUCTION IF NOT 

LDA 

#$FF 

CONFIGURATION DATA FOR PORT C DDR 




DONE 

STA 

$06 

LOAD CONFIGURATION DATA INTO PORT 


BSET 0, $02 

CS GOES HIGH 



C DDR 


LDA 

$oc 

LOAD CONTENTS OF SPI DATA REG. INTO 

BSET 

0, $02 

MAKE SURE CS IS HIGH 




ACC 

JSR 

READ -/+ 

DUMMY READ CONFIGURES LTC1 283 FOR 


STA 

$61 

STORE LSBs IN $61 



NEXT READ 


RTS 


RETURN 

JSR 

READ +/- 

READ CH6 WITH RESPECT TO CH7 

CHK SIGN: 

LDA 

$73 

LOAD MSBs OF +/- READ INTO ACC 

JSR 

READ -/+ 

READ CH7 WITH RESPECT TO CH6 


ORA 

$74 

OR ACC (MSBs) WITH LSBs OF +/- read 

JSR 

CHK SIGN 

DETERMINES WHICH READING HAS VALID 


BEQ 

MINUS 

IF RESULT ISO GOTO MINUS 



DATA, CONVERTS TO 2’s COMPLEMENT 


CLC 


CLEAR CARRY 



AND STORES IN RAM 


ROR 

$73 

ROTATE RIGHT $73 THROUGH CARRY 

READ -/+: LDA 

#$3F 

LOAD D| N WORD FOR LTC1283 INTO ACC 


ROR 

$74 

ROTATE RIGHT $74 THROUGH CARRY 

JSR 

TRANSFER 

READ LTC1283 ROUTINE 


LDA 

$73 

LOAD MSBs OF +/- READ INTO ACC 

LDA 

$60 

LOAD MSBs FROM LTC1283 INTO ACC 


STA 

$77 

STORE MSBs IN RAM LOCATION $77 

STA 

$71 

STORE MSBs IN $71 


LDA 

$74 

LOAD LSBs OF +/- READ INTO ACC 

LDA 

$61 

LOAD LSBs FROM LTC1283 INTO ACC 


STA 

$87 

STORE LSBs IN RAM LOCATION $87 

STA 

$72 

STORE LSBs IN $72 


BRA 

END 

GOTO END OF ROUTINE 

RTS 


RETURN 

MINUS: 

CLC 


CLEAR CARRY 

Read +/-: LDA 

#$7F 

LOAD D| N WORD FOR LTC1283 INTO ACC 


ROR 

$71 

SHIFT MSBs OF-/+ READ RIGHT 

JSR 

TRANSFER 

READ LTC1283 ROUTINE 


ROR 

$72 

SHIFT LSBs -/+ READ RIGHT 

LDA 

$60 

LOAD MSBs FROM LTC1283 INTO ACC 


COM 

$71 

I’s COMPLEMENT OF MSBs 

STA 

$73 

STORE MSBs IN $73 


COM 

$72 

1’s COMPLEMENT OF LSBs 

LDA 

$61 

LOAD LSBs FROM LTC1283 INTO ACC 


LDA 

$72 

LOAD LSBs INTO ACC 

STA 

$74 

STORE LSBs IN $74 


ADD 

#$01 

ADD 1 TO LSBs 

RTS 


RETURN 


STA 

$72 

STORE ACC IN $72 

TRANSFER: BCLR 0, $02 

CS GOES LOW 


CLRA 


CLEAR ACC 

STA 

$0C 

LOAD Din INTO SPI. START TRANSFER 


ADC 

$71 

ADD WITH CARRY TO MSBs. RESULT IN 

LOOP 1: TST 

$0B 

TEST STATUS OFSPIF 




ACC 

BPL 

LOOP 1 

LOOP TO PREVIOUS INSTRUCTION IF NOT 


STA 

$71 

STORE ACC IN $71 



DONE 


STA 

$77 

STORE MSBs IN RAM LOCATION $77 

LDA 

$oc 

LOAD CONTENTS OF SPI DATA REG. INTO 


LDA 

$72 

LOAD LSBs IN ACC 



ACC 


STA 

$87 

STORE LSBs IN RAM LOCATION $87 

STA 

$oc 

START NEXT CYCLE 

END: 

RTS 


RETURN 

STA 

$60 

STORE MSBs IN $60 
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F€ATUR€S 

■ 12-Bit Resolution 

■ 8-Pin SOIC Plastic Package 

■ Low Cost 

■ Low Supply Current: 250pA Typ. 

■ Auto Shutdown to 1 nA Typ. 

■ Guaranteed ±3/4LSB Max DI\IL 

■ Single Supply 5V to 9 V Operation 

■ On-Chip Sample-and-Hold 

■ 60ps Conversion Time 

■ Sampling Rates: 

12.5 ksps (LTC1286) 

11.1 ksps (LTC1298) 

■ I/O Compatible with SPI, Microwire, etc. 

■ Differential Inputs (LTC1286) 

■ 2-Channel MUX (LTC1 298) 

■ 3V Versions Available: LTC1 285/LTC1 288 

nppucnnons 

■ Battery-Operated Systems 

■ Remote Data Acquisition 

■ Battery Monitoring 

■ Handheld Terminal Interface 

■ Temperature Measurement 

■ Isolated Data Acquisition 


Micropower Sampling 
12-Bit A/D Converters In 
SO-8 Packages 

DCSCRIPTIOR 

The LTC1286/LTC1298 are micropower, 12-bit, succes- 
sive approximation sampling A/D converters. They typi- 
cally draw only 250pA of supply current when converting 
and automatically power down to a typical supply current 
of 1 nA whenever they are not performing conversions. 
They are packaged in 8-pin SO packages and operate on 
5 V to 9V supplies. These 12-bit, switched-capacitor, suc- 
cessive approximation ADCs include sample-and-holds. 
The LTC1286 has a single differential analog input. The 
LTC1298 offers a software selectable 2-channel MUX. 

On-chip serial ports allow efficient data transfer to a wide 
range of microprocessors and microcontrollers overthree 
wires. This, coupled with micropower consumption, makes 
remote location possible and facilitates transmitting data 
through isolation barriers. 

These circuits can be used in ratiometric applications or 
with an external reference. The high impedance analog 
inputs and the ability to operate with reduced spans (to 
1.5V full scale) allow direct connection to sensors and 
transducers in many applications, eliminating the need for 
gain stages. 


TVPICAl APPUCATIORS 

25uW, SO-8 Package, 12-Bit ADC 
Samples at 200Hz and Runs Off a 5V Supply 


ANALOG INPUT H 
3 


4.7|xF 5 V 


Vref 

Vcc 

+IN 

LTC1286 CLK 

-IN 

Dour 

GND 

CS/SHDN 


SERIAL DATA LINK 


MPU 

(e.g., 8051) 
PI. 4 
PI .3 
PI .2 



0.1k Ik 10k 100k 

SAMPLE FREQUENCY (Hz) 

LTC1 286/98 »TA02 
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LT C 1 286/ LTC 1 298 


absolute mnximum ratings (Notes 1 and 2) 


Supply Voltage (Vcc) to GND 12V 

Voltage 

Analog and Reference -0.3V to Vcc + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Output -0.3 V to Vcc + 0.3V 


Power Dissipation 500mW 

Operating Temperature Range 

LTC1 286C/LTC1 298C 0°C to 70°C 

LTC1 286I/LTC1 2981 -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/ORD€R lAFORmATlOA 



XI v cc 

X CLK 

XI Dout 

X CS/SHDN 


N8 PACKAGE 
8-LEAD PLASTIC DIP 

Tjmax = 150°C, Oja = 130°C/W 


ORDER PART 
NUMBER 


LTC1286CN8 

LTC1286IN8 


V REF Cl 

+IN IX 
-IN [X 
GND |T 


X Vcc 

T\ CLK 

X °OUT 

T] CS/SHDN 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

Tjmax = 150°C, 0ja = 175°C/W 


ORDER PART 
NUMBER 


LTC1286CS8 

LTC1286IS8 


PART MARKING 


1286C 

12861 


CS/SHDN |T 
CHO X 
CHI X 
GND [T 



X V CC (Vref) 
X CLK 
X °OUT 

X °IN 


ORDER PART 
NUMBER 


LTC1298CN8 

LTC1298IN8 


CS/SHDN |T 
CHO X 
CHI X 
GND X 



X Vcc (Vref) 
X CLK 
X °OUT 

X D IN 


N8 PACKAGE 
8-LEAD PLASTIC DIP 

Tjmax = 1 50°C, 0ja = 1 30°C/W 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

Tjmax = 150°C, 0ja = 175°C/W 


ORDER PART 
NUMBER 


LTC1298CS8 

LTC1298IS8 


PART MARKING 


1298C 

12981 


Consult factory for military grade parts. 



R€COmm€AD€D OP6RRTIAG COADITIOAS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vcc 

Supply Voltage (Note 3) 

LTC1286 

4.5 9.0 

V 



LTC1298 

4.5 5.5 

V 

f CLK 

Clock Frequency 

< 

o 

o 

II 

ss 

(Note 4) 200 

kHz 

tCYC 

Total Cycle Time 

LTC1286, f CL K = 200kHz 

80 

ITS 



LTC1298, f CL K = 200kHz 

90 

MS 

thDI 

Hold Time, Din After CLKt 

V CC = 5V 

150 

ns 

tsuCS 

Setup Time CST Before First CLKT (See Operating Sequence) 

LTC1286, V CC = 5V 

2 

MS 



LTC1298, V CC = 5 V 

2 

MS 

tsuDI 

Setup Time, D| N Stable Before CLKT 

V CC = 5V 

400 

ns 

tWHCLK 

CLK High Time 

V CC = 5V 

2 

MS 

%LCLK 

CLK Low Time 

V CC = 5V 

2 

MS 

tWHCS 

CS High Time Between Data Transfer Cycles 

V CC = 5V 

2 

MS 

tWLCS 

CS Low Time During Data Transfer 

LTC1286, f CL K = 200kHz 

75 

MS 



LTC1298, f CL K = 200kHz 

85 

MS 
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LTC1286/LTC1298 


COfiV€RT€R RRD mULTIPL€X€R CHRRRCT€RISTICS (Notes) 


PARAMETER 

CONDITIONS 

LTC1286 

MIN TYP MAX 

LTC1298 

MIN TYP MAX 

UNITS 

Resolution (No Missing Codes) 


• 

12 

12 

Bits 

Integral Linearity Error 

(Note 6) 

• 

±3/4 ±2 

±3/4 ±2 

LSB 

Differential Linearity Error 


• 

±1/4 ±3/4 

±1/4 ±3/4 

LSB 

Offset Error 


• 

3/4 ±3 

3/4 ±3 

LSB 

Gain Error 


• 

±2 ±8 

±2 ±8 

LSB 

Analog Input Range 

(Note 7 and 8) 

• 

-0.05V to V cc + 0.05V 

V 

REF Input Range (LTC1 286) 

4.5 <V CC < 5.5V 


1.5V to V C c + 0.05V 

V 

(Notes 7, 8, and 9) 

5.5V<V CC ^9V 


1.5V to 5.55V 

V 

Analog Input Leakage Current (Note 10) 


• 

±1 

±1 

mA 


DIGITAL ROD DC CieCTRICAL CHRRRCT6RISTICS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

V CC = 5.25V 

• 

2 

V 

V|L 

Low Level Input Voltage 

V CC = 4.75V 

• 

0.8 

V 

IlH 

High Level Input Current 

V|N = Vcc 

• 

2.5 

mA 

IlL 

Low Level Input Current 

Vin = ov 

• 

-2.5 

mA 

VoH 

High Level Output Voltage 

Vcc = 4.75V, »o = 10mA 

• 

4.0 4.64 

V 



V cc = 4.75V, lo = 360|iA 

• 

2.4 4.62 

V 

V 0 L 

Low Level Output Voltage 

V cc = 4.75V, lo = 1.6mA 

• 

0.4 

V 

>oz 

Hi-Z Output Leakage 

CS = High 

• 

±3 

mA 

•source 

Output Source Current 

V OU T = 0V 


-25 

mA 

•sink 

Output Sink Current 

VoUT = Vcc 


45 

mA 

Rref 

Reference Input Resistance 

CS = V cc 


5000 

MQ 


(LTC1286) 

CS = GND 


55 

kQ 

Iref 

Reference Current (LTC1286) 

CS = Vcc 


0.001 2.5 

pA 



tcYC - 640jos, fci_K - 25kHz 

• 

90 140 

mA 



tcYC = 80jas, fcLK = 200kHz 


90 140 

mA 

•cc 

Supply Current 

CS = V cc 


0.001 ±3.0 

mA 



LTC1 286, t C YC £ 640ns, f CL K * 25kHz 

• 

200 400 

ma 



LTC1 286, t C YC = 80ps, f CL K = 200kHz 

• 

250 500 

mA 



LTC1298, t CY c > 720ns, f C LK £ 25kHz 

• 

290 490 

ma 



LTC1298, t CY c = 90ms, fcLK = 200kHz 

• 

340 640 

ma 


Dvnnmic n ccurrcv f SM PL = 12.5kHz (LTC1286), f SM PL = 11.1kHz (LTC1298) (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

S/(N+D) 

Signal-to-Noise Plus Distortion Ratio 

1kHz/7kHz Input Signal 

71/68 

dB 

THD 

Total Harmonic Distortion (Up to 5th Harmonic) 

1kHz/7kHz Input Signal 

-84/-80 

dB 

SFDR 

Spurious-Free Dynamic Range 

1kHz/7kHz Input Signal 

90/86 

dB 


Peak Harmonic or Spurious Noise 

1kHz/7kHz Input Signal 

-90/-86 

dB 
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LTC1286/LTC1298 


AC CHARACTERISTICS (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

tSMPL 

Analog Input Sample Time 

See Operating Sequence 


1.5 

CLK Cycles 

fSMPL(MAX) 

Maximum Sampling Frequency 

LTC1286 

• 

12.5 

kHz 



LTC1298 

• 

11.1 

kHz 

tC0NV 

Conversion Time 

See Operating Sequence 


12 

CLK Cycles 

tdDO 

Delay Time, CLKT to Dout Data Valid 

See Test Circuits 

• 

250 600 

ns 

tdis 

Delay Time, CST to Dout Hi-Z 

See Test Circuits 

• 

135 300 

ns 

ten 

Delay Time, CLlU to Dout Enable 

See Test Circuits 

• 

75 200 

ns 

thDO 

Time Output Data Remains Valid After CLKl 

Cload = 100pF 


230 

ns 

tf 

D 0 ut Fall Time 

See Test Circuits 

• 

20 75 

ns 

tr 

D 0 ut Rise Time 

See Test Circuits 

• 

20 75 

ns 

C|N 

Input Capacitance 

Analog Inputs, On Channel 


20 

PF 



Analog Inputs, Off Channel 


5 

PF 



Digital Input 


5 

PF 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to GI\ID. 

Note 3: These devices are specified at 5 V. For 3 V specified devices, see 
LTC1285 and LTC1288. 

Note 4: Increased leakage currents at elevated temperatures cause the S/H 
to droop, therefore it is recommended that f CLK > 120kHz at 85°C, fci_K ^ 
75kHz at 70° and fcLK ^ 1 kHz at 25°C. 

Note 5: Vcc = 5 V, Vref = 5 V and CLK = 200kHz unless otherwise specified. 
Note 6: Linearity error is specified between the actual end points of the 
A/D transfer curve. 


Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below GND or one diode drop above Vcc. This spec allows 50mV forward 
bias of either diode for 4.5V < Vcc < 5.5V. This means that as long as the 
reference or analog input does not exceed the supply voltage by more than 
50mV the output code will be correct. To achieve an absolute 0 V to 5 V 
input voltage range will therefore require a minimum supply voltage of 
4.950V over initial tolerance, temperature variations and loading. For 5.5V 
< Vcc < 9 V, reference and analog input range cannot exceed 5.55V. If 
reference and analog input range are greater than 5.55V, the output code 
will not be guaranteed to be correct. 

Note 8: The supply voltage range for the LTC1 286 is from 4.5V to 9 V, but 
the supply voltage range for the LTC1298 is only from 4.5V to 5.5V. 

Note 9: Recommended operating conditions 

Note 10: Channel leakage current is measured after the channel selection. 



TYPICAL PERFORmAACE CHARACTERISTICS 



0.1k Ik 10k 100k 

SAMPLE RATE (kHz) 


Supply Current vs Temperature 


450 

400 

350 

300 

250 

200 

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


r i t 

T a = 25°C 

Vcc = Vref = 5V 






ic 

LK = 

zuuk 

-tz 









LT 

:i29 

Il_ 

1=1 

1.1 kF 

z 













LT( 

_ 

:i28( 

u 

_ 

»fSM 

1=1: 
1 

2.5kH 
1 

Iz 

L_ 


Shutdown Supply Current vs Clock 
Rate with CS High and CS Low 



FREQUENCY (kHz) 


LT1 286/98 G04 


LT1 286/98 G01 
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ADC NOISE IN LBSs CHANGE IN OFFSET (LSB) REFERENCE CURRENT (|xA) 


LTC1286/LTC1298 


tvpical P€RFORmnnc€ charactcristics 


Reference Current vs 
Sample Rate (LTC1286) 



FREQUENCY (kHz) 


Reference Current vs Temperature 


Vrn = Vdcc = 5V 





-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Change in Offset vs 
Reference Voltage 






1 1 r- 

T a = 25°C 

1 V CC = 5V 


\ 




fCLK = 2 
fSMPL = 

1 

00kHz 

12.5kHz 

I 


\ 

\ 









A 

\ 









x 

X 

v 









X 

' 






1 1.5 2 2.5 3 3.5 4 4.5 

REFERENCE VOLTAGE (V) 

LT1 286/91 


Change in Offset vs Temperature 








X, 






















V CC 

1 

= Vr EF = 5V 





■ULlS. ‘-VVMU- 

f SMPL = fSMPL (MAX) 
1 1 1 





-55 -35 -15 5 25 45 65 85 

TEMPERATURE (°C) 

LT 1286/98 G09 

Peak-to-Peak ADC Noise vs 
Reference Voltage 


, 

T a = 25°C 

V CC = 5V 
f CL K = 200kHz 



\ 







— 


i 



Change In Linearity vs 
Reference Voltage 






X 

A = 25°C 

, 




vcc = ^v 

fm k = 200kHz I 

\ 




fc 

MPL 

12.5kHz | 

T~ 








\ 









V 








\ 

v 








X 

V 









x 













1 1.5 2 2.5 3 3.5 4 4.5 5 

REFERENCE VOLTAGE (V) 


Differential Nonlinearity vs Code 


























i i n tin iikk 





> 






















1 2 3 4 5 

REFERENCE VOLTAGE (V) 

LT1 286/98 G15 


Change In Gain vs 
Reference Voltage 


T a = 25°C 
~ V CC = 5V 
. f C LK = 200kHz 
f S MPL= 12.5kHz 


1 1.5 2 2.5 3 3.5 4 4.5 

REFERENCE VOLTAGE (V) 


Effective Bits and S/(N + D) 
vs Input Frequency 


- T a = 25°C 
_V CC = 5V 
f CL K = 200kHz 
-f S MPL = 12.5kHz - 


10 100 
INPUT FREQUENCY (kHz) 
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CLOCK FREQUENCY (kHz) , ( , MAGNITUDE (dB) SPURIOUS FREE DYNAMIC RANGE (dB) 


LTC1286/LTC1298 


TVPicm p€RFonmnnc€ charactcristics 


Spurious Free Dynamic Range Attenuation vs 

vs Frequency S/(N+D) vs Input Level Input Frequency 



LT1 286/98 G25 


Power Supply Feedthrough 

4096 Point FFT Plot Intermodulation Distortion vs Ripple Frequency 



01234567 01234567 1 10 100 1000 10000 

FREQUENCY (kHz) FREQUENCY (kHz) RIPPLE FREQUENCY (kHz) 


Maximum Clock Frequency vs Sample and Hold Aquisition Maximum Clock Frequency vs 

Source Resistance Time vs Source Resistance Supply Voltage 



JJMM 
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LT C 1 286/ LTC 1 298 


TVPicni P€RFOftmnnc€ chrrrctcristics 


Minimum Clock Frequency 
for 0.1 LSB Error vs Temperature 



TEMPERATURE (°C) 

LT1 286/98 • 614 


O 

o 


CD 

Q 


Digital Input Logic Threshold 



3 4 5 6 7 8 9 

SUPPLY VOLTAGE (V) 

LTC 1286/98 G17 


Input Channel Leakage Current 



- 60-40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (°C) 


1196/98 G19 


pm Funcnons 

LTC1286 

Vref (Pin 1 ): Reference Input. The reference input defines 
the span of the A/D converter. 

IN + (Pin 2): Positive Analog Input. 

IN" (Pin 3): Negative Analog Input. 

GND (Pin 4): Analog Ground. GND should be tied directly 
to an analog ground plane. 

CS/SHDN (Pin 5): Chip Select Input. A logic low on this 
input enables the LTC1286. A logic high on this input 
disables and powers down the LTC1286. 

Dout (Pin 6): Digital Data Output. The A/D conversion 
result is shifted out of this output. 

CLK (Pin 7): Shift Clock. This clock synchronizes the serial 
data transfer and determines conversion speed. 

Vcc (Pin 8): Power Supply Voltage. This pin provides 
power to the A/D converter. It must be kept free of noise 
and ripple by bypassing directly to the analog ground 
plane. 


LTC1298 

CS/SHDN (Pin 1): Chip Select Input. A logic low on this 
input enables the LTC1298. A logic high on this input 
disables and powers down the LTC1298. 

CHO (Pin 2): Analog Input. 

CHI (Pin 3): Analog Input. 

GND (Pin 4): Analog Ground. GND should be tied directly 
to an analog ground plane. 

D|r (Pin 5): Digital Data Input. The multiplexer address is 
shifted into this input. 

Dout (Pin 6): Digital Data Output. The A/D conversion 
result is shifted out of this output. 

CLK (Pin 7): Shift Clock. This clock synchronizes the 
serial data transfer and determines conversion speed. 

Vqc/Vref (Pin 8): Power Supply and Reference Voltage. 
This pin provides power and defines the span of the A/D 
converter. It must be kept free of noise and ripple by 
bypassing directly to the analog ground plane. 
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LTC 1 286/ LTC 1298 



TCST CIRCUITS 
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LTC 1 286/ LTC 1298 


T€ST CIRCUITS 


Voltage Waveforms for tdj S 



NOTE 1 : WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 

NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL 

LTC1 286/98 • TC05 


Voltage Waveforms for t en 

LTC1286 

CS 


CLK 1 2 




Dqut 

■y r~ 

LTC1286/9B-TC06 


Voltage Waveforms for t en 

LTC1298 

c " s \ 


Din 


J START 


\ 



Rppucnnon iRFORmnnon 

OVERVIEW 

The LTC1286 and LTC1298 are micropower, 12-bit, suc- 
cessive approximation sampling A/D converters. The 
LTC1286 typically draws 250pA of supply current when 
sampling at 12.5kHz while the LTC1298 nominally con- 
sumes 350gA of supply current when sampling at 
11.1 kHz. The extra 100pA of supply current on the 
LTC1298 comes from the reference input which is inten- 
tionally tied to the supply. Supply current drops linearly as 
the sample rate is reduced (see Supply Current vs Sample 
Rate). The ADCs automatically power down when not 
performing conversions, drawing only leakage current. 
They are packaged in 8-pin SO and DIP packages. The 
LTC1286 operates on a single supply from 4.5V to 9 V, 


while the LTC1 298 operates from a 4.5V to 5.5V supply. 

Both the LTC 1286 and the LTC1298 contain a 12-bit, 
switched-capacitor ADC, a sample-and-hold, and a 
serial port (see Block Diagram). Although they share 
the same basic design, the LTC1286 and LTC1298 
differ in some respects. The LTC1286 has a differential 
input and has an external reference input pin. It can 
measure signals floating on a DC common-mode volt- 
age and can operate with reduced spans to IV. Reduc- 
ing the spans allows it to achieve 244|aV resolution. The 
LTC1298 has a two-channel input multiplexer and can 
convert either channel with respect to ground or the 
difference between the two. The reference input is tied 
to the supply pin. 
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LTC 1 286/ LTC 1298 


flppucnnon mFonmnnon 

SERIAL INTERFACE 

The 2-channel LTC1298 communicates with micropro- 
cessors and other external circuitry via a synchronous, 
half duplex, 4-wire serial interface. The single channel 
LTC1286 uses a 3-wire interface (see Operating Sequence 
in Figures 1 and 2). 

Data Transfer 

The CLK synchronizes the data transfer with each bit being 
transmitted on the falling CLK edge and captured on the 
rising CLK edge in both transmitting and receiving systems. 

The LTC1286 does not requirea configuration input word 
and has no Dim pin. A falling CS initiates data transfer as 
shown in the LTC1 286 operating sequence. After CS falls 
the second CLK pulse enables Dqut- After one null bit the 


A/D conversion result is output on the Dqut line. Bringing 
CS high resets the LTC1 286 for the next data exchange. 

The LTC1 298 first receives input data and then transmits 
back the A/D conversion result (half duplex). Because of 
the half duplex operation, D| N and Dqut may_be tied 
together allowing transmission over just 3 wires: CS, CLK 
and DATA (Dim/Dout)- 

Datatransfer isinitiated by afalling chip select (CS) signal. 
After CS falls the LTC1298 looks for a start bit. After the 
start bit is received, the 3-bit input word is shifted into the 
Dim input which configures the LTC1298 and starts the 
conversion. After one null bit, the result of the conversion 
isoutput on the Dout line. At the end of the data exchange 
CS should be brought high. This resets the LTC1298 in 
preparation for the next data exchange. 



•AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW, 
THE ADC WILL OUTPUT LSB-FIRST DATA THEN FOLLOWED WITH ZEROS INDEFINITELY. 



'AFTER COMPLETING THE DATA TRANSFER. IF FURTHER CLOCKS ARE APPLIED WITH CS LOW, 

THE ADC WILL OUTPUT ZEROS INDEFINITELY. 

t DA TA: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT 

BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK OUT LSB-FIRST DATA OR ZEROES. ltci 286/98- m 

Figure 1. LTC1286 Operating Sequence 
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1 NULL BIT SHIFT A/D CONVERSION 
RESULT OUT 

LTC1 096/98 * AI01 



MSB-First Data (MSBF = 1) 



* AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW, 

THE ADC WILL OUTPUT ZEROS INDEFINITELY. 

t DATA : DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT 

BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK OUT LSB-FIRST DATA OR ZEROES. 


Figure 2. LTC1298 Operating Sequence Example: Differential Inputs (CH + , CH~) 
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Input Data Word 

The LTC1286 requires no Din word. It is permanently 
configured to have a single differential input. The conver- 
sion result appears on the Dout line. The data format is 
MSB first followed by the LSB sequence. This provides 
easy interfacejo MSB or LSB first serial ports. For MSB 
first data the CS signal can be taken high after BO (see 
Figure 1). The LTC1298 clocks data into the Dim input on 
the rising edge of the clock. The input data words are 
defined as follows: 


START 

SGL/ 

DIFF 

ODD/ 

SIGN 

MSBF 



MUX MSB FIRST/ 

ADDRESS LSB FIRST 

LTC 1 096/9 - AI02 

Start Bit 

The first “logical one” clocked into the Dm input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1298 will ignore all leading zeros which 
precede this logical one. After the start bit is received, the 
remaining bits of the input word will be clocked in. Further 
inputs on the Din pin are then ignored until the next CS 
cycle. 

Multiplexer (MUX) Address 

The bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For 
a given channel selection, the converter will measure the 
voltage between the two channels indicated by the + and 
- signs in the selected row of the following tables. In 
single-ended mode, all input channels are measured with 
respect to GND. 

LTC1298 Channel Selection 


SINGLE-ENDED 
MUX MODE 

DIFFERENTIAL 
MUX MODE 


MSB First/LSB First (MSBF) 

The output data of the LTC1298 is programmed for 
MSB first or LSB first sequence using the MSBF bit. 
When the MSBF bit is a logical one, data will appear on 
the Dout line in MSB first format. Logical zeros will be 
filled in indefinitely following the last data bit. When the 


MUX ADDRESS 
SGL/DIFF ODD/SIGN 

CHANNEL# 

0 1 

GND 

1 0 

+ 

- 

1 1 

+ 

- 

0 0 

+ 


0 1 

+ 



LTC 1 096/8 *AI03 


MSBF bit is a logical zero, LSB first data will follow the 
normal MSB first data on the Dout line. (see Operating 
Sequence) 

Transfer Curve 

The LTC1 286/LTC1 298 are permanently configured for 
unipolar only. The input span and code assignment for 
this conversion type are shown in thefollowing figures. 

Transfer Curve 



Output Code 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(V REF = 5.000V) 

11111111111111 

Vref-ILSB 

4.99878V 

11111111111110 

Vr EF -2LSB 

4.99756V 

00000000000001 

1LSB 

0.00122V 

00000000000000 

OV 

OV 


Operation with Dm and Do^Tied Together 

The LTC1298 can be operated with Dm and Dout tied 
together. This eliminates one of the lines required to 
communicatetothemicroprocessor(MPU). Data is trans- 
mitted in both directions on a single wire. The processor 
pin connected to this data line should be configurable as 
eitheran input or an output. The LTC1298 will take control 
of the data line and drive it low on the 4th falling CLK edge 
after the start bit is received (see Figure 3). Therefore the 
processor port line must be switched to an input before 
this happens to avoid a conflict. 

In the Typical Applications section, there is an example of 
interfacing the LTC1 298 with Dm and Dout tied together to 
the Intel 8051 MPU. 
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cs I 


1 2 


CLK 


MSBF BIT LATCHED 
BY LTC1298 


4 



DATA (Din/Dqut) y/ START SGL/DIFF ^ ODD/SIGN MSBF 

I 


B11 

BIO | • 

v ^ 





V 

MPU CONTROLS DATA LINE AND SENDS 


V 

LTC1298 CONTROLS DATA LINE AND SENDS 

MUX ADDRESS TO LTC1 298 



A/D RESULT BACK TO MPU 

PROCESSOR MUST RELEASE — ► 


LTC1298 TAKES CONTROL OF DATA LINE 

DATA LINE AFTER 4TH RISING CLK 


ON 4TH FALLING CLK 



AND BEFORE THE 4TH FALLING CLK LTC1286/98 F03 

Figure 3. LTC1298 Operation with Din and Dqut Tied Together 


ACHIEVING MICROPOWER PERFORMANCE 

With typical operating currents of 250pA and automatic 
shutdown between conversions, the LTC1 286/LTC1 298 
achieves extremely low power consumption over a wide 
range of sample rates (see Figure 4). The auto-shutdown 
allows the supply curve to drop with reduced sample rate. 
Several things must be taken into account to achieve such 
a low power consumption. 



0.1k Ik 10k 100k 

SAMPLE RATE (kHz) 

LT 1286/98 G03 

Figure 4. Automatic Power Shutdown Between Conversions 
Allows Power Consumption to Drop with Sample Rate. 

Shutdown 

The LTC1 286/LTC1 298 are equipped with automatic shut- 
down features. They draw power when the CS pin is low 
and shut down completely when that pin is high. The bias 
circuit and comparator powers down and the reference 


input becomes high impedance at the end of each conver- 
sion leaving the CLK running to clock out the LSB first data 
or zeroes (see Figures 1 and 2). If the CS is not running rail- 
to-rail, the input logic buffer will draw current. This current 
may be large compared to the typical supply current. To 
obtain the lowest supply current, bring the CS pin to 
ground when it is low and to supply voltage when it is high. 

When the CS pin is high (= supply voltage), the converter 
is in shutdown mode and draws only leakage current. The 
status of the Dim and CLK input have no effect on supply 
current during this time. There is no need to stop D^ and 
CLK with CS = high; they can continue to run without 
drawing current. 

Minimize CS Low Time 

In systems that have significant time between conver- 
sions, lowest powerdrain will occur with the minimum CS 
low time. Bringing CS low, transferring data as quickly as 
possible, and then bringing it back high will result in the 
lowest current drain. This minimizes the amount of time 
the device draws power. After a conversion the ADC 
automatically shuts down even if CS is held low (see 
Figures 1 and 2). If the clock is left running to clock out 
LSB-data or zero, the logic will draw a small current. 
Figure 5 shows that the typical supply current with CS = 
ground varies from 1 pA at 1kHz to 35pA at 200kHz. When 
CS = Vcc, the logic is gated off and no supply current is 
drawn regardless of the clock frequency. 
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FREQUENCY (kHz) 

LT1286/98 G01 

Figure 5. Shutdown current with CS high is InAJypically, 
regardless of the clock. Shutdown current with CS = ground 
varies from IjuA at 1kHz to 35|iA at 200kHz. 

Dout Loading 

Dapacitive loading on the digital output can increase power 
consumption. A lOOpF capacitor on the Dout pin can add 
nore than 50pA to the supply current at a 200kHz clock 
requency. An extra 50gA or so of current goes into 
charging and discharging the load capacitor. The same 
joes for digital lines driven at a high frequency by any logic. 
The C x V x f currents must be evaluated and the trouble- 
some ones minimized. 


3PERATING ON OTHER THAN 5V SUPPLIES (LTC1286) 

The LTC1286 operates from 4.5V to 9V supplies and the 
.TCI 298 operates from a 5 V supply. To operate the LTC1 286 
cn other than 5 V supplies a few things must be kept in 
nind. 

nput Logic Levels 

The input logic levels of CS, CLK and D| N are made to meet 
ITL on a 5 V supply. When the supply voltage varies, the 
nput logic levels also change. For the LTC1 286 to sample 
ind convert correctly, the digital inputs have to be in the 
croper logical low and high levels relative to the operating 
supply voltage (see typical curve of Digital Input Logic 
Threshold vs Supply Voltage). If achieving micropower 
consumption is desirable, the digital inputs must go rail-to- 
ail between supply voltage and ground (see ACHIEVING 
VIICROPOWER PERFORMANCE section). 


Clock Frequency 

The maximum recommended clock frequency is 200kHz 
for the LTC1 286/LTC1 298 running off a 5 V supply. With 
the supply voltage changing, the maximum clock fre- 
quency for the devices also changes (see the typical curve 
of Maximum Clock Rate vs Supply Voltage). If the maxi- 
mum clock frequency is used, care must be taken to 
ensure that the device converts correctly. 

Mixed Supplies 

It is possible to have a microprocessor running off a 5V 
supply and communicate with the LTC1286 operating on 
a 9V supply^ The requirement to achieve this is that the 
outputs of CS and CLK from the MPU have to be able to trip 
the equivalent inputs of the LTC1286 and the output of 
Dout from the LTC1286 must be able to toggle the 
equivalent input of the MPU (see typical curve of Digital 
Input Logic Threshold vs Supply Voltage). With the 
LTC1 286 operating on a 9V supply, the output of Dout may 
go between OV and 9 V. The 9V output may damage the 
MPU running off a 5 V supply. The way to get around this 
possibility is to have a resistor divider on Dout (Figure 6) 
and connect the center point to the MPU jnput. It should 
be noted that to get full shutdown, the CS input of the 
LTC1 286 must be driven to the Vcc voltage to keep the CS 
input buffer from drawing current. An alternative is to 
leave CS low after a conversion, clock data until Dqut 
outputs zeros, and then stop the clock low. 


9 V 4.7|iF 



Figure 6. Interfacing a 9V Powered LTC1286 to a 5V System 
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BOARD LAYOUT CONSIDERATIONS 
Grounding and Bypassing 

The LTC1 286/LTC1 298 are easy to use if some care is 
taken. They should be used with an analog ground plane 
and single point grounding techniques. The GND pin 
should be tied directly to the ground plane. 

The V C c pin should be bypassed to the ground plane with 
a 1 0pF tantalum capacitor with leads as short as possible. 
If the power supply is clean, the LTC1 286/LTC1 298 can 
also operate with smaller 1 jjF or less surface mount or 
ceramic bypass capacitors. All analog inputs should be 
referenced directly to the single point ground. Digital 
inputs and outputs should be shielded from and/or routed 
away from the reference and analog circuitry. 


SAMPLE-AND-HOLD 

Both the LTC1286 and the LTC1298 provide a built-in 
sample-and-hold (S&H) function to acquire signals. The 
S&H of the LTC1 286 acquires input signals from “+” input 
relative to input during the tsMPL time (see Figure 1). 
However, the S&H of the LTC1298 can sample input 
signals in the single-ended mode or in the differential 
inputs during the tsMPL time (see Figure 7). 

Single-Ended Inputs 

The sample-and-hold of the LTC1298 allows conversion 
of rapidly varying signals. The input voltage is sampled 
during the tsMPL time as shown in Figure 7. The sampling 
interval begins as the bit preceding the MSBF bit is shifted 
in and continues until the falling CLK edge after the MSBF 
bit is received. On this falling edge, the S&H goes into hold 
mode and the conversion begins. 



"+" INPUT 


r 


INPUT 



LTC1 096/8 • F07 


Figure 7. LTC1298 “+” and Input Settling Windows 
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Differential Inputs 

With differential inputs, the ADC no longer converts just a 
single voltage but rather the difference between two volt- 
ages. In this case, the voltage on the selected “+” input is 
still sampled and held and therefore may be rapidly time 
varying just as in single-ended mode. However, the volt- 
age on the selected input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing operation may not be per- 
formed accurately. The conversion time is 1 2 CLK cycles. 
Therefore, a change in the input voltage during this 
interval can cause conversion errors. For a sinusoidal 
voltage on the input this error would be: 

VeRROR (MAX) = VpEAK X 2 X Jl X f(“-”) X 12/fcLK 

Where f(“-”) is the frequency of the input voltage, 
Vpeak is its peak amplitude and feu is the frequency of the 
CLK. In most cases V ER rqr will not be significant. For a 
60Hz signal on the input to generate a 1/4LSB error 
(305p.V) with the converter running at CLK = 200kHz, its 
peak value would have to be 13.48mV. 

ANALOG INPUTS 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1286/ 
LTC1298 have capacitive switching input current spikes. 
These current spikes settle quickly and do not cause a 
problem. However, if large source resistances are used or 
if slow settling op amps drive the inputs, care must be 
taken to insure that the transients caused by the current 
spikes settle completely before the conversion begins. 

“+” Input Settling 

The input capacitor of the LTC1286 is switched onto “+” 
input during the tsMPL time (see Figure 1 ) and samples the 
input signal within that time. However, the input capacitor 
of the LTC1298 is switched onto “+” input during the 
sample phase (tsMPL. see Figure 7). The sample phase is 
1 1/2 CLK cycles before conversion starts. The voltage on 
the “+” input must settle completely within tsMPLE for the 
LTC1286 and the LTC1298 respectively. Minimizing 
Rsource + and Cl will improve the input settling time. If a 
large “+” input source resistance must be used, the 


sample time can be increased by using a slower CLK 
frequency. 

Input Settling 

At the end of the tsMPL. the input capacitor switches to the 
input and conversion starts (see Figures 1 and 7). 
During the conversion, the “+” input voltage is effectively 
“held” by the sample-and-hold and will not affect the 
conversion result. However, it is critical that the input 
voltage settles completely during the first CLK cycle of the 
conversion time and be free of noise. Minimizing Rsource~ 
and C2 will improve settling time. If a large input 
source resistance must be used, the time allowed for 
settling can be extended by using a slower CLKfrequency. 

Input Op Amps 

When driving the analog inputs with an op amp it is 
important that the op amp settle within the allowed time 
(see Figure 7). Again, the“+” and input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps, including the LT 1 006 and 
LT1 41 3 single supply op amps, can be made to settle well 
even with the minimum settling windows of 6ps (“+” 
input) which occur at the maximum clock rate of 200kHz. 

Source Resistance 

The analog inputs of the LTC1 286/LTC1 298 look like a 
20pF capacitor (Cin) in series with a 5000 resistor (Ron) 
as shown in Figure 8. Cin gets switched between the 
selected “+” and inputs once during each conversion 
cycle. Large external source resistors and capacitances 



Figure 8. Analog Input Equivalent Circuit 
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will slow the settling of the inputs. It is important that the 
overall RC time constants be short enough to allow the 
analog inputs to completely settle within the allowed time. 

RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 9. For large values of Cp (e.g., IpF), the 
capacitive input switching currents are averaged into a net 
DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is 
approximately Ipc = 20pF x Vipj/tcYC and is roughly 
proportional to Vin. When running at the minimum cycle 
time of 64ps, the input current equals 1 .56pA at % = 5 V. 
In this case, a filter resistor of 75Q will cause 0.1 LSB of 
full-scale error. If a larger filter resistor must be used, 
errors can be eliminated by increasing the cycle time. 


Rfilter _!“ 

Vin — fSr 


Cfilter 

1 n 


LTC1286 


Figure 9. RC Input Filtering 


Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum 
input leakage specification of IpA (at 125°C) flowing 
through a source resistance of 240Q will cause a voltage 
drop of 240pVor0.2LSB.This error will be much reduced 
at lower temperatures because leakage drops rapidly (see 
typical curve of Input Channel Leakage Current vs Tem- 
perature). 

REFERENCE INPUTS 

The reference input of theJJCI 286 is effectively a 50kQ 
resistor from the time CS goes low to the end of the 
conversion. The reference input becomesa high impedence 
node at any other time (see Figure 1 0) . Since the voltage 
on the reference input defines the voltage span of the A/D 


converter, the reference input should be driven by a 
reference with low Rout (ex. LT 1 004, LT1 01 9 and LT1 021 ) 
or a voltage source with low Rout- 



Figure 10. Reference Input Equivalent Circuit 

Reduced Reference Operation 

The minimum reference voltage of the LTC1298 is limited 
to 4.5V because the Vcc supply and reference are inter- 
nally tied together. However, the LTC1286 can operate 
with reference voltages below IV. 

The effective resolution of the LTC1286 can be increased 
by reducing the input span of the converter. The LTC1 286 
exhibits good linearity and gain over a wide range of 
reference voltages (see typical curves of Change in Linear- 
ity vs Reference Voltage and Change in Gain vs Reference 
Voltage). However, care must be taken when operating at 
low values of Vref because of the reduced LSB step size 
and the resulting higher accuracy requirement placed on 
the converter. The following factors must be considered 
when operating at low Vref values: 

1. Offset 

2. Noise 

3. Conversion speed (CLK frequency) 

Offset with Reduced Vref 

The offset of the LTC1 286 has a larger effect on the output 
code. When the ADC is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Change in Offset vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of \Iqs- For example, 
a Vos of 122|iV which is 0.1 LSB with a 5 V reference 
becomes 0.5LSB with a IV reference and 2.5LSBs with a 
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0.2V reference. If this offset is unacceptable, it can be 
corrected digitally by the receiving system or by offsetting 
the input of the LTC1286. 

Noise with Reduced Vref 

The total input referred noise of the LTC1286 can be 
reduced to approximately 400p.V peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 5V reference but will become a larger 
fraction of an LSB as the size of the LSB is reduced. 

For operation with a 5 V reference, the 400nV noise is 
only 0.33LSB peak-to-peak. In this case, the LTC1286 
noise will contribute virtually no uncertainty to the 
output code. However, for reduced references the noise 
may become a significant fraction of an LSB and cause 
undesirable jitter in the output code. For example, with 
a 2.5 V reference this same 400|iV noise is 0.66LSB 
peak-to-peak. This will reduce the range of input volt- 
ages over which a stable output code can be achieved by 
1 LSB. If the reference is further reduced to 1 V, the 400|xV 
noise becomes equal to 1 .65LSBs and a stable code may 
be difficult to achieve. In this case averaging multiple 
readings may be necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, Vref or V| N ) will add 
to the internal noise. The lower the reference voltage to be 
used the more critical it becomes to have a clean, noise free 
setup. 

Conversion Speed with Reduced Vref 

With reduced reference voltages, the LSB step size is 
reduced and the LTC1286 internal comparator over- 
drive is reduced. Therefore, it may be necessary to 
reduce the maximum CLK frequency when low values 
of Vref are used. 

DYNAMIC PERFORMANCE 

The LTC1 286/LTC1 298 have exceptional sampling capa- 
bility. Fast Fourier Transform (FFT) test techniques are 
used to characterize the ADC’s frequency response, dis- 


tortion and noise atthe rated throughput. By applying a low 
distortion sine wave and analyzing the digital output using 
an FFT algorithm, the ADC’s spectral content can be 
examined forfrequencies outside the fundamental. Figure 
11 shows a typical LTC1286 plot. 



Figure 11. LTC1286 Non-Averaged, 4096 Point FFT Plot 
Signal-to-Noise Ratio 

The Signal-to-Noise plus Distortion Ratio (S/N + D) is the 
ratio between the RMS amplitude of the fundamental 
input frequency to the RMS amplitude of all other fre- 
quency components at the ADC’s output. The output is 
band limited to frequencies above DC and below one half 
the sampling frequency. Figure 1 2 shows a typical spec- 
tral content with a 12.5kHz sampling rate. 

Effective Number of Bits 

The Effective Number of Bits (ENOBs) is a measurement of 
the resolution of an ADC and is directly related to S/(N+D) 
by the equation: 

ENOB = [S/(N + D) - 1 ,76]/6.02 

where S/(N + D) is expressed in dB. At the maximum 
sampling rate of 12.5kHz with a 5V supply, the LTC1286 
maintains above 11 ENOBs at 10kHz input frequency. 
Above 10kHz the ENOBs gradually decline, as shown in 
Figure 1 2, due to increasing second harmonic distortion. 
The noise floor remains low. 
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Figure 12. Effective Bits and S/(N + D) vs Input Frequency 


If two pure sine waves of frequencies f a and fb are applied 
to the ADC input, nonlinearities in the ADC transfer func- 
tion can create distortion products at sum and difference 
frequencies of mf a ± nfb, where m and n = 0, 1 , 2, 3, etc. 
For example, the 2nd order IMD terms include (f a + fb) and 
(f a - fb) while 3rd order IMD terms include (2f a + fb), 
(2f a - fb), (f a + 2fb), and (f a - 2fb). If the two input sine 
waves are equal in magnitudes, the value (in dB) of the 2nd 
order IMD products can be expressed by the following 
formula: 


IMD(f a ±f b ) = 20log 


amplitude (f a ±f b ) 
amplitude at f a 


Total Harmonic Distortion 

Total Harmonic Distortion (THD) is the ratio of the RMS 
sum of all harmonics of the input signal to the fundamental 
itself. The out-of-band harmonics alias into the frequency 
band between DC and half of the sampling frequency. THD 
is defined as: 


THD = 20log 


v 2 2 +v 3 2 +v 4 2 +...+v n 2 


For input frequencies of 5kHz and 6kHz, the IMD of the 
LTC1 286/LTC1 298 is 73dB with a 5V supply. 

Peak Harmonic or Spurious Noise 

The peak harmonic or spurious noise is the largest spec- 
tral component excluding the input signal and DC. This 
value is expressed in dBs relative to the RMS value of a full- 
scale input signal. 

Full-Power and Full-Linear Bandwidth 


where V-| is the RMS amplitude of the fundamental fre- 
quency and V 2 through Vn are the amplitudes of the 
second through the N th harmonics. The typical THD speci- 
fication in the Dynamic Accuracy table includes the 2nd 
through 5th harmonics. With a 7kHz input signal, the 
LTC1 286/LTC1 298 have typical THD of 80dB with V cc = 5 V. 

Intermodulation Distortion 

If the ADC input signal consists of more than one spectral 
component, the ADC transfer function nonlinearity can 
produce intermodulation distortion (IMD) in addition 
to THD. IMD is the change in one sinusoidal input 
caused by the presence of another sinusoidal input at a 
different frequency. 


The full-power bandwidth is that input frequency at which 
the amplitude of the reconstructed fundamental is re- 
duced by 3dB for a full-scale input. 

The full-linear bandwidth is the input frequency at which 
the effective bits rating of the ADC falls to 1 1 bits. Beyond 
this frequency, distortion of the sampled input signal 
increases. The LTC1286/LTC1 298 have been designed to 
optimize input bandwidth, allowing the ADCs to 
undersample input signals with frequencies above the 
converters’ Nyquist Frequency. 
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MICROPROCESSOR INTERFACES 

The LTC1 286/LTC1 298 can interface directly without ex- 
ternal hardware to most popular microprocessor (MPU) 
synchronous serial formats (see Table 1). If an MPU 
without a dedicated serial port is used, then 3 or 4 of the 
MPU's parallel port lines can be programmed to form the 
serial link to the LTC1 286/LTC1 298. Included here is one 
serial interface example and one example showing a 
parallel port programmed to form the serial interface. 

Motorola SPI (MC68HC11) 

The MC68HC1 1 has been chosen as an example of an MPU 
with a dedicated serial port. This MPU transfers data MSB 
-first and in 8-bit increments. The Dim word sent to the data 
register starts with the SPI process. With three 8-bit 
transfers, the A/D result is read into the MPU. The second 
8-bit transfer clocks B1 1 through B8 of the A/D conversion 
result into the processor. The third 8-bit transfer clocks 
the remaining bits, B7 through BO, into the MPU. The data 
is right justified into two memory locations. ANDing the 
second byte with OFhex clears the four most significant 
bits. This operation was not included in the code. It can be 
inserted in the data gathering loop or outside the loop 
when the data is processed. 

MC68HC11 Code 

In this example the D^ word configures the input MUX for 
a single-ended inputto be applied to CHO. The conversion 
result is output MSB-first. 


Table 1. Microprocessor with Hardware Serial Interfaces 
Compatible with the LTC1286/LTC1298 


PART NUMBER 

TYPE OF INTERFACE 

Motorola 

MC6805S2,S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 

CDP68HC05 

SPI 

Hitachi 

HD6305 

SCI Synchronous 

HD63705 

SCI Synchronous 

HD6301 

SCI Synchronous 

HD63701 

SCI Synchronous 

HD6303 

SCI Synchronous 

HD64180 

CSI/O 

National Semiconductor 

COP400 Family 

MICROWIRE 1 

COP800 Family 

MICROWIRE/PLUS 1 

NS8050U 

MICROWIRE/PLUS 1 

HPC16000 Family 

MICROWIRE/PLUS 1 

Texas Instruments 

TMS7002 

Serial Port 

TMS7042 

Serial Port 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 

TMS3201 1 * 

Serial Port 

TMS32020 

Serial Port 

Intel 

8051 

| Bit Manipulation on Parallel Port 


* Requires external hardware 
f MICROWIRE and MICROWIRE/PLUS are trademarks of 
National Semiconductor Corp. 
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LTC1286/LTC1298 


typical ftppucfinons 


Timing Diagram for interface to the MC68HC11 

r 

clk njijnjnjijnjn^ 


°0UT 



MPU 

TRANSMIT 0 0 0 0 0 0 0 1 

WORD III 


BYTE 1 


MPU 

RECEIVED ???????? 
WORD II II II 

BYTE 1 


SGL/ 

DIFF 

ODD/ 

SIGN 

MSBF 

□ 

□ 

□ 

E 

S 

BYTE 2 

E 

□ 

□ 

□ 

B11 

BIO 

B9 

B8 


BYTE 2 


E 

E 

B 

E 

E 

E 

E 

B 

BYTE 3 (DUMMY) 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


BYTE 3 LTC1286/98 AI06 


Hardware and Software Interface to the MC68HC11 


Dqut FROM LTC1298 STORED IN MC68HC11 RAM 

MSB 


0 

□ 

□ 

0 

B11 

BIO 

B9 

B8 

LSB 

E 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


ANALOG 

INPUTS 



CHO CS 


DO 


CLK 


SCK 


LTC1298 


MC68HC11 


°OUT 


MISO 


CHI D iN 


MOSI 


LTC1286/98AI07 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


LDAA 

#$50 

CONFIGURATION DATA FOR SPCR 

WAIT1 

BPL 

WAIT1 

CHECK IF TRANSFER IS DONE 


ST A A 

$1028 

LOAD DATA INTO SPCR ($1028) 


LDAA 

$51 

LOAD DIN INTO ACC A FROM $51 


LDAA 

#$1B 

CONFIG. DATA FOR PORT D DDR 


STAA 

$102A 

LOAD DIN INTO SPI, START SCK 


STAA 

$1009 

LOAD DATA INTO PORT D DDR 

WAIT2 

LDAA 

$1029 

CHECK SPI STATUS REG 


LDAA 

#$01 

LOAD DIN WORD INTO ACC A 


BPL 

WAIT2 

CHECK IF TRANSFER IS DONE 


STAA 

$50 

LOAD DIN DATA INTO $50 


LDAA 

$102A 

LOAD LTC1 291 MSBs INTO ACC A 


LDAA 

#$A0 

LOAD DIN WORD INTO ACC A 


STAA 

$62 

STORE MSBs IN $62 


STAA 

$51 

LOAD DIN DATA INTO $51 


LDAA 

$52 

LOAD DUMMY INTO ACC A 


LDAA 

#$00 

LOAD DUMMY DIN WORD INTO 




FROM $52 




ACC A 


STAA 

$102A 

LOAD DUMMY DIN INTO SPI, 


STAA 

$52 

LOAD DUMMY DIN DATA INTO $52 

l 



START SCK 


LDX 

#$1000 

LOAD INDEX REGISTER X WITH 

WAIT3 

LDAA 

$1029 

CHECK SPI STATUS REG 




$1000 


BPL 

WAIT3 

CHECK IF TRANSFER IS DONE 

LOOP 

BCLR 

$08,X,#$01 

DO GOES LOW (CS GOES LOW) 


BSET 

$08,X#$01 

DO GOES HIGH (CS GOES HIGH) 


LDAA 

$50 

LOAD DIN INTO ACC A FROM $50 


LDAA 

$102A 

LOAD LTC1291 LSBs IN ACC 


STAA 

$1 02A 

LOAD DIN INTO SPI, START SCK 


STAA 

$63 

STORE LSBs IN $63 


LDAA 

$1029 

CHECK SPI STATUS REG 


JMP 

LOOP 

START NEXT CONVERSION 
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LTC 1 286/ LTC 1298 


TVPicni nppiicfiTions 


Interfacing to the Parallel Port of the INTEL 8051 
Family 

The Intel 8051 has been chosen to demonstrate the 
interface between the LTC1298 and parallel port micro- 
processors. Normally the CS, CLK and Dim signals would 
be generated on 3 port lines and the Dqut signal read on 
a 4th port line. This works very well. However, we will 
demonstrate here an interface with the Dim and Dout of the 
LTC1 298 tied together as described in the SERIAL INTER- 
FACE section. This saves one wire. 

The 8051 first sends the start bit and MUX address to the 
LTC1 298 over the data line connected to PI .2. Then PI .2 
is reconfigured as an input (by writing to it a one) and the 
8051 reads back the 1 2-bit A/D result over the same data 
line. 


ANALOG 

INPUTS 


CS 


PI .4 


LTC 1298 _ CLK 
Dout ; 


P1 2 8051 

T „ 


Pm" 

1 MUX ADDRESS 



A/D RESULT 

LTC1286/98 TA01 


D out FROM 1298 STORED IN 8501 RAM 


MSB 


Ibii 

BIO 

B9 

B8 

B7 

B6 

B5 

B4 1 

LSB 

B3 

B2 

B1 

BO 

0 

0 

0 

o 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


MOV 

A, #FFH 

D| N word fo_r_LTC1298 


SETB 

PI .4 

Make sure CS is high 


CLR 

PI .4 

CS goes low 


MOV 

R4, #04 

Load counter 

LOOP 1 

RLC 

A 

Rotate Dim bit into Carry 


CLR 

PI .3 

SCLK goes low 


MOV 

PI. 2, C 

Output D| N bit to LTC1298 


SETB 

PI .3 

SCLK goes high 


DJNZ 

R4, LOOP 1 

Next bit 


MOV 

PI ,#04 

Bit 2 becomes an input 


CLR 

PI .3 

SCLK goes low 


MOV 

R4, #09 

Load counter 

LOOP 2 

MOV 

C, PI .2 

Read data bit into Carry 


RLC 

A 

Rotate data bit into Acc. 


SETB 

PI .3 

SCLK goes high 


CLR 

PI .3 

SCLK goes low 


DJNZ 

R4, LOOP 2 

Next bit 


MOV 

R2, A 

Store MSBs in R2 


CLR 

A 

Clear Acc. 


MOV 

R4, #04 

Load counter 

LOOP 3 

MOV 

C, PI .2 

Read data bit into Carry 


RLC 

A 

Rotate data bit into Acc. 


SETB 

PI .3 

SCLK goes high 


CLR 

PI .3 

SCLK goes low 


DJNZ 

R4, LOOP 3 

Next bit 


MOV 

R4, #04 

Load counter 

LOOP 4 

RRC 

A 

Rotate right into Acc. 


DJNZ 

R4, LOOP 4 

Next Rotate 


MOV 

R3, A 

Store LSBs in R3 


SETB 

PI .4 

CS goes high 




MSBF BIT LATCHED 
INTO LJC1298 

1 





DATA 

Din/Dqut) 


/ START \ m A 


f ODD/ 
SIGN 


B11 


BIO 


8051 PI .2 OUTPUTS DATA 
TO LTC1298 


LTC1298 SENDS A/D RESULT 
BACK TO 8051 PI .2 


8051 PI. 2 RECONFIGURED i 

AS IN INPUT AFTER THE 4TH RISING CLK ►) 

AND BEFORE THE 4TH FALLING CLK 


LTC1298 TAKES CONTROL OF DATA 
LINE ON 4TH FALLING CLK 


LTC1 286/98 TA02 
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LTC1286/LTC1298 


TYPICAL APPUCATIOnS 


A “Quick Look” Circuit for the LTC1286 

Users can get a quick look at the function and timing of the 
LT1286 by using the following simple circuit (Figure 13). 
Vref is tied to Vcc- Vug is applied to the +IN input and the 
-IN input is tied to the ground. CS is driven at 1/16 the 
clock rate by the 74C1 61 and Dout outputs the data. The 
output data from the Dqut pin can be viewed on an 
oscilloscope that is set up to trigger on the falling edge of 
CS (Figure 14). Note the LSB data is partially clocked out 
before CS goes high. 


4.7jxF 



■ 

■ 

v ref 

v cc 

VlN 

E 

+IN 

CLK 

■ 

LTC1286 

■ 

■ 

-IN 

OOUT 

1 

1 

fl 

GND 

CS 


Si 





§S9i 


1J 


mm 


Hi WM 




I CLOCK IN 250kHz 


TO OSCILLOSCOPE 


LTC1 286/98 


Micropower Battery Voltage Monitor 

A common problem in battery systems is battery voltage 
monitoring. This circuit monitors the 1 0 cell stack of NiCad 
or NiMH batteriesfound in laptop computers. Itdrawsonly 
67pA from the 5 V supply at fsMPL = 0-1 kHz and 25pA to 
55pA from the battery. The 12-bits of resolution of the 
LTC1286 are positioned over the desired range of 8 V to 
16V. This is easily accomplished by using the ADC’s 
differential inputs. Tying the -input to the reference gives 
an ADC input span of Vref to 2Vref (2.5V to 5V). The 
resistor divider then scales the input voltage for 8V to 1 6 V. 


BATTERY MONITOR 


Figure 13. “Quick Look” Circuit for the LTC1286 




HORIZONTAL: lOps/DIV 

LTC1 286/98 F14 


Figure 15. Micropower Battery Voltage Monitor 


Figure 14. Scope Trace the LTC1286 “Quick Look” Circuit 
Showing A/D Output 101010101010 (AAA H ex) 
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LTC1291 


/_/ LintAB 

TECHNOLOGY 


FCATUftCS 

■ Built-In Sample-and-Hold 

■ Single Supply 5V Operation 

■ Power Shutdown 

■ Direct 3- or 4-Wire Interface to Most MPU Serial 
Ports and All MPU Parallel Ports 

■ Two-Channel Analog Multiplexer 

■ Analog Inputs Common Mode to Supply Rails 

■ 8-Pin DIP Package 

kcv spcciHcnnons 

■ Resolution: 12 Bits 

■ Fast Conversion Time: 12ps Max Over Temp. 

■ Low Supply Current: 

6.0mA (Typ) Active Mode 
lOpA (Max) Shutdown Mode 


Single Chip 12-Bit 
Data Acquisition System 

Dcscnipnon 

The LTC1 291 is a data acquisition system that contains a 
serial I/O successive approximation A/D converter. It uses 
LTCMOS™ switched capacitor technology to perform a 
1 2-bit unipolar A/D conversion. The input multiplexer can 
be configured for either single-ended or differential in- 
puts. An on-chip sample-and-hold is included on the “+" 
input. When the LTC1 291 is idle, it can be powered down 
in applications where low power consumption is desired. 
An external reference is not required because the LTC1 291 
takes its reference from the power supply (Vcc). All these 
features are packaged in an 8-pin DIP. 

The serial I/O is designed to communicate without external 
hardware to most MPU serial ports and all MPU parallel 
I/O ports allowing data to be transmitted overthree orfour 
wires. Given the accuracy, ease of use and small package 
size, this device is well suited for digitizing analog signals 
in remote applications where minimum number of inter- 
connects, small physical size, and low power consump- 
tion are important. 

LTCMOS™ is a trademark of Linear Technology Corporation 


TYPICAL flPPLICOTIOn 


2-Channel 12-Bit Data Acquisition System Channel-to-Channel 

INL Matching 

22pF 

TANTALUM 5V 



*FOR OVERVOLTAGE PROTECTION LIMIT THE INPUT CURRENT TO 15mA 
PER PIN OR CLAMP THE INPUTS TO V C c AND GND WITH 1N4148 DIODES. 
CONVERSION RESULTS ARE NOT VALID WHEN THE SELECTED CHANNEL OR 
THE OTHER CHANNEL IS OVERVOLTAGED (V )N < GND OR V )N > V CC ). SEE 
SECTION ON OVERVOLTAGE PROTECTION IN THE APPLICATIONS INFORMATION. 














































































0 512 1024 1536 2048 2560 3072 3584 4096 

CODE 


1291 TA02 


rrunm 

TECHNOLOGY 


6-163 






LTC1291 


absolute mnximum rrtiags 


(Notes 1 and 2) 

Supply Voltage (V C c) to GND 

12V 

Voltage 

Analog Inputs 

... -0.3V to V cc + 0.3V 

Digital Inputs 

-0.3V to 12V 

Digital Outputs 

... -0.3V to V cc + 0.3V 

Power Dissipation 

500mW 

Operating Temperature Range 
LTC1291BC, LTC1291CC, 
LTC1291 DC 

0°C to 70°C 

LTC1291BI, LTC1291CI, 
LTC1291DI 

-40°C to 85°C 

LTC1291BM, LTC1291 CM, 
LTC1291DM 

-55°C to 125°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER lAFORfRATlOA 





ORDER PART 
NUMBER 


TOP VIEW 


LTC1291BMJ8 

cs [T 

CHO \T 
CHI [T 
gnd[T 


3 Vcc(Vref) 

T\ CLK 

3 °OUT 

3 Din 

LTC1291CMJ8 

LTC1291DMJ8 

LTC1291BIJ8 

LTC1291CIJ8 

LTC1291DIJ8 

J8 PACKAGE 

8-LEAD CERAMIC DIP 

N8 PACKAGE 

8-LEAD PLASTIC DIP 

LTC1291BIN8 
LTC1291CIN8 
LTC1291DIN8 
LTC1291BCN8 
LTC1291CCN8 
LTC1291 DCN8 


COAVERTER ADD mULTIPLEXER CHARACTERISTICS (Notes) 


PARAMETER 

CONDITIONS 

LTC1291B 

MIN TYP MAX 

LTC1291C 

MIN TYP MAX 

LTC1291D 

MIN TYP MAX 

UNITS 

Offset Error 

(Note 4) 

• 

±3.0 

±3.0 

±3.0 

LSB 

Linearity Error (INL) 

(Note 4 & 5) 

• 

±0.5 

±0.5 

±0.75 

LSB 

Gain Error 

(Note 4) 

• 

±1.0 

±2.0 

±4.0 

LSB 

Minimum Resolution for which No 
Missing Codes are Guaranteed 


• 

12 

12 

12 

Bits 

Analog Input Range 

(Note 7) 


-0.05V to Vcc + 0.05V ; 

V 

On Channel Leakage Current 
(Note 8) 

On Channel = 5 V 

Off Channel = 0V 

• 

±1 

±1 

±1 

pA 

On Channel = 0V 

Off Channel = 5 V 

• 

±1 

±1 

±1 

pA 

Off Channel Lekage Current 
(Note 8) 

On Channel = 5 V 

Off Channel = 0V 

• 

±1 

±1 

±1 

mA 

On Channel = 0V 

Off Channel = 5 V 

• 

±1 

±1 

±1 

mA 


AC CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 291 B/LTC1 291 C/LTC1 291 D 
MIN TYP MAX 

UNITS 

fCLK 

Clock Frequency 

Vcc = 5V (Note 6) 


(Note 9) 1 .0 

MHz 

tSMPL 

Analog Input Sample Time 

See Operating Sequence 


2.5 

CLK Cycles 

tCONV 

Conversion Time 

See Operating Sequence 


12 

CLK Cycles 

tCYC 

Total Cycle Time 

See Operating Sequence (Note 6) 


18 CLK 
+ 500ns 

Cycles 

tdDO 

Delay Time, CLKi to Dout Data Valid 

See Test Circuits 

• 

160 300 

ns 
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LTC1291 


rc characteristics (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 291 B/LTC1 291 C/LTC1 291 D 
MIN TYP MAX 

UNITS 

tdis 

Delay Time, CST to Dout Hi-Z 

See Test Circuits 

• 

80 150 

ns 

ten 

Delay Time, CLKT to Dout Enabled 

See Test Circuits 

• 

80 200 

ns 

thDI 

Hold Time, Din after CLKt 

Vcc = 5V (Note 6) 


50 

ns 

thDO 

Time Output Data Remains Valid after CLKT 



130 

ns 

tWHCLK 

CLK High Time 

Vcc = 5V (Note 6) 


300 

ns 

tWLCLK 

CLK Low Time 

Vcc = 5V (Note 6) 


400 

ns 

tf 

Dout Fall Time 

See Test Circuits 

• 

65 130 

ns 

tr 

Dout Rise Time 

See Test Circuits 

• 

25 50 

ns 

tsuDI 

Setup Time, Din Stable before CLKT 

Vcc = 5V (Note 6) 


50 

ns 

tsuCS 

Setup Time, CST before CLKT 

Vcc = 5V (Note 6) 


50 

ns 

tWHCS 

CS High Time During Conversion 

Vcc = 5V (Note 6) 


500 

ns 

tWLCS 

CS Low Time During Data Transfer 

Vcc = 5V (Note 6) 


18 

CLK Cycles 

ClN 

Input Capacitance 

Analog Inputs On Channel 


100 

PF 



Analog Inputs Off Channel 


5 

PF 



Digital Inputs 


5 

PF 


DIGITAL ROD DC €L€CTRICRL CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 291 B/LTC1 291 C/LTC1 291 D 
MIN TYP MAX 

UNITS 

VlH 

High Level Input Voltage 

Vcc = 5.25V 

• 

2.0 

V 

VlL 

Low Level Input Voltage 

Vcc = 4.75V 

• 

0.8 

V 

IlH 

High Level Input Current 

VlN = Vcc 

• 

2.5 

mA 

III 

Low Level Input Current 

Vin = OV 

• 

-2.5 

mA 

VOH 

High Level Output Voltage 

Vcc = 4.75V, Iout = 

:-1 OjaA 


4.7 

V 



Vcc = 4.75V, Iout = 

= — 360juA 

• 

2.4 4.0 

V 

VOL 

Low Level Output Voltage 

Vcc = 4.75V, Iout = 

= 1.6mA 

• 

0.4 

V 

loz 

High Z Output Leakage 

Vout = Vcc. CS High 

• 

3 

mA 



Vout = 0V, CS High 

• 

-3 

pA 

ISOURCE 

Output Source Current 

Vout = 0V 


-20 

mA 

ISINK 

Output Sink Current 

Vout = Vcc 


20 

mA 

Icc 

Positive Supply Current 

CS High 

• 

6 12 

mA 



CS High 

LTC1291BC, LTC1291CC, LTC1291 DC 

• 

5 10 

pA 



Power shutdown 

LTC1291BI, LTC1291CI, LTC1291DI, 

• 

5 15 

pA 



CLK Off 

LTC1291BM, LTC1291CM, LTC1291DM 





The • denotes specifications which apply over the operating temperature 
range; all other limits and typicals Ta = 25°C. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground (unless otherwise 
noted). 

Note 3: Vcc = 5V, CLK = 1.0MHz unless otherwise specified. 

Note 4: One LSB is equal to Vcc divided by 4096. For example, when Vcc 
= 5V, 1 LSB = 5V/4096 = 1 .22mV. 

Note 5: Linearity error is specified between the actual end points of the 
A/D transfer curve. The deviation is measured from the center of the 
quantization band. 

Note 6: Recommended operating conditions. 


Note 7: Two on-chip diodes are tied to each analog input which will 
conduct for analog voltages one diode drop below GND or one diode drop 
above Vcc- Be careful during testing at low Vcc levels (4.5V), as high level 
analog inputs (5V) can cause this input diode to conduct, especially at 
elevated temperature, and cause errors for inputs near full scale. This 
spec allows 50mV forward bias of either diode. This means that as long 
as the analog input does not exceed the supply voltage by more than 
50mV, the output code will be correct. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: Increased leakage currents at elevated temperatures cause the 
S/H to droop, therefore it is recommended that fcLK > 125kHz at 125°C, 
fdK > 30kHz at 85°C and fcLK > 3kHz at 25°C. 
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LTG1291 


TYPICAL P€RFORmnnC€ characteristics 


Supply Current vs Supply Voltage 



SUPPLY VOLTAGE (V) 


Supply Current vs Temperature 



-50 -30 -10 10 30 50 70 90 110 130 
AMBIENT TEMPERATURE (°C) 


1291 G01 


1291 G02 


Change in Linearity vs Supply 
Voltage 



SUPPLY VOLTAGE (V) 


Change in Gain Error vs Supply 



SUPPLY VOLTAGE (V) 


Change in Linearity vs 
Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Change in Gain vs Temperature 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


o < 
r— o 

= 5V 
= IMF 

z 



































1291 G07 


1291 G08 


AS THE CLK FREQUENCY IS DECREASED FROM 1MHz, MINIMUM CLK FREQUENCY (AERROR <0.1LSB) REPRESENTS THE 
FREQUENCY AT WHICH A 0.1 LSB SHIFT IN ANY CODE TRANSITION FROM ITS 1 MHz VALUE IS FIRST DETECTED. 


Change in Offset vs Supply 
Voltage 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 

1291 G03 


Change in Offset vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 

1291 G06 


Minimum Clock Rate for 
0.1 LSB Error 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


1291 G09 
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LTC1291 


typical PCRFonmnncc charactcristics 


Dqut Delay Time vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Maximum Clock Rate vs Source 
Resistance 


1.0 

0.8 

0.6 

0.4 

0.2 

0 

100 Ik 10k 100k 

Rsource - (&■) 








Is* 








Vj 

= 

LI 

ivinz 

III 







am 

J 




! 


+V| N — T+Tiis 

J 






R si!d-- IN T1 




Y 


-L 







\ 



























1 



. 




Maximum Filter Resistor vs 
Cycle Time 



10 100 Ik 10k 

CYCLE TIME (ps) 


Sampie-and-Hold Acquisition 
Time vs Source Resistance 



100 Ik 10k 


Input Channel Leakage Current 



-50 -30 -10 10 30 50 70 90 110 130 


' MAXIMUM CLK FREQUENCY REPRESENTS THE CLK 
FREQUENCY AT WHICH A 0.1 LSB SHIFT IN THE 
ERROR AT ANY CODE TRANSITION FROM ITS 1 MHz 
VALUE IS FIRST DETECTED. 

'‘MAXIMUM Rhlter REPRESENTS THE FILTER RESISTOR 
VALUE AT WHICH A 0.1 LSB CHANGE IN FULL SCALE 
ERROR FROM ITS VALUE AT R F ilter = Ofi IS FIRST 
DETECTED. 


Rsource+ (Q) 


AMBIENT TEMPERATURE (°C) 


1291 G14 



pm Funcnons 


# 

PIN 

FUNCTION 

DESCRIPTION 

1 

CS 

Chip Select Input 

A logic low on this input enables the LTC1291 . 

2,3 

CHO, CHI 

Analog Inputs 

These inputs must be free of noise with respect to GND. 

4 

GND 

Analog Ground 

GND should be tied directly to an analog ground plane. 

5 

Din 

Digital Data Input 

The multiplexer address is shifted into this input. 

6 

Dout 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

7 

CLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

8 

Vcc(Vref) 

Positive Supply and 
Reference Voltage 

This pin provides power and defines the span of the A/D converter. This supply must be kept free of noise and 
ripple by bypassing directly to the analog ground plane. 
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LTC1291 



T€ST CIRCUITS 



On and Off Channel Leakage Current 



cs 


Dout 
WAVEFORM 1 
(SEE NOTE 1) 


°OUT 
WAVEFORM 2 
(SEE NOTE 2) 



NOTE 1 : WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 
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LTC1291 


T€ST CIRCUITS 


Voltage Waveforms for Dqut Rise and Fall Times, t r , t f 



Voltage Waveforms for Dqut Delay Time, t dD o 



cs 



Voltage Waveforms for t en 





APPLICATIONS mFORmATion 


The LTC1291 is a data acquisition component which 
contains the following functional blocks: 

1. 12-bit successive approximation capacitive A/D 
converter 

2. Analog multiplexer (MUX) 

3. Sample-and-hold (S/H) 

4. Synchronous, half duplex serial interface 

5. Control and timing logic 


DIGITAL CONSIDERATIONS 
Serial Interface 

The LTC1291 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
four-wire serial interface (see Operating Sequence). The 
clock (CLK) synchronizes the data transfer with each bit 


being transmitted on the falling CLK edge and captured on 
the rising CLK edge in both transmitting and receiving 
systems. 


cs 


T 


JT 


_n_ 


Dim i 


I Dqut 1 1 


I d out 2 \ 


SHIFT MUX 1 NULL SHIFT A/D CONVERSION 
ADDRESS IN BIT RESULT OUT 


Figure 1 

The input data is first received and then the A/D conversion 
result is transmitted (half duplex). Because of the half 
duplex operation and Dqut may be tied together 
allowing transmission over just 3 wires: CS, CLK and 


xt mm 
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LTC1291 


nppucnnons mFonmnnon 

DATA (Djn/Dout)- Data transfer is initiated by a falling chip 
select (CS) signal. After CS falls the LTC1291 looks for a 
start bit. After the start bit is received a 4-bit input word is 
shifted into the D^ input which configures the LTC1291 
and starts the conversion. After one null bit, the result of 


the conversion appears MSB-first on the Dout line. The 
conversion result is output, bit by bit, as the conversion is 
performed. At the end of the data exchange CS should be 
brought high. This resets the LTC1291 in preparation for 
the next data exchange. 


Operating Sequence 

(Example: Differential Inputs (CH0 + , CHI - )) 





ZEROES 


Power Shutdown Operating Sequence 
(Example: Difterential Inputs (CH0 + , CH1~) and MSB-First Data) 
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Input Data Word 

The 4-bit data word is clocked into the Din pin on the rising 
edge of the clock after chip select goes low and the start 
bit has been recognized. Further inputs on the Din pin are 
then ignored until the next CS cycle. The input word is 
defined as follows: 


MSB-FIRST/ 

LSB-FIRST 


START 

SGL/ 

DIFF 

ODD/ 

SIGN 

MSBF 

PS 



MUX ADDRESS POWER 


Figure 2. input Data Word 

Start Bit 

The first “logical one” clocked into the Din input after CS 
goes low is the start bit. The start bit initiates the data 
transfer and all leading zeroes which precede this logical 
one will be ignored. After the start bit is received the 
remaining bits of the input word will be clocked in. Further 
inputs on the pin are then ignored until the next CS 
cycle. 

MUX Address 

The bits of the input word following the START BIT assign 
the MUX configuration for the requested conversion. For 
a given channel selection, the converter will measure the 
voltage between the two channels indicated by the “+” and 
signs in the selected row of the following table. In 
single-ended mode, all input channels are measured with 
respect to GND. Only the “+” inputs have sample-and- 
holds. Signals applied at the inputs must not change 
more than the required accuracy during the conversion. 


Multiplexer Channel Selection 


MUX ADDRESS 
SGL/DIFF ODD/SIGN 

CHANNEL# 

0 1 

GND 

1. 0 

+ 

- 

1 1 

+ 

- 

0 0 

+ 


0 1 

+ 



MSB-First/LSB-First (MSBF) 

The output data of the LTC1 291 is programmed for MSB- 
first or LSB-first sequence using the MSBF bit. When the 
MSBF bit is a logical one, data will appear on the Dout line 
in MSB-first format. Logical zeroes will be filled in indefi- 
nitely following the last data bit to accommodate longer 
word lengths required by some microprocessors. When 
the MSBF bit is a logical zero, LSB-first data will follow the 
normal MSB-first data on the Dout line (see Operating 
Sequence). 

Power Shutdown 

The power shutdown feature of the LTC1291 is activated 
by making the PS bit a logical zero. If CS remains low after 
the PS bit has been received, a 12-bit Dout word with all 
logicahones will be shifted out followed by logical zeroes 
until CS goes high. Then the Dout line will go into its high 
impedance state. The LTC1291 will remain in the shut- 
down mode until the next CS cycle. There is no warm-up 
or wait period required after coming out of the power 
shutdown cycle so a conversion can commence after CS 
goes low (see Power Shutdown Operating Sequence). 
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Output Code 

The LTC1 291 performs a unipolar conversion. The follow- 
ing shows the output code and transfer curve: 


Unipolar Transfer Curve 


Unipolar Output Code 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(Vref = 5V) 

111111111111 

Vref-ILSB 

4.9988V 

111111111110 

Vr EF -2LSB 

4.9976V 

000000000001 

1LSB 

0.0012V 

000000000000 

OV 

OV 


1291 A!05a 



Microprocessor Interfaces 

The LTC1 291 can interface directly (without external hard- 
ware) to most popular microprocessors’s (MPU) synchro- 
nous serial formats (see Table 1). If an MPU without a 
dedicated serial port is used, then three of the MPU’s 
parallel port lines can be programmed to form the serial 
link to the LTC1 291 . Included here are one serial interface 
example and one example showing a parallel port pro- 
grammed to form the serial interface. 

Motorola SPI (MC68HC11) 

The MC68HC1 1 has been chosen as an example of an M PU 
with a dedicated serial port. This MPU transfers data MSB 
-first and in 8-bit increments. The Dug word sent to the data 
register starts the SPI process. With three 8-bit transfers, 
the A/D result is read into the MPU. The second 8-bit 
transfer clocks B1 1 through B8 of the A/D conversion 
result into the processor. The third 8-bit transfer clocks the 
remaining bits, B7 through BO, into the MPU. The data is 
right justified in the two memory locations. ANDing the 
second byte with ODhex dears the four most significant 
bits. This operation was not included in the code. It can be 
inserted in the data gathering loop or outside the loop 
when the data is processed. 


Table 1. Microprocessor with Hardware Serial Interfaces 
Compatible with the LTC1291 ** 


PART NUMBER 

TYPE OF INTERFACE 

Motorola 


MC6805S2, S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 


CDP68HC05 

SPI 

Hitachi 


HD6305 

SCI Synchronous 

HD6301 

SCI Synchronous 

HD63701 

SCI Synchronous 

HD6303 

SCI Synchronous 

HD64180 

SCI Synchronous 

National Semiconductor 


COP400 Family 

MICROWIREt 

COP800 Family 

MCROWIRE/PLUSt 

NS8050U 

MICROWIRE/PLUS 

HPC16000 Family 

MICROWIRE/PLUS 

Texas Instruments 


TMS7002 

Serial Port 

TMS7042 

Serial Port 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 

TMS32011* 

Serial Port 

TMS32020* 

Serial Port 

TMS370C050 

SPI 


* Requires external hardware 


** Contact factory for interface information for processors not on this list 
t MICROWIRE and MICROWIRE/PLUS are trademarks of National 
Semiconductor Corp. 
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Timing Diagram for Interface to the MC68HC11 

a r 

cu jifirLruiRj^ njijnjnjijnjijn njnjnjnjijnjnjn 


°OUT 



MPU 

TRANSMIT 

WORD 


MPU 

RECEIVED 

WORD 


0 

0 

0 

0 

0 

0 

0 

0 

BYTE 3 (DUMMY) 

M 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


ODD/ 

EVEN 

MSBF 

PS 

0 

0 

0 

0 

0 

BYTE 2 

0 

□ 

□ 

□ 

B11 

BIO 

B9 

B8 


BYTE 1 


BYTE 2 


BYTE 3 


LTC1291 A106 


Hardware and Software Interface to Motorola MC68HC11 


D 0 UT FROM LTC1291 STORED IN MC68HC11 RAM 

MSB 


□ 

□ 

□ 

□ 

B11 

BIO 

B9 

B8 

LSB 

M 

B6 

B5 

rJ 

B3 

B2 

M 

BO 


ANALOG 

INPUTS 


r — 

CHO CS 


DO 


GLK 


SCK 


LTC1291 


MC68HC11 


Dout 


MISO 


CHI 


MOSI 


LTC1291 AI07 



MC68HC11 CODE 

In this example the Din word configures the input MUX for 
a single-ended input to be applied to CHO. The conversion 
result is output MSB-first. 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


LDAA 

#$50 

CONFIGURATION DATA FOR SPCR 


LDAA 

#$00 

LOAD DUMMY DIN WORD INTO 


STAA 

$1028 

LOAD DATA INTO SPCR ($1028) 




ACC A 


LDAA 

#$1B 

CONFIG. DATA FOR PORT D DDR 


STAA 

$52 

LOAD DUMMY DIN DATA INTO $52 


STAA 

$1009 

LOAD DATA INTO PORT D DDR 


LDX 

#$1000 

LOAD INDEX REGISTER X WITH 


LDAA 

#$03 

LOAD DIN WORD INTO ACC A 




$1000 


STAA 

$50 

LOAD DIN DATA INTO $50 

LOOP 

BCLR 

$08,X,#$01 

DO GOES LOW (CS GOES LOW) 


LDAA 

#$60 

LOAD DIN WORD INTO ACC A 


LDAA 

$50 

LOAD DIN INTO ACC A FROM $50 


STAA 

$51 

LOAD DIN DATA INTO $51 


STAA 

$102A 

LOAD DIN INTO SPI, START SCK 
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LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

WAIT1 

WAIT2 

LDAA 

BPL 

LDAA 

STAA 

LDAA 

BPL 

LDAA 

STAA 

LDAA 

$1029 

WAIT1 
$51 
$1 02A 
$1029 

WAIT2 
$1 02A 
$62 
$52 

CHECK SPI STATUS REG 

CHECK IF TRANSFER IS DONE 

LOAD DIN INTO ACC A FROM $51 

LOAD DIN INTO SPI, START SCK 
CHECK SPI STATUS REG 

CHECK IF TRANSFER IS DONE 

LOAD LTC1 291 MSBs INTO ACC A 
STORE MSBs IN $62 

LOAD DUMMY DIN INTO ACC A 

FROM $52 

WAIT3 

STAA 

LDAA 

BPL 

BSET 

LDAA 

STAA 

JMP 

$1 02A 

$1029 
WAIT3 
$08,X#$01 
$1 02A 
$63 

LOOP 

LOAD DUMMY DIN INTO SPI, 

START SCK 

CHECK SPI STATUS REG 

CHECK IF TRANSFER IS DONE 

DO GOES HIGH (CS GOES HIGH) 
LOAD LTC1291 LSBsINACC 

STORE LSBs IN $63 

START NEXT CONVERSION 


Interfacing to the Parallel Port of the Intel 8051 Family 

The Intel 8051 has been chosen to show the interface 
between the LTC1291 and parallel port microprocessors. 
Usually the signals CS, Dim and CLK are generated on th ree 
port lines and the Dqut signal is read on a fourth port line. 


This works very well. One can save a line by tying the Dim 
and Dqut lines together. The 8051 first sends the start bit 
and MUX Address to the LTC1 291 over the line connected 
to PI .2. Then PI .2 is reconfigured as an input and the 8051 
reads back the 12-bit A/D result over the same data line. 


Timing Diagram for interface to Intel 8051 


■A 


DATA 

(Din/Dqut) ' 


PS BIT LATCHED 
INTO LTC1291 


r 




/ \ ODD/ SGL/ l~ 

/ START \SIGN DIFF/ MSBF PS 


^ 


V 

I 1 




i i 



8051 PI .2 OUTPUT DATA 

l 1 

1 i 

LTC1291 SENDS A/D RESULT 

LTC1291 AI08 

TO LTC1291 

I 1 

I i 

BACK TO 8051 PI .2 


8051 PI .2 RECONFIGURED 

AS INPUT AFTER THE 5TH RISING 

f* 

LTC1291 TAKES CONTROL OF DATA 

LINE ON 5TH FALLING CLK 



CLK BEFORE THE 5TH FALLING CLK 


Hardware and Software Interface to Intel 8051 


Dqut FROM LTC1291 STORED IN 8051 RAM 


MSB 


B11 

BIO 

B9 

B8 

B7 

B6 

B5 

B4 

LSB 

B3 

B2 

M 


E 

E 

E 

□ 


ANALOG 

INPUTS 


r — 

CHO CS 

— 


PI .4 


CLK 

~ 


PI .3 


LTC1291 



8051 


d out 

— 1 

f — 

PI .2 


CHI Dim 

1 

1 



MU X ADDRE SS 
A/D RESULT 


LTC1291 AI09 
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8051 Code 

In this example the input MUX is configured to accept a 
differential input between CHO and CHI . The result from 
the conversion is clocked out MSB-first. 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


SETB 

PI .4 

CS GOES HIGH 


CLR 

PI .3 

CLK GOES LOW 

CONT 

MOV 

A,#98H 

DIN WORD FOR LTC1291 


CLR 

A 

CLEAR ACC 


CLR 

PI .4 

CS GOES LOW 


RLC 

A 

ROTATE DATA BIT (B3) INTO ACC 


MOV 

R4,#05H 

LOAD COUNTER 


MOV 

C.P1.2 

READ DATA BIT INTO CARRY 

LOOP1 

RLC 

A 

ROTATE DIN BIT INTO CARRY 


RLC 

A 

ROTATE DATA BIT (B2) INTO ACC 


CLR 

PI .3 

CLK GOES LOW 


SETB 

PI .3 

CLK GOES HIGH 


MOV 

P1.2.C 

OUTPUT DIN BIT TO LTC1291 


CLR 

PI .3 

CLK GOES LOW 


SETB 

PI .3 

CLK GOES HIGH 


MOV 

C.P1.2 

READ DATA BIT INTO CARRY 


DJNZ 

R4,LOOP1 

NEXT DIN BIT 


RLC 

A 

ROTATE DATA BIT (B1) INTO ACC 


MOV 

PI ,#04 H 

PI .2 BECOMES AN INPUT 


SETB 

PI .3 

CLK GOES HIGH 


CLR 

PI .3 

CLK GOES LOW 


CLR 

PI .3 

CLK GOES LOW 


MOV 

R4,#09H 

LOAD COUNTER 


MOV 

C.P1.2 

READ DATA BIT INTO CARRY 

LOOP 

MOV 

C.P1.2 

READ DATA BIT INTO CARRY 


SETB 

PI .4 

CS GOES HIGH 


RLC 

A 

ROTATE DATA BIT (B3) INTO ACC 


RRC 

A 

ROTATE DATA BIT (BO) INTO ACC 


SETB 

PI .3 

CLK GOES HIGH 


RRC 

A 

ROTAGE RIGHT INTO ACC 


CLR 

PI .3 

CLK GOES LOW 


RRC 

A 

ROTAGE RIGHT INTO ACC 


DJNZ 

R4.L00P 

NEXT DOUTBIT 


RRC 

A 

ROTAGE RIGHT INTO ACC 


MOV 

R2,A 

STORE MSBS IN R2 


MOV 

R3,A 

STORE LSBs IN R3 


MOV 

C.P1.2 

READ DATA BIT INTO CARRY 


AJMP 

CONT 

START NEXT CONVERSION 


SETB 

PI .3 

CLK GOES HIGH 






Sharing the Serial Interface 

The LTC1291 can share the same 3-wire serial interface (Figure 3). The CS signals decide which LTC1 291 is being 
with other peripheral components or other LTC1 291 s addressed by MPU. 




2 CHANNELS 2 CHANNELS 2 CHANNELS 


3-WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC1 291s 


LTC1291 F03 


Figure 3. Several LTC1291s Sharing One 3-Wire Serial Interface 
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ANALOG CONSIDERATIONS 
Grounding 

The LTC1 291 should be used with an analog ground plane 
and single point grounding techniques. Do not use wire 
wrapping techniques to breadboard and evaluate the device. 
To achieve the optimum performance use a PC board. The 
ground pin (Pin 4) should be tied directly to the ground 
plane with minimum lead length. Figure 4 shows an 
example of an ideal LTC1291 ground plane for a two-sided 
board. Of course this much ground plane will not always 
be possible, but users should strive to get as close to this 
ideal as possible. 


ANALOG GROUND 
PLANE 


22(lF V a 
TANTALUM 


O.IkF 


LTC1291 


8 3 

O 


Figure 4. Example Ground Plane for the LTC1291 


Bypassing 

For good performance, Vcc must be free of noise and 
ripple. Any changes in the Vcc voltage with respect to 
ground during the conversion cycle can induce error or 
noise in the output code. Vcc noise and ripple can be kept 
below 0.5mV by bypassing the Vcc pin directly to the 
analog ground plane with a minimum of 22gF tantalum 
capacitor and with leads as short as possible. A 0.1 pF 
ceramic disk capacitor should also be placed directly 
across Vcc (Pin 8) and GND (Pin 4) as close to the pins as 
possible. The Vcc supply should have a low output 
impedance such as that obtained from a voltage regulator 
(e.g., LT323A). Figures 5 and 6 show the effects of good 
and poor Vcc bypassing. 



HORIZONTAL: 10ms/DIV 


Figure 5. Poor Vcc Bypassing. Noise and 
Ripple Can Cause A/D Errors 



HORIZONTAL: lOps/DIV 

Figure 6. Good Vcc Bypassing Keeps 
Noise and Ripple on Vcc Below 1 mV 


Analog Inputs 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1291 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. If large 
source resistances are used or if slow settling op amps 
drive the inputs, take care to insure the transients caused 
by the current spikes settle completely before the 
conversion begins. 

Minimizing Gain and Offset Error 

Because the LTC1 291 ’s reference is taken from the power 
supply pin (Vcc) proper PC board layout and supply 
bypassing is important for attaining the best performance 
from the A/D converter. Any parasitic resistance in the Vcc 
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or GND lead will cause gain errors and offset errors (Figure 
7). For the best performance the LTC1291 should be 
soldered directly to the PC board. If the source can not be 
placed next to the pin and the gain parameter is important 
the pin should be Kelvin-sensed to eliminate parasitic 
resistances due to long PC traces. For example, 0.1 n of 
resistance in the Vcc lead can typically cause 0.5LSB 
(Ice x 0- 1 Q/' Vcc) of Qain error for Vcc = 5V. 

When the input MUX is selected for single-ended input the 
minus terminal is connected to GND internally on the die. 
Any parasitic resistance from the GND pin to the ground 
plane will lead to an offset voltage (Ice x Rp 2 )- 



Figure 7. Parasitic Resistance in the Vcc and GND Leads 


Source Resistance 

The analog inputs of the LTC1291 look like a lOOpF 
capacitor (Cin) in series with a 500Q resistor (Ron)- Cin 
gets switched between “+” and inputs once during 
each conversion cycle. Large external source resistors 


VlN 


V|N 


RsOURCE + , NPUT 

vw- — f — Q- 

_ci 


Rsource- '^ t 

VW— f — [J- 

ZZZ C2 


"1 3RD CLKT 
6 / Ron = 5000 

? 5TH CLKI — lOOpF 


Figure 8. Analog Input Equivalent Circuit 


and capacitances will slow the settling of the inputs. It is 
important that the overall RC time constant is short 
enough to allow the analog inputs to settle completely 
within the allowed time. 

“+” Input Settling 

The input capacitor is switched onto the “+” input during 
the sample phase (tsMPL. see Figure 9). The sample period 
is 2.5 CLK cycles before a conversion starts. The voltage 
on the “+” input must settle completely within the sample 
period. Minimizing Rsource+ and Cl will improve the 
settling time. If large “+” input source resistance must be 
used, the sample time can be increased by using a slower 
CLK frequency. With the minimum possible sample time 
of 2.5ps, Rsource+ < 1 -Ok and Cl < 20pF will provide 
adequate settle time. 

Input Settling 

Attheend of thesample phase the input capacitor switches 
to the input and the conversion starts (see Figure 9). 
During the conversion, the “+” input voltage is effectively 
“held” by the sample-and-hold and will not affect the 
conversion result. It is critical that the input voltage be 
free of noise and settle completely during the first CLK 
cycle of the conversion. Minimizing Rsource - and C2 will 
improve settling time. If large input source resistance 
must be used, the time can be extended by using a slower 
CLK frequency. At the maximum CLK frequency of 1 MHz, 
Rsource - < 250Q and C2 < 20pF will provide adequate 
settling. 

Input Op Amps 

When driving the analog inputs with an op amp it is 
important that the op amp settles within the allowed time 
(see Figure 9). Again the “+” and input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the LT1 006 and 
LT1 01 3 single supply op amps can be made to settle well 
even with the minimum settling windows of 2.5|as (“+” 
input) and Ips input) that occurs at the maximum 
clock rate of 1MHz. Figures 10 and 11 show examples 
adequate and poor op amp settling. 
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HORIZONTAL: 500ns/DIV 


HORIZONTAL: 20^s/DIV 


Figure 10. Adequate Settling of Op Amp Driving Analog Input Figure 11 . Poor Op Amp Settling Can Cause A/D Errors 

(Note Horizontal Scale) 


6-178 







LTC1291 


nppucOTions mFORmnnon 


RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 12. For large values of Cp (e.g., IpF) the 
capacitive input switching currents are averaged into a net 
DC current. A filter should be chosen with a small resistor 
and a large capacitor to prevent DC drops across the 
resistor. The magnitude of the DC current is approximately 
I DC = 100pF x V||\|/tcYC and is roughly proportional to 
When running at the minimum cycle time of 1 8.5ps, the 
input current equals 27pAat Vin = 5 V. Here afilter resistor 
of 4.5Q will cause 0.1 LSB of full-scale error. If a large filter 
resistor must be used, errors can be reduced by increasing 
the cycle time as shown in the typical performance 
characteristics curve Maximum Filter Resistor vs Cycle 
Time. 


Rfilter 
Vin VW- 


>DC 


I CfILTER 


Figure 12. RC Input Filtering 


Input Leakage Current 

Input leakage currents also can create errors if the source 
resistance gets too large. Forexample, the maximum input 
leakage specification of 1 pA (at 1 25°C) flowing through a 
source resistance of 1 k will cause a voltage drop of 1 mV 
or 0.8LSB. This error will be much reduced at lower 
temperatures because leakage drops rapidly (see typical 
performance characteristics curve Input Channel Leakage 
Current vs Temperature). 


allows the LTC1 291 to convert rapidly varying signals (see 
typical performance characteristics curve of S/H Acquisition 
Time vs Source Resistance). The input voltage is sampled 
during the tsMPL time as shown in Figure 9. The sampling 
interval begins as the bit preceding the MSBF bit is shifted 
in and continues until the falling edge of the PS bit is 
received. On this falling edge the S/H goes into the hold 
mode and the conversion begins. 

Differential Input 

With a differential input the A/D no longer converts a single 
voltage but converts the difference between two voltages. 
The voltage on the +IN pin is sampled and held and can be 
rapidly time varying. The voltage on the -IN pin must 
remain constant and befree of noiseandripplethroughout 
the conversion time. Otherwise the differencing operation 
will not be done accurately. The conversion time is 1 2 CLK 
cycles. Therefore a change in the -IN input voltage during 
this interval can cause conversion errors. For a sinusoidal 
voltage on the -IN input this error would be: 

V ERROR(MAX) = (2pf (-IN) V PEAk)^^ 


Where f(_n\p is the frequency of the -IN input voltage, 
Vpeak is its peak amplitude and fax is the frequency of the 
CLK. Usually Verror will not be significant. For a 60Hz 
signal on the -IN input to generate a 0.25LSB error 
(300jxV) with the converter running at CLK = 1MHz, its 
peak value would have to be 66mV. Rearranging the above 
equation the maximum sinusoidal signal that can be 
digitized to a given accuracy is given as: 


f (-IN) - 


f \l \ 

v ERROR(MAX) 

v 2 pVpEAK , 


l I 2 J 



SAMPLE-AND-HOLD 
Single-Ended Input 

The LTC1291 provides a built-in sample-and-hold (S/H) 
function on the +IN input for signals acquired in the single- 
ended mode (-IN pin grounded). The sample-and-hold 


For 0.25LSB error (300(xV) the maximum input sinusoid 
with a 5 V peak amplitude that can be digitized is 0.8Hz. 
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Overvoltage Protection 

Applying signals to the LTC1291 ’s analog inputs that 
exceed the positive supply or that go below ground will 
degrade the accuracy of the A/D and possibly damage the 
device. For example this condition would occur if a signal 
is applied to the analog inputs before power is applied to 
the LTC1291. It can also happen if the input source is 
operating from supplies of larger value than the LTC1 291 
supply. These conditions should be prevented either with 
propersupply sequencing or by use of external circuitry to 
clamp or current limit the input source. 

There are two ways to protect the inputs. In Figure 13 
diode clamps from the inputs to Vcc and GND are used. 
The second method is to put resistors in series with the 
analog inputs for current limiting. Limit the current to 
15mA per channel. The +IN input can accept a resistor 
value of Ik but the -IN input cannot accept more than 
250L2 when clocked at its maximum clock frequency of 
1 MHz. If the LTC1291 is clocked at the maximum clock 
frequency and 250L2 is not enough to current limit the 
input source then the clamp diodes are recommended 
(Figures 1 4 and 1 5). The reason forthe limit on the resistor 
value is the MSB bit test is affected by the value of the 
resistor placed at the -IN input (see discussion on Analog 
Inputs and the typical performance characteristics Maxi- 
mum CLK Frequency vs Source Resistance). 

Because a unique input protection structure is used on the 
digital input pins, the signal levels on these pins can 
exceed the device Vcc without damaging the device. 


1N4148 DIODES 



Figure 13. Overvoltage Protection for Inputs 


— 

C$ 

Vcc (Vref) 

Ik 



\W 

CHO 

CLK 

250Q 

LTC1291 

— AA* 

CHI 

°OUT 

JT 

6ND 

Din 


Figure 14. Overvoltage Protection for Inputs 


1N4148 DIODES 




CS 

Vcc (Vref) 

CHO 

CLK 

LTC1291 

CHI 

Dout 

GND 

Din 


Figure 15. Overvoltage Protection for Inputs 
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A “Quick Look” Circuit for the LTC1291 

Users can get a quick look at the function and timing of 
the LTC1291 by using the following simple circuit 
(Figure 16). Din is tied to Vcc- This requires Vin be 
applied to CHI with respect to the ground plane. The 


data is output MSB-first. CS is driven at 1/64 the clock 
frequency by the 74HC393 and Dout outputs the data. 
The output data from the Dout Pi n can be viewed on a 
oscilloscope that is set up to trigger on the falling edge 
of CS (Figure 17). 


Vin ■ 


22jxF TANTALUM 




5$ v G c (Vref) 


I — I CHO CLK 

LTC1291 

chi Dout 


SND 


Din 


. 0.1 |xF 


TO OSCILLOSCOPE 




A1 V CC M 

CLR1 A2 

1QA CLR2 

HlQB 74HC393 2QA 
— 1 1 QC 2QB 

1QD 2QC 

GND 2QD 


£ 




I CLOCK IN 1MHz 


7R 


O.lpiF 


Figure 16. “Quick Look” Circuit for the LTC1291 





NULL MSB LSB FILLS WITH 

BIT (B11) (BO) ZEROES 


VERTICAL: 5V/DIV 
HORIZONTAL: 5(as/DIV 

Figure 17. Scope Trace of the LTC1291 "Quick Look" 
Circuit Showing Output 101010101010 (AAAhex) 
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KflTURCS 

■ Built-In Sample-and-Hold 

■ Single Supply 5V Operation 

■ 60kHz Maximum Throughput Rate (LTC1292) 

■ Power Shutdown After Each Conversion (LTC1297) 

■ Direct 3-Wire Interface to Most MPU Serial Ports and 
All MPU Parallel Ports 

■ Analog Inputs Common Mode to Supply Rails 

K€V SPCCIFICRTIORS 

■ Resolution: 12 Bits 

■ Fast Conversion Time: 1 2jlis Max Over Temp 

■ Low Supply Current: 6.0mA 

■ Shutdown Supply Current: 5pA (LTC1297) 


Single Chip 12-Bit 
Data Acquisition Systems 

DCSCRIPTIOR 

The LTC1 292/LTC1 297 are data acquisition systems that 
contain a 12-bit, switched-capacitor successive approxi- 
mation A/D, a differential input, sample-and-hold on the 
(+) input, and serial I/O. When the LTC1 297 is idle between 
conversions it automatically powers down reducing the 
supply current to 5pA, typically. The LTC1292 is capable 
of digitizing signals at a 60kHz rate and with the device’s 
excellent AC characteristics, it can be used for DSP appli- 
cations. All these features are packaged in an 8-pin DIP 
and are made possible using LTCMOS™ switched-capaci- 
tor technology. 

The serial I/O is designed to communicate without external 
hardware to most MPU serial ports and all MPU parallel 
I/O ports allowing data to be transmitted over three wires. 
Because of their accuracy, ease of use and small package 
size these devices are well suited for digitizing analog 
signals in remote applications where minimum number of 
interconnects and power consumption are important. 

LTCMOS is trademark of Linear Technology Corporation 


TVPICRl RPPUCRTIOR 


12-Bit Differential Input Data Acquisition System 


Power Supply Current 
vs Sampling Frequency 


DIFFERENTIAL 
INPUTS 
COMMON MODE 
RANGE . 
0V TO 5V* 



TOR OVERVOLTAGE PROTECTION LIMIT THE INPUT CURRENT TO 15mA 
PER PIN OR CLAMP THE INPUTS TO V C c AND GND WITH 1N4148 DIODES. 

CONVERSION RESULTS ARE NOT VALID WHEN ANY INPUT IS OVERVOLTAGED 

(V| N < GND OR V )N > V CC ). SEE SECTION ON OVERVOLTAGE PROTECTION IN ltci29^taoi 

THE APPLICATIONS INFORMATION. 



1 10 100 Ik 10k 100k 

f SAMPLE (Hz) 

LTC1297*TA02 
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LTC1292/LTC1297 


rbsolutc mnximum rrtirgs 

(Notes 1 and 2) 

Supply Voltage (Vqc) to 6ND 12V 

Voltage 

Analog and Reference 

Inputs -0.3V to Vqq + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Outputs -0.3V to Vqc + 0.3V 

Power Dissipation 500mW 

Operating Temperature Range 
LTC1 292/LTC1 297BC, LTC1 292/LTC1 297CC, 

LTC1 292/LTC1 297DC 0°C to 70°C 

LTC1 292/LTC1 297BI, LTC1 292/LTC1 297CI, 

LTC1 292/LTC1 297DI -40°Cto85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORRIRTIOR 


cs(T 
+in|Y 
-in [T 
gnd[T 


J8 PACKAGE 
8-LEAD CERAMIC DIP 

N8 PACKAGE 
8-LEAD PLASTIC DIP 


Tjmax - 150°C, e JA =100°C/W (J8) 
Tjmax = 100°C, 0j A =130°C/W (N8) 


ORDER PART NUMBER 


avcc 

^CLK 

I] DouT 
10 V REF 


LTC1292BIN8 
LTC1 292CIN8 
LTC1 292DIN8 
LTC1292BCJ8 
LTC1292CCJ8 
LTC1292DCJ8 
LTC1292BCN8 
LTC1292CCN8 
LTC1292DCN8 


LTC1297BIN8 

LTC1297CIN8 

LTC1297DIN8 

LTC1297BCJ8 

LTC1297CCJ8 

LTC1297DCJ8 

LTC1297BCN8 

LTC1297CCN8 

LTC1297DCN8 


For Military Temperature Ranges please contact factory. 


COnV€RT€R RRD mULTIPl€X€R CHRRRCT€RISTICS(N.te3) 


PARAMETER 

CONDITIONS 

LTC1292B 

LTC1297B 

MIN TYP MAX 

LTC1292C 

LTC1297C 

MIN TYP MAX 

LTC1292D 

LTC1297D 

MIN TYP MAX 

UNITS 

Offset Error 

(Note 4) 

• 

±3.0 

±3.0 

±3.0 

LSB 

Linearity Error (INL) 

(Note 4 & 5) 

• 

±0.5 

±0.5 

±0.75 

LSB 

Gain Error 

(Note 4) 

• 

±0.5 

±1.0 

±4.0 

LSB 

Minimum Resolution for Which No 
Missing Codes are Guaranteed 



12 

12 

12 

Bits 

Analog and REF Input Range 

(Note 7) 

• 

-0.05V to V C c + 0.05V 

V 

On Channel Leakage Current 
(Note 8) 

On Channel = 5 V 

Off Channel = 0V 

• 

±1 

±1 

±1 

mA 

On Channel = 0V 

Off Channel = 5 V 

• 

±1 

±1 

±1 

pA 

Off Channel Lekage Current 
(Note 8) 

On Channel = 5 V 

Off Channel = 0V 

• 

±1 

±1 

±1 

mA 

On Channel = 0V 

Off Channel = 5V 

• 

±1 

±1 

±1 

pA 
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LTC1292/LTC1297 


AC CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 292B/LTC1 297B 

LTC1 292C/LTC1 297C 

LTC1 292D/LTC1 297D 

MIN TYP MAX 

UNITS 

fCLK 

Clock Frequency 

V CC = 5 V (Note 6) 


(Note 9) 1.0 

MHz 

tSMPL 

Analog Input Sample Time 

See Operating Sequence LTC1292 
LTC1297 


1.5CLK 

0.5CLK+5.5|as 


tC0NV 

Conversion Time 

See Operating Sequence 


12 

CLK 

Cycles 

tCYC 

Total Cycle Time 

See Operating Sequence (Note 6) 

LTC1292 

LTC1297 


14CLK+2.5(os 

14CLK+6|os 


tdDO 

Delay Time, CLlU to Dout Data Valid 

See Test Circuits 

• 

160 300 

ns 

tdis 

Delay Time, CST to Dout Hi-Z 

See Test Circuits 

• 

80 150 

ns 

ten 

Delay Time, CLfU to Dout Enabled 

See Test Circuits 

• 

80 200 

ns 

thDO 

Time Output Data Remains Valid After CLKT 



130 

ns 

tf 

Dout Fall Time 

See Test Circuits 

• 

65 130 

ns 

tr 

Dout Rise Time 

See Test Circuits 

• 

25 50 

ns 

tWHCLK 

CLK High Time 

V CG = 5 V (Note 6) 


300 

ns 

twLCLK 

CLK Low Time 

V cc = 5V (Note 6) 


400 

ns 

tsuCS 

Setup Time, CSl Before CLKT 
(LTC1297 Wakeup Time) 

V cc = 5V (Note 6) LTC1292 

LTC1297 


50 

5.5 

ns 

MS 

%HCS 

CS High Time Between Data Transfer Cycles 

V CC = 5V (Note 6) LTC1292 

LTC1297 


2.5 

0.5 

MS 

MS 

tWLCS 

CS Low Time During Data Transfer 

V CC = 5V (Note 6) LTC1292 

LTC1297 


14CLK 

14CLK+5.5jiS 


C|N 

Input Capacitance 

Analog Inputs On Channel 

Analog Inputs Off Channel 

Digital Inputs 


100 

5 

5 

PF 

PF 

pF 


DIGITAL RAD DC ELECTRICAL CHARACTERISTICS (Note 3) 





LTC1 292B/LTC1 297B 





LTC1 292C/LTC1 297C 





LTC1292D/LTC1297D 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V| H 

High Level Input Voltage 

V CC = 5.25V 

• 

2.0 

V 

VlL 

Low Level Input Voltage 

V CC = 4.75V 

• 

0.8 

V 

IlH 

High Level Input Current 

V|N = VCC 

• 

2.5 

mA 

l|L 

Low Level Input Current 

V|N = OV 

• 

-2.5 

mA 

VoH 

High Level Output Voltage 

V CC = 4.75V, Io = -10mA 


4.7 

V 



lo = 360(jA 

• 

2.4 4.0 

V 

VOL 

Low Level Output Voltage 

V cc = 4.75V, lo = 1.6mA 

• 

0.4 

V 

loz 

High Z Output Leakage 

V 0 ut = Vcc, CS High 

• 

3 

mA 



V OU t = 0V, CS High 

• 

-3 

mA 

■source 

Output Source Current 

V OU T = 0V 


-20 

mA 

■sink 

Output Sink Current 

V OUT = Vcc 


20 

mA 
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LTC 1 292/ LTC 1297 

DIGITAL ADD DC CL6CTAICAL CHARACTCRISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 292B/LTC1 297B 

LTC1 292C/LTC1 297C 

LTC1 292D/LTC1 297D 

MIN TYP MAX 

UNITS 

Icc 

Positive Supply Current 

CS High 

LTC1292 

• 


6 

12 

mA 



CS Low 

LTC 1297 

• 


6 

12 

mA 



CS High 
Power 

LTC1297BC, LTC1297CC, LTC1297DC 

• 


5 

10 

pA 



Shutdown 
CLK Off 

LTC1297BI, LTC1297CI, LTC1297DI 
LTC1297BM, LTC1297CM, LTC1297DM 

• 


5 

15 

pA 

Iref 

Reference Current 

CS High 

• 


10 

50 

PA 


The • denotes specifications which apply over the operating temperature 
range; all other limits and typicals Ta = 25°C. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground (unless otherwise 
noted). 

Note 3: Vcc = 5V, Vref = 5V, CLK = 1.0MHz unless otherwise specified. 
Note 4: One LSB is equal to V REF divided by 4096. For example, when 
V REF = 5V, 1 LSB = 5V/4096 = 1 .22mV. 

Note 5: Linearity error is specified between the actual end points of the 
A/D transfer curve. The deviation is measured from the center of the 
quantization band. 

Note 6: Recommended operating conditions. 

Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 


below GND or one diode drop above Vcc- Be careful during testing at low 
Vcc levels (4.5V), as high level reference or analog inputs (5 V) can cause 
this input diode to conduct, especially at elevated temperatures, and cause 
errors for inputs near full scale. This spec allows 50mV forward bias of 
either diode. This means that as long as the reference or analog input 
does not exceed the supply voltage by more than 50mV, the output code 
will be correct. To achieve an absolute 0V to 5 V input voltage range will 
therefore require a minimum supply voltage of 4.950V over initial 
tolerance, temperature variations and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: Increased leakage currents at elevated temperatures cause the 
S/H to droop, therefore it is recommended that fcLK ^ 25kHz at 125°C, 
fcLK ^ 31kHz at 85°C, and fcLK £ 3kHz at 25°C. 



TVPICAL PCRFOAfflAACC CHARACTERISTICS 


Supply Current vs Supply Voltage 



SUPPLY VOLTAGE (V) 


Supply Current vs Temperature 


10 
9 
8 
7 
6 
5 
4 
3 

-50 -30 -10 10 30 50 70 90 110 130 

AMBIENT TEMPERATURE (°C) 
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CLK = 1MHz 
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LTC1297 Supply Current (Power 
Shutdown) vs Temperature 

10 
9 
8 
7 
6 
5 


3 
2 
1 
0 

-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 



LTC1 292/7 G01 


LTC1 292/7 G02 


LTC 1292/7 G03 


fTUnm 
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MAGNITUDE OF GAIN CHANGE (LSB) CHANGE IN GAIN (LSB = 1/4096 x V REF ) SUPPLY CURRENT (jiA) 


LTC1292/LTC1297 

TVPICflL P€RFORmnnC€ CHRRRCT6MSTICS 


LTC1 297 Supply Current (Power 
Shutdown) vs CLK Frequency 



CLK FREQUENCY (kHz) 


LTC1 292/7 G04 


Change in Gain vs 
Reference Voltage 



0 1 2 3 4 5 

REFERENCE VOLTAGE (V) 

LTC1 292/7 G07 


Change in Gain vs Temperature 



AMBIENT TEMPERATURE (°C) 


LTC1292/7G10 


Unadjusted Offset Voltage vs 
Reference Voltage 



1 2 3 4 5 


REFERENCE VOLTAGE (V) 

LTC1 292/7 G05 


Change in Offset vs Temperature 



AMBIENT TEMPERATURE (°C) 


LTC1 292/7 G08 


Minimum Clock Rate for 
0.1 LSB Error* 



-50 -25 0 25 50 75 100 125 


AMBIENT TEMPERATURE (°C) 

LTC1 292/7 G1 1 


Change in Linearity vs 
Reference Voltage 



REFERENCE VOLTAGE (V) 


LTC1 292/7 G06 


Change in Linearity vs 
Temperature 



AMBIENT TEMPERATURE (°C) 


LTC 1292/7 G09 


Dqut Delay Time vs Temperature 



AMBIENT TEMPERATURE (°C) 


LTC 1292/7 G12 


AS THE CLK FREQUENCY IS DECREASED FROM 1 MHz, MINIMUM CLK FREQUENCY (AERROR < 0.1 LSB) REPRESENTS THE 
FREQUENCY AT WHICH A 0.1 LSB SHIFT IN ANY CODE TRANSITION FROM ITS 1MHz VALUE IS FIRST DETECTED (NOTE 9). 
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LTC 1 292/ LTC 1297 


TVPicni P€RFORmnnc€ cHnnncTcmsTics 


Maximum Clock Rate vs 
Source Resistance 



100 Ik 10k 100k 

^SOURCE- (Q) 


Maximum Filter Resistor vs 
Cycle Time 



10 100 Ik 10k 

CYCLE TIME (ms) 


Sample-and-Hold Acquisition 



100 1000 10000 
r source+ (Q) 


LTC1292/7G13 


LTC 1 292/7 G1 4 


LTC 1 292/7 G1 5 


Input Channel Leakage Current vs 
Temperature 



-50 -30 -10 10 30 50 70 90 110 130 
AMBIENT TEMPERATURE (°C) 


Noise Error vs Reference Voltage 

2.25 

S ' 200 
co 

— 1.75 
cc 

I 150 

£1.25 

| 1.00 
< 

cl . 0.75 
o 

£ 0.50 
55 

0.25 
0 

0 1 2 3 4 5 

REFERENCE VOLTAGE (V) 


LTC1 292/LTC1 



IMUIot = 

^uuMvp. 






































" 


MAXIMUM CLK FREQUENCY REPRESENTS THE 
CLK FREQUENCY AT WHICH A 0.1 LSB SHIFT IN 
THE ERROR AT ANY CODE TRANSITION FROM ITS 
1MHz VALUE IS FIRST DETECTED. 

MAXIMUM R F | L ter REPRESENTS THE FILTER 
RESISTOR VALUE AT WHICH A 0.1 LSB CHANGE IN 
FULL SCALE ERROR FROM ITS VALUE AT 
Rfilter = 0Q IS FIRST DETECTED. 


LTC1 292/7 G16 


LTC1 292/7 617 



pm Funcnons 


# 

PIN 

FUNCTION 

DESCRIPTION 

1 

CS 

Chip Select Input 

AJogic low on this input enables the LTC1 292/LTC1 297. Power shutdown is activated on the LTC1297 when 
CS is brought high. 

2,3 

+IN.-IN 

Analog Inputs 

These inputs must be free of noise with respect to GND. 

4 

GND 

Analog Ground 

GND should be tied directly to an analog ground plane. 

5 

Vref 

Reference Input 

The reference input defines the span of the A/D converter and must be kept free of noise with respect to GND. 

6 

d out 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

7 

CLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

8 

Vcc 

Positive Supply 

This supply must be kept free of noise and ripple by bypassing directly to the analog ground plane. 
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LTC1292/LTC1297 

SLOCK dirgrrri 



T€ST CIRCUITS 


On and Off Channel Leakage Current 



Voltage Waveforms for Dqut Delay Time, tdoo 



Voltage Waveforms for Dqut Rise and Fall Times, t r , tf 


Load Circuit for tdj S and t en 

TEST POINT 



5Vt dis WAVEFORM 2, ten 
t dis WAVEFORM 1 


LTC1 292/7 TC02 


Load Circuit for tdoo, t r and tf 

1.4V 



TEST POINT 


LTC1 292/7 TC03 



Voltage Waveforms for f d j S 



NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
LTC1292/7 tco6 THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 


6-188 


rr unm 

JtLmJ TECHNOLOGY 














LTC1292/LTC1297 


T€ST CIRCUITS 


cs 


Voltage Waveforms for t en 


CLK 


Dqut 







"" V / B11 

0.8V / 

t„„ ' LTC1292/7 TC07 

l en ^ 


nppucRTions inFonmnnon 

The LTC1 292/LTC1 297 are data acquisition components 
which contain the following functional blocks: 

1 . 1 2-Bit Succesive Approximation Capacitive A/D 
Converter 

2. Differential Input 

3. Sample-and-Hold (S/H) 

4. Synchronous, Half-Duplex Serial Interface 

5. Control and Timing Logic 

DIGITAL CONSIDERATIONS 
Serial Interface 

The LTC1 292/LTC1 297 communicate with microproces- 
sors and other external circuitry via a synchronous, half- 
duplex, three-wire serial interface (see Operating Se- 
quence). The clock (CLK) synchronizes the data transfer 
with each bit being transmitted on the falling CLK edge. 
The LTC1 292/LTC1 297 do not require a configuration 
input word and have no Din pin. They are permanently 
configured to have a single differential input and to per- 
form a unipolar conversion. A falling CS initiates data 
transfer. To allow the LTC1297 to recover from the power 
shutdown mode, t su cs has to be met. Then the first CLK 
pulse enables Dout- After one null bit, the A/D conversion 
result is output on the Dout line with a MSB-first sequence 
followed by a LSB-first sequence. With the half-duplex 
serial interface the Dout data is from the current conver- 
sion. This provides easy interface to MSB-first or LSB-first 


serial ports. Bringing CS high resets the LTC1 292/LTC1 297 
for the next data exchange and puts the LTC1297 into its 
power shutdown mode. 


Table 1. Microprocessor with Hardware Serial Interfaces 
Compatible with the LTC1 292/LTC1 297* * 


PART NUMBER 

TYPE OF INTERFACE 

Motorola 


MC6805S2, S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 


CDP68HC05 

SPI 

Hitachi 


HD6305 

SCI Synchronous 

HD6301 

SCI Synchronous 

HD63701 

SCI Synchronous 

HD6303 

SCI Synchronous 

HD64180 

SCI Synchronous 

National Semiconductor 


COP400 Family 

MICROWIREt 

COP800 Family 

MCROWIRE/PLUSt 

NS8050U 

MICROWIRE/PLUS 

HPC16000 Family 

MICROWIRE/PLUS 

Texas Instruments 


TMS7002 

Serial Port 

TMS7042 

Serial Port 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 

TMS32011* 

Serial Port 

TMS32020* 

Serial Port 

TMS370C050 

SPI 


* Requires external hardware 

** Contact factory for interface information for processors not on this list 
t MICROWIRE and MICROWIRE/PLUS are trademarks of National 
Semiconductor Corp. 
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nppiicnnons mFonmnnon 


LTC1292 Operating Sequence 



^■JlJTJTJTJnjnJlJlJTJTXIJTJTJlJnJTJTJTJlJlJlXLnJlJTJTJ'^H 



LTC1297 Operating Sequence 



Microprocessor Interfaces 

The LTC1 292/LTC1 297 can interface directly (without 
external hardware) to most popular microprocessors’ 
(MPU) synchronous serial formats (see Table 1). If an 
MPU without a dedicated serial port is used , then three of 
the MPU’s parallel port lines can be programmed to form 
the serial link to the LTC1 292/LTC1 297. Included here are 
one serial interface example and one example showing a 
parallel port programmed to form the serial interface. 



Figure 1. Data Exchange Between LTC1292 and MC68HC11 


Motorola SPI (MC68HC11) 

The MC68HC1 1 has been chosen as an example of an MPU 
with a dedicated serial port. This MPU transfers data MSB 
first and in 8-bit increments. Adummy Dim word sentto the 
data reg ister starts the SPI process. With two 8-bit transfers, 
the A/D result is read into the MPU (Figure 1). For the 
LTC1 292 the first 8-bit transfer clocks B1 1 through B8 of 
the A/D conversion result into the processor. The second 
8-bit transfer clocks the remaining bits B7 through BO into 
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ANALOG 

INPUTS 



LOCATION #61 

LOCATION #62 


D 0 ut FROM LTC1 292 STORED ON yC68HC1 1 RAM 

BYTE 1 

BYTE 2 

LTCia9J/7 F02 


MSB 


E 

0 

0 

0 

B11 

BIO 

B9 

B8 


B7 

B6 

B5 

B4 

B3 

B2 


BO 


Figure 2. Hardware and Software Interface to Motorola MC68HC11 Microcontroller 


MC68HC11 CODE for LTC1292 Interface 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


LDAA 

#$50 

CONFIGURATION DATA FOR SPCR 


STAB 

$08, X 

DO GOES LOW (CS GOES LOW) 


STAA 

$1028 

LOAD DATA INTO SPCR ($1028) 


NOP 


6 NOPS FOR TIMING 


LDAA 

#$1B 

CONFIG. DATA FOR PORT D DDR 






STAA 

$1009 

LOAD DATA INTO PORT D DDR 


LDAA 

$1029 

CHECK SPI STATUS REG 


LDAA 

#$00 

LOAD DUMMY DIN WORD INTO 


LDAA 

$1 02A 

LOAD LTC1292 MSBs INTO ACC A 




ACC A 


STAA 

$61 

STORE MSBs IN $61 


STAA 

$50 

LOAD DUMMY DIN DATA INTO $50 


STAA 

$1 02A 

LOAD DUMMY DIN INTO SPI, 

LOOP 

LDX 

#$1000 

LOAD INDEX REGISTER X WITH 




START SCK 




$1000 


NOPS 


6 NOPS FOR TIMING 


LDAB 

#$00 

LOAD ACC B WITH $00 






LDAA 

$50 

LOAD DUMMY DIN INTO ACC A 


BSET 

$08,X,$01 

DO GOES HIGH (CS GOES HIGH) 




FROM $50 


LDAA 

$1029 

CHECK SPI STATUS REGISTER 


STAA 

$1 02A 

LOAD DUMMY DIN INTO SPI, 


LDAA 

$102A 

LOAD LTC1292 LSBsINACC 




START SCK 


STAA 

$62 

STORE LSBs IN $62 


NOP 


DELAY CS FALL TIME TO RIGHT 








JUSTIFY DATA 


JMP 

LOOP 

START NEXT CONVERSION 



the MPU. The data is right-justified in the two memory 
locations (Figure 2)^This was made possible by delaying 
the falling edge of CS till after the second CLK. ANDing the 
first byte with OFhex clears the four most significant bits. 
This operation was not included in the code. It can be 
inserted in the data gathering loop or outside the loop 
when the data is processed. 



For the LTC1 297 (Figure 3) a delay must be introduced to 
accommodate the setup time, t su gs, before the dummy 
Dim word is sent to the data register. The first 8-bit transfer 
clocks B1 1 through B6 of the A/D conversion result into 
the processor. The second 8-bit transfer clocks the re- 
maining bits B5 through BO into the MPU. Note B1 and B2 
from the LSB-first data word have also been clocked in. 


clk iwLnjiium 

d ° ut 1 | B11 | BIO | B9 | B8 | B7 | B6 [ ~ 


mruiruinji 


MPU 

RECEIVED WORD 




BYTE 1 




□ 

□ 

B11 

BIO 

B9 

B8 

B7 

B6 



H 

M 

B2 

B1 

[_B0j 

M 


| B3 




BYTE 2 





S 

| B4 

0 

B2 

B1 

H 

0 




Figure 3. Data Exchange Between LTC1297 and MC68HC11 
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ANALOG 

INPUTS 



LOCATION #61 

LOCATION #62 


D 0 ut FROM LTC1297 STORED ON MC68HC11 RAM 

BYTE 1 

BYTE 2 

ITC1292/7FW 


MSB 




0 

0 

B11 

BIO 

B9 

B8 


B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


Figure 4. Hardware and Software Interface to Motorola MC68HC11 Microcontroller 


MC68HC11 CODE for LTC1297 Interface 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


LDAA 

#$50 

CONFIGURATION DATA FOR SPCR 

LOOP1 

LDAA 

$1029 

CHECK SPI STATUS REG 


STAA 

$1028 

LOAD DATA INTO SPCR ($1028) 


BPL 

LOOP1 

CHECK IF TRANSFER IS DONE 


LDAA 

#$1B 

CONFIG. DATA FOR PORT D DDR 


LDAA 

$102A 

LOAD LTC1297 MSBs INTO ACC A 


STAA 

$1009 

LOAD DATA INTO PORT D DDR 


STAA 

$61 

STORE MSBs IN $61 


LDAA 

#$00 

LOAD DUMMY DIN WORD INTO 


STAA 

$1 02A 

LOAD DUMMY DIN INTO SPI, 




ACC A 




START SCK 


STAA 

$50 

LOAD DUMMY DIN DATA INTO $0 

LOOP2 

LDAA 

$1029 

CHECK SPI STATUS RES 

LOOP 

LDX 

#$1000 

LOAD INDEX REGISTER X WITH 


BPL 

LOOP2 

CHECK IF TRANSFER IS DONE 




$1000 


BSET 

$08X,$01 

DO GOES HIGH (CS GOES HIGH) 


LDAB 

#$00 

LOAD ACC B WITH $00 


LDAA 

$102 A 

LOAD LTC1297 LSBs INTO ACC A 


LDAA 

$50 

LOAD DIN INTO ACC FROM $50 


STAA 

$62 

STORE LSBs IN $62 


BCLR 

$08,X,$01 

DO GOES LOW (CS GOES LOW) 


ROR 

$61 

ROTATE RIGHT WITH CARRY 


NOP 


3 NOP FOR t su cs TIMING 


ROR 

$62 

NEEDED TO RIGHT JUSTIFY 


NOP 




ROR 

$61 

THE DATA IN $61 AND $62 


NOP 




ROR 

$62 



STAA 

$102 A 

LOAD DUMMY DIN INTO SPI, 


JMP 

LOOP 

START NEXT CONVERSION 




START CLK 






The data is right- justified in the two memory locations by 
rotating right twice (Figure 4). ANDing the first byte with 
OFhex clears the four most significant bits. This operation 
was not included in the code. It can be inserted in the data 
gathering loop or outside the loop when the data is 
processed. 

Interfacing to the Parallel Port of the Intel 8051 Family 

The Intel 8051 has been chosen to show the interface 
between the LTC1292/LTC1297 and parallel port 
microprocessors. The signals CS and CLK are generated 


on two port lines and the Dqut signal is read on a third port 
line. After a falling CLK edge each data bit is loaded into the 
carry bit and then rotated into the accumulator. Once the 
first 8 MSBs have been shifted into the accumulator they 
are loaded into register R2. The last four bits are shifted in 
the same way and loaded into register R3. The output data 
is left-justified in registers R2 and R3 (Figure 5). 

Forthe LTC1297 four NOPs need to be inserted in the 8051 
code after CS goes low to allow the LTC1297 to wake up 
from power shutdown (t su c§). 
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Dqut 


pi.i 


Dqut FROM LTC1 292/LTC1 297 STORED IN 8051 RAM 
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R3 


MSB 


B11 

BIO 
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B8 
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B2 

B1 

BO 
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JL 

JL 
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Figure 5. Hardware and Software Interface to Intel 8051 Processor 


8051 CODE 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


MOV 

PI ,#02h 

BIT 1 PORT 1 SET AS INPUT 


CLR 

A 

CLEAR ACC 


CLR 

PI .3 

CLK GOES LOW 


RLC 

A 

ROTATE DATA BIT (B3) INTO ACC 


SETB 

PI .4 

CS GOES HIGH 



SETB 

PI .3 CLK GOES HIGH 

CONT 

CLR 

PI .4 

CS GOES LO 


CLR 

PI .3 

CLK GOES LOW 


NOP 


4 NOP FOR LTC1297 t su cs (Wakeup 


MOV 

C.P1.1 

READ DATA BIT INTO CARRY 


NOP 


Time) (Not Needed for LTC1292) 


RLC 

A 

ROTATE DATA BIT (B2) INTO ACC 


NOP 




SETB 

PI .3 

CLK GOES HIGH 


NOP 




CLR 

PI .3 

CLK GOES LOW 


SETB 

PI .3 

CLK GOES HIGH 


MOV 

C.P1.1 

READ DATA BIT INTO CARRY 


CLR 

PI .3 

CLK GOES LOW 


RLC 

A 

ROTATE DATA BIT (B1) INTO ACC 


SETB 

PI .3 

CLK GOES HIGH 


SETB 

PI .3 

CLK GOES HIGH 


CLR 

PI .3 

CLK GOES LOW 


CLR 

PI .3 

CLK GOES LOW 


MOV 

R4,#08H 

LOAD COUNTER 


MOV 

C.P1.1 

READ DATA BIT INTO CARRY 

LOOP 

MOV 

C.P1.1 

READ DATA BIT INTO CARRY 


SETB 

PI .4 

CS GOES HIGH 


RLC 

A 

ROTATE DATA BIT INTO ACC 


RRC 

A 

ROTATE DATA BIT (BO) INTO ACC 


SETB 

PI .3 

CLK GOES HIGH 


RRC 

A 

ROTATE RIGHT INTO ACC 


CLR 

PI .3 

CLK GOES LOW 


RRC 

A 

ROTATE RIGHT INTO ACC 


DJNZ 

R4.L00P 

NEXT BIT 


RRC 

A 

ROTATE RIGHT INTO ACC 


MOV 

R2,A 

STORE MSBs IN R2 


MOV 

R3,A 

STORE LSBs IN R3 


MOV 

C.P1.1 

READ DATA BIT INTO CARRY 


AJMP 

CONT 

START NEXT CONVERSION 



Sharing the Serial Interface 

The LTC1 292/LTC1 297 can share the same two-wire 
serial interface with other peripheral componentsor other 
LTC1 292/LTC1 297s (Figure 6). In this case, the CS signals 
decide which LTC1292 is being addressed by the MPU. 


ANALOG CONSIDERATIONS 
Grounding 

The LTC1 292/LTC1297 should be used with an analog 
ground plane and single point grounding techniques. Do 
not use wire wrapping techniques to breadboard and 
evaluate the device. To achieve the optimum performance 
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2-WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR 
LTC1292/LTC1297S 


2 CHANNELS 2 CHANNELS 2 CHANNELS 


LTCI292/7 FU6 



Figure 6. Several LTC1292/LTC1297S Sharing One 2-Wire Serial Interface 


Figure 7. Example Ground Plane 
tor the LTC1 292/LTC1 297 


use a PC board. The ground pin (Pin 4) should be tied 
directly to the ground plane with minimum lead length (a 
low profile socket is fine). Figure 7 shows an example of 
an ideal LTC1 292/LTC1 297 ground plane design fora two- 
sided board. Of course this much ground plane will not 
always be possible, but users should strive to get as close 
to this ideal as possible. 

Bypassing 

For good performance, Vcc must be free of noise and 
ripple. Any changes in the Vcc voltage with respect to 
ground during a conversion cycle can induce errors or 
noise in the output code. Vcc noise and ripple can be kept 
below 0.5mV by bypassing the Vcc pin directly to the 
analog ground plane with a minimum of 22pF tantalum 
capacitor and with leads as short as possible. The lead 
from the device to the Vcc supply also should be kept to a 



HORIZONTAL: 10ms/DIV 


Figure 8. Poor Vcc Bypassing. Noise and 
Ripple Can Cause A/D Errors 


minimum and the Vcc supply should have a low output 
impedance such as obtained from a voltage regulator 
(e.g., LT323A). For high frequency bypassing a 0.1 nF 
ceramic disk placed in parallel with the 22piF is 
recommended. Again the leads should be kept to a 
minimum. Figures 8 and 9 show the effects of good and 
poor Vcc bypassing. 

Analog Inputs 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1292/ 
LTC1297 have capacitive switching input current spikes. 
These current spikes settle quickly and do not cause a 
problem. If large source resistances are used or if slow 
settling op amps drive the inputs, take care to insure that 
the transients caused by the current spikes settle completely 
before the conversion begins. 



HORIZONTAL: lOps/DIV 


Figure 9. Good Vcc Bypassing Keeps 
Noise and Ripple on Vcc Below ImV 
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Source Resistance 

The analog inputs of the LTC1 292/LTC1 297 look like a 
1 0OpF capacitor (Cjn) in series with a 500L2 resistor (Ron) 
(Figures 1 0a and 1 0b). Cin gets switched between (+) and 
(-) inputs once during each conversion cycle. Large 
external source resistors and capacitances will slow the 
settling of the inputs. It is important that the overall RC 
time constant is short enough to allow the analog inputs to 
settle completely within the allowed time. 

“+” Input Settling 

The input capacitor for the LTC1292 is switched onto the 
“+” input during the sample phase (tsMPL, see Figures 1 1 a, 
1 1 b and 1 1 c). The sample period can be as short as t WH cs 
+ 1/2 CLK cycle or as long as %hcs + 1 1/2 CLK cycles 
before conversion starts. This variability depends on 
where CS falls relative to CLK. The voltage on the “+” input 
must settle completely withinthe sample period. Minimizing 
Rsource+ and Cl will improve the settling time. If large “+” 
input source resistance must be used, the sample time can 
be increased by using a slower CLK frequency. With the 
minimum possible sample time of 3.0ps, Rsource+ < 2.0k 
and Cl < 20pF will provide adequate settling time. 

The sample period for the LTC1297 starts on the falling 
edge of CS and ends on the falling edge of the first CLK 



Figure 10a. Analog Input Equivalent Circuit for the LTC1292 



Figure 10b. Analog Input Equivalent Circuit for the LTC1297 


(Figure 1 2). The length of the sample period is t su gs +0.5 
CLK cycles. Again, the voltage on the “+” input must settle 
completely within the sample period. If large “+” input 
source resistance must be used, the sample time can be 
increased by using a slower CLKf requency or by increasing 



“+” and Input Settling Windows 



1ST BIT TEST (-) INPUT MUST 
SETTLE DURING THIS TIME 



LTC1 292/7 FI la 

Figure 11a. Setup Time (t su cs) Is Met for the LTC1292 
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tWHCS 



(+) INPUT 
(-) INPUT 



Figure 11b. Setup Time (t su cs) Is Met for the LTC1292 


tWHCS 




LTC1 292/7 Flic 


Figure 11c. Setup Time (t su jjs) Is Not Met for the LTC1292 


tsuCS- With the minimum possible sample time of 6ps, 
Rsource+ < 5k and Cl < 20pF will provide adequate 
settling time. In general for both the LTC1 292 and LTC1 297 
keep the product of the total resistance and the total 
capacitance less than tsMPi/9. If this condition can not be 
met, then make Cl > 0.47pF (see RC Input Filtering 
section). 


Input Settling 

At the end of the sample phase the input capacitor switches 
to the input and the conversion starts (see Figures 11a, 
11b, 11c and 12). During the conversion, the “+” input 
voltage is effectively “held" by the sample-and-hold and 
will not affect the conversion result. It is critical that the 
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tWHCS 



1 ST BIT TEST (-) INPUT MUST 
SETTLE DURING THIS TIME 


(+) INPUT 

(-) INPUT 

Figure 12. V’ and input Settling Windows for the LTC1297 



LTC1292/7 F12 


input voltage be free of noise and settle completely 
during the first CLK cycle of the conversion. Minimizing 
r source _ and C2 will improve settling time. If large 
input source resistance must be used the time can be 
extended by using a slower CLK frequency. Atthe maximum 
CLK frequency of 1 MHz, Rsource - < 250Qand C2 < 20pF 
will provide adequate settling. 

Input Op Amps 

When driving the analog inputs with an op amp it is 
important that the op amp settles within the allowed time 
(see Figures 11a, 11b, 11c and 12). Again the V’and 
” input sampling times can be extended as described 
above to accommodate slower op amps. Most op amps 
including the LT1006 and LT1 01 3 single supply op amps 
can be made to settle well even with the minimum settling 
windows of 3.0ps for the LTC1292 or 6.0ps for the 
LTC1 297 (“+” input) and 1 ps input) that occurs at the 
maximum clock rate of 1MHz. Figures 13 and 14 show 
examples of both adequate and poor op amp settling. 



HORIZONTAL: 500ns/DIV 


Figure 13. Adequate Settling of Op Amp Driving Analog Input 



HORIZONTAL: 20|us/DIV 

Figure 14. Poor Op Amp Settling Can Cause A/D Errors 
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RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 15. For large values of Cp (e.g., IpF) the 
capacitive input switching currents are averaged into a net 
DC current. A filter should be chosen with a small resistor 
and large capacitor to prevent DC drops across the resistor. 
The magnitude of the DC current is approximately Iqc = 
1 0OpF x Vn\|/tcYc and is roughly proportional to Vin. When 
running the LTC1 292(LTC1 297) at the minimum cycle 
time of 16.5ps (20gs), the input current equals 30pA 
(25joA) at Vin = 5V. Here a filter resistor of 4£2 (5£2) will 
cause 0.1 LSB of full scale error. If a large filter resistor 
must be used, errors can be reduced by increasing the 
cycle time as shown in the typical performance 
characteristics curve Maximum Filter Resistor vs Cycle 
Time. 
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Figure 15. RC Input Filtering 
Input Leakage Current 

Input leakage currents also can create errors if the source 
resistance gets too large. For example, the maximum input 
leakage specification of 1 pA (at 1 25°C) flowing through a 
source resistance of 1 k will cause a voltage drop of 1 mV 
or 0.8LSB. This error will be much reduced at lower 
temperatures because leakage drops rapidly (see typical 
performance characteristics curve Input Channel Leakage 
Current vs Temperature). 


SAMPLE-AND-HOLD 
Single-Ended Input 

The LTC1 292/LTC1 297 provide a built-in sample-and- 
hold (S&H) function on the +ll\l input for signals acquired 
in the single-ended mode (-IN pin grounded). The sample- 
and-hold allows the LTC1292/LTC1 297 to convert rapidly 
varying signals (see typical performance characteristics 


curve of S&H Acquisition Time vs Source Resistance). The 
input voltage is sampled during the tsMPL time as shown 
in FigureJ 1 . The sampling interval begins at the rising 
edge of CS for the LTC1 292, and at the falling edge of CS 
for the LTC1 297, and continues until the falling edge of the 
CLK before the conversion begins. On this falling edge the 
S&H goes into the hold mode and the conversion begins. 

Differential Input 

With a differential inputthe A/D no longer converts a single 
voltage but converts the difference between two voltages. 
The voltage on the +IN pin is sampled and held and can be 
rapidly time-varying as in single-ended mode. The voltage 
on the -IN pin must remain constant and be free of noise 
and ripple throughout the conversion time. Otherwise the 
differencing operation will not be done accurately. The 
conversion time is 12 CLK cycles. Therefore a change in 
the -IN input voltage during this interval can cause 
conversion errors. For a sinusoidal voltage on the -IN 
input this error would be: 

V ERROR(MAX) = ( 2ltf (-IN) V PEAK)^^j 

Where f(_iM) is the frequency of the -IN input voltage, 
Vpeak is its peak amplitude and fax is the frequency of the 
CLK. Usually Verror will not be significant. For a 60Hz 
signal on the -IN input to generate a 0.25LSB error 
(300|iV) with the converter running at CLK = 1MHz, its 
peak value would have to be 66mV. Rearranging the above 
equation the maximum sinusoidal signal that can be 
digitized to a given accuracy is given as: 


%RROR(MAX)1 

f fCLkl 

v 27tVpEAK J 

l 12 J 


For 0.25LSB error (300pV) the maximum input sinusoid 
with a 5 V peak amplitude that can be digitized is 0.8Hz. 

Reference Input 

The voltage on the reference input of the LTC1292/ 
LTC1297 determine the voltage span of the A/D con- 
verter. The reference input has transient capacitive 
switching currents due to the switched-capacitor con- 
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version technique (see Figure 16). During each bit test 
of the conversion (every CLK cycle) a capacitive current 
spike will be generated on the reference pin by the A/D. 
These current spikes settle quickly and do not cause a 
problem. If slow settling circuitry is used to drive the 
reference input, take care to insure that transients 
caused by these current spikes settle completely during 
each bit test of the conversion. 



Figure 16. Reference Input Equivalent Circuit 



HORIZONTAL: Ijis/DIV 


Figure 17. Adequate Reference Settling (LT1027) 



Figure 18. Poor Reference Settling Can Cause A/D Errors 


Figures 1 7 and 1 8 show examples of both adequate and 
poor settling. Using a slower CLK will allow more time 
for the reference to settle. Even at the maximum CLK 
rate of 1MHz most references and op amps can be 
made to settle within the 1 ps bit time. For example the 
LT1027 will settle adequately. With a lOpF bypass 
capacitor at Vref the LT1021 can also be used. 

Reduced Reference Operation 

The effective resolution of the LTC1 292/LTC1 297 can 
be increased by reducing the input span of the con- 
verter. The LTC1 292/LTC1 297 exhibit good linearity 
over a range of reference voltages (see typical perfor- 
mance characteristics curves of Change in Linearity vs 
Reference Voltage). Care must be taken when operat- 
ing at low values of Vref because of the reduced LSB 
step size and the resulting higher accuracy requirement 
placed on the converter. Offset and noise are factors 
that must be considered when operating at low Vref 
values. The internal reference for Vref has been tied to 
the GND pin. Any voltage drop from the GND pin to the 
ground plane will cause a gain error. 

Offset with Reduced Vref 

The offset of the LTC1 292/LTC1 297 has a larger effect 
on the output code when the A/D is operated with a 
reduced reference voltage. The offset (which is typi- 
cally a fixed voltage) becomes a larger fraction of an 
LSB as the size of the LSB is reduced. The typical 
performance characteristics curve of Unadjusted Off- 
set Error vs Reference Voltage shows how offset in 
LSBs is related to reference voltage for a typical value 
of Vos- For example a Vqs of 0.1 mV, which is 0.1 LSB 
with a 5 V reference becomes 0.4LSB with a 1.25V 
reference. If this offset is unacceptable, it can be 
corrected digitally by the receiving system or by offset- 
ting the -IN input to the LTC1 292/LTC1 297. 

Noise with Reduced Vref 

The total input referred noise of the LTC1 292/LTC1 297 
can be reduced to approximately 200|aVp.p using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This 
noise is insignificant with a 5V reference input but will 
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become a larger fraction of an LSB as the size of the LSB 
is reduced. The typical performance characteristics 
curve of Noise Error vs Reference Voltage shows the 
LSB contribution of this 200pV of noise. 

For operation with a 5V reference, the 200^V noise is 
only 0.1 6LSB peak-to-peak. Here the LTC1 292/LTC1 297 
noise will contribute virtually no uncertainty to the 
output code. For reduced references, the noise may 
become a significant fraction of an LSB and cause 
undesirable jitter in the output code. For example, with 
a 1.25V reference, this 200p,V noise is 0.64LSB peak- 
to-peak. This will reduce the range of input voltages 
over which a stable output code can be achieved by 
0.64LSB. Now, averaging readings may be necessary. 

This noise data was taken in a very clean test fixture. 
Any setup induced noise (noise or ripple on Vcc, Vref 
or Vin) will add to the internal noise. The lower the 
reference voltage used, the more critical it becomes to 
have a noise-free setup. 

Gain Error Due to Reduced Vref 

The gain error of the LTC1 292/LTC1 297 is very good 
over a wide range of reference voltages. The error 
component that is seen in the typical performance 
characteristics curve Change in Gain Error vs Refer- 
ence Voltage is due to the voltage drop on the GND pin 
from the device to the ground plane. To minimize this 
error the LTC1 292/LTC1 297 should be soldered di- 
rectly onto the PC board. The internal reference point 
for Vref is tied to GND. Any voltage drop in the GND pin 
will make the reference voltage, internal to the device, 
less than what is applied externally (Figure 19). This 
drop is typically 420pV due to the product of the pin 



Icc I|k™ 


REFERENCE 

VOLTAGE 


LTC1 292/7 F19 


Figure 19. Parasitic Resistance in GND Pin 


resistance (Rpin) and the LTC1292/LTC1297 supply 
current. For example, with Vref= 1 .25 V this will result 
in a gain error change of -1 .OLSB from the gain error 
measured with Vref = 5V. 

LTC1292 AC Characteristics 

Two commonly used figures of merit for specifying the 
dynamic performance of the A/Ds in digital signal 
processing applications are the Signal-to-Noise Ratio 
(SNR) and the “Effective Number of Bits (ENOB)." SNR 
is the ratio of the RMS magnitude of the fundamental to 
the RMS magnitude of all the non-fundamental signals 
up to the Nyquist frequency (half the sampling fre- 
quency). The theoretical maximum SNR for a sine wave 
input is given by: 

SNR = (6.02N + 1 .76dB) 

where N is the number of bits. Thus the SNR depends 
on the resolution of the A/D. For an ideal 1 2-bit A/D the 
SNR is equal to 74dB. Fast Fourier Transform (FFT) 
plots of the output spectrum of the LTC1 292 are shown 
in Figures 20a and 20b. The input (f| N ) frequencies are 
1kHz and 28kHz with the sampling frequency (f s ) at 
58.8 kHz. The SNRs obtained from the plots are 73.0dB 
and 61.5dB. 

By rewriting the SNR expression it is possible to obtain 
the equivalent resolution based on the SNR measure- 
ment. 

. . 7SNR-1.76dB"i 


This is the effective number of bits (ENOB). For the 
example shown in Figures 20a and 20b, N = 11.8 bits 
and 9.9 bits, respectively. Figure 21 shows a plot of 
ENOB as a function of input frequency. The 2nd har- 
monic distortion term accounts for the degradation of 
the ENOB as f| M approaches f s /2. 

Figure 22 shows an FFT plot of the output spectrum for 
two tones applied to the input of the A/D. Nonlinearities 
in the A/D will cause distortion products at the sum and 
difference frequencies of the fundamentals and prod- 
ucts of the fundamentals. This is classically referred to 
as intermodulation distortion (IMD). 
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FREQUENCY (kHz) 

LTCI292/7 F2te 

Figure 20a. f !N = 1kHz, f s = 58.8kHz, SNR = 73.0dB 
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Figure 22. f, N1 = 5.1kHz, f )N2 = 5.6kHz, f s = 58.8kHz 
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Figure 20b. f IN = 28kHz, f s = 58.8kHz, SNR = 61 ,5dB 



Figure 21. LTC1292 ENOB vs Input Frequency 


Overvoltage Protection 

Applying signals to the LTC1292/LTC1297’s analog 
inputs that exceed the positive supply or that go below 
ground will degrade the accuracy of the A/D and possi- 
bly damage the devices. For example this condition 
would occur if a signal is applied to the analog inputs 
before power is applied to the LTC1 292/LTC1 297. An- 
other example is the input source is operating from 
different supplies of larger value than the LTC1292/ 
LTC1 297. These conditions should be prevented either 
with proper supply sequencing or by use of external 
circuitry to clamp or current limit the input source. 
There are two ways to protect the inputs. In Figure 23 
diode clamps from the inputs to \Iqc and GND are used. 
The second method is to put resistors in series with the 
analog inputs for current limiting. Limit the current to 
1 5mA per channel. The +IN input can accept a resistor 
value of 1 k but the -IN input cannot accept more than 
250T2 when clocked at its maximum clock frequency of 
1MHz. If the LTC1 292/LTC1 297 are clocked at the 
maximum clock frequency and 250Q is not enough to 
current limit the input source, then the clamp diodes are 
recommended (Figures 24a and 24b). The reason for 
the limit on the resistor value is that the MSB bit test is 
affected by the value of the resistor placed at the -IN 
input (see discussion on Analog Inputs and the typical 
performance characteristics Maximum CLK Frequency 
vs Source Resistance). 
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If Vqc and Vr E f are not tied together, then Vcc should 
be turned on first, then Vref- If this sequence cannot be 
met, connecting a diode from Vref to v cc is recom- 
mended (see Figure 25). 


1N4148 DIODES 



Figure 23. Overvoltage Protection with Clamp Diodes 



Figure 24a. Overvoltage Protection with 
Current Limiting Resistors 


Because a unique input protection structure is used on 
the digital input pins, the signal levels on these pins can 
exceed the device Vcc without damaging the device. 


1IM4148 DIODES 



Figure 24b. Overvoltage Protection with 
Diode Clamps and Current Limiting Resistor 



Figure 25. Separate Vqc and V R e F Supplies 
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A “Quick Look” Circuit for the LTC1292 

Users can get a quick look at the function and timing of 
the LTC1 292 by using the “Quick Look” circuit in Figure 
26. Vref is tied to Vcc- Vim is applied to the_+IN input 
and the -IN input is tied to the ground plane. CS is driven 
at 1/32 the clock rate by the CD4520 and Dout outputs 
the data. The output data from the Dout pin can be 
viewed on an oscilloscope that is set up to trigger on the 
falling edge of CS (Figure 27). Note the LSB data is 
partially clocked out before CS goes high. 



NULL MSB LSB LSB-FIRST DATA 

BIT (B11) (BO) (B1) 

VERTICAL: 5V/DIV 
HORIZONTAL: 2ps/DIV 

Figure 27. Scope Trace of the LTC1292 “Quick Look” 
Circuit Showing A/D Output 101010101010 (AAAhex) 


A “Quick Look” Circuit for the LTC1297 

A circuit similarto the one used forthe LTC1 292 can be 
used for the LTC1 297(Figure 28). A one shot has been 
generated with NAND gates, a resistor and capacitor to 
satisfy the setup time t su cs.Jhis can be eliminated if a 
slower clock is used. When CS goes low the one shot is 
triggered. This turns off the clock to the LTC1297 for a 
fixed time to meet t su c§. Oncejhe clock starts Dout is 
shifted out one bit at a time. CS is driven at 1/64 the 
clock rate by the 74HC393. The output data from the 
Dqut pin can be viewed on an oscilloscope that is set to 
trigger on the falling edge of CS. See Figure 29. 



NULL MSB LSB LSB-FIRST DATA 


BIT (B11) (B0) (B1) 

VERTICAL: 5V/DIV 
HORIZONTAL: 5ms/DIV 

Figure 29. Scope Trace of the LTC1297 “Quick Look” 
Circuit Showing A/D Output 101010101010 (AAAhex) 



22qF 

TANTALUM 



Figure 28. “Quick Look” Circuit for the LTC1297 
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LT C 1 292/ LT C 1 297 

nppucOTions inFORmnnon 

Opto-lsolated Temperature Monitor 

Amplification of sensor outputs is often required to 
generate a signal large enough to be properly digitized. 
For example, a J-type thermocouple provides only 
52piV/°C. The 5(i V offset of the LTC1050 chopper op 
amp generates less than 0.1 °C error (Figure 31). Cold 
junction compensation is provided by the LT1025A. 
(For more detail see LTC Design Note 5). 

In the opto-isolated interface two signals are generated 
from one. This allows a two-wire interface to the 
LTC1 292. A long high signal (>1 ms) on the CLKJN input 
allows the O.IjliF capacitorto discharge taking CS high. 
This resets the A/DJorthe next conversion. When CLK 
IN starts toggling, CS goes low and stays there until the 
next extended CLK IN high time. See Figure 30. 


ISOLATED 





Figure 31. Opto-lsolated Temperature Monitor 
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LT574A 


/yurm 

JBbmmJ TECHNOLOGY 


Complete 12-Bit 
A/D Converter 


F€RTUR€S 

■ Industry-Standard 574A Compatible 

■ Complete 12-Bit A/D Converter with Reference and 
Clock 

■ Improved Reference Output Current Capability 

■ 25ps Maximum Conversion Time 

■ Fast Bus Access Time 

■ 8- or 16-Bit Microprocessor Interface 

■ Guaranteed Linearity over Temperature 

rppiicrtiors 

■ Signal Processing 

■ Data Acquisition 

■ Process Monitoring and Control 


DCSCRIPTIOn 

The LT574A is a complete 12-bit A/D converter in the 
industry-standard 574A pinout. The 3-state output buffers 
interface directly to an 8- or 16-bit microprocessor bus. A 
high precision 10V reference and clock are included on- 
chip, and the device provides full-rated performance with- 
out external circuitry or clock signals. 

The LT574A provides several advantages over other 574A 
type devices. External load driving capability of the refer- 
ence has been improved to up to 8.5mA beyond the ADC 
current required. Maximum Vcc has been increased to 
22V and the reference can source full load current at a Vcc 
of 11.4V without requiring an external buffer. The refer- 
ence is trimmed to 1 0.00V with 0.2% maximum error and 
5ppm/°C typical TC. Bus timing specifications are signifi- 
cantly faster than original 574A specifications, easing 
microprocessor interface concerns. 


Tvpicni PCRFonmnncc 



Integral Linearity 


0.5 

0.4 

0.3 



0 500 1000 1500 2000 2500 3000 3500 4000 

CODE 
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LT574A 


flssoiuTc maximum rrtirgs 

Vqc to Digital Common OV to 22 V 

Vee to Digital Common OV to -16.5V 

Vlogic to Digital Common OV to 7 V 

Analog Common to Digital Common ±1V 

Digital Inputs to 

Digital Common -0.5V to Vlogic + 0.5V 

Analog Inputs (REF In, BIP Off, 10V (N ) 

to Analog Common Vee to 16.5V 

20V||\| to Analog common V E e to 24V 

REF Out Indefinite Short to Analog Common 

Momentary Short to Vcc 

Power Dissipation lOOOmW 

Junction Temperature 165°C 

Operating Temperature Range 

J, K, L Grades 0°C to 70°C 

Storage Temperature -65°C to 150°C 

Lead Temperature (Soldering, lOsec) 300°C 


PRCKRG€/ORD€R IRFORmRTIOR 



TOP VIEW 


ORDER PART 

v logic IX 

vy 

28] STATUS 

NUMBER 

12/8 [ T 


27] DB11 (MSB) 


cs |T 


26] DB10 

LT574AJN 

Ao [T 


2§] DB9 

LT574AKN 

R/C QT 


24] DB8 

LT574ALN 

CE [T 


23] DB7 


Vcc IX 


22] DB6 


REF OUT QT 


|T] DB5 


AGND [T 


20] DB4 


REFIN [TO 


T|] DB3 


Vee E 


TX DB2 


BIP OFF E 


17] DB1 


10V, N E 


16] DBO (LSB) 


20V, N E 


IX DGND 



N PACKAGE 




28-LEAD PLASTIC DIP 



Tjmax = 100°C, 0j A = 70°C/W 



CORV€RT€R CLCCTRICRL CHRRRCTCRISTICS 

T a = 25°C, V C c = 12V or 15V, V EE = -12V, V L ogic = 5V, unless otherwise specified. 


PARAMETER 

LT574AJ 

MIN TYP MAX 

LT574AK 

MIN TYP MAX 

LT574AL 

MIN TYP MAX 

UNITS 

Resolution 

• 

12 

12 

12 

Bits 

Integral Linearity Error 

• 

±1 

±0.5 

±0.5 

LSB 

Differential Linearity Error (minimum resolution for which 

• 

11 

12 

12 

Bits 

no missing codes are guaranteed) 






Unipolar Offset (adjustable to zero) 


±2 

±1 

±1 

LSB 

Bipolar Offset (adjustable to zero) 


±4 

±4 

±2 

LSB 

Full Scale Calibration Error (with fixed 50Q 


±10 

±10 

±4 

LSB 

REF OUT to REF IN (adjustable to zero) 






Temperature Coefficients 






Unipolar Offset 

• 

±2(10) 

±1(5) 

±1(5) 

LSB(ppm/°C) 

Bipolar Offset 

• 

±2(10) 

±1(5) 

±1(5) 

LSB(ppm/°C) 

Full Scale Calibration 

• 

±9(50) 

±5(27) 

±2(10) 

LSB(ppm/°C) 

Supply Sensitivity (change in full scale calibration) 






13.5V < V CC < 16.5V or 11.4V < V CC < 12.6V 

• 

±2 

±1 

±1 

LSB 

-1 6.5V < V EE < -1 3.5V or 1 2.6V < V EE < -1 1 .4V 

• 

±2 

±1 

±1 

LSB 

4.5V < V L ogic - 5.5V 

• 

±0.5 

±0.5 

±0.5 

LSB 

Input Ranges 






Unipolar 

• 

0 10 

0 10 

0 10 

V 



0 20 

0 20 

0 20 

V 

Bipolar 

_ 

-5 5 

-5 5 

-5 5 

V 


• 

-10 10 

-10 10 

-10 10 

V 

Input Impedance 






10V Span 

• 

3 5 7 

3 5 7 

3 5 7 

ka 

20V Span 

• 

6 10 14 

6 10 14 

6 10 14 
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LT574A 


mTCRnni R€F€R€RC€ 61 CCTRICRL CHARACTERISTICS 


PARAMETER 

LT574AJ 

MIN TYP MAX 

LT574AK 

MIN TYP MAX 

LT574AL 

MIN TYP MAX 

UNITS 

REF OUT Voltage (no load) 


9.98 

10.02 

9.98 10.02 

9.99 10.01 

V 

Line Regulation, 11.4 < Vim < 22 V 


1 

5 

1 5 

1 5 

ppm/V 


• 


10 

10 

10 

ppm /V 

Load Regulation (sourcing current), 0 < I 0 ut^ 10mA 


12 

30 

12 30 

12 30 

ppm/mA 


• 


50 

50 

50 

ppm/mA 

Reference Temperature Coefficient 

• 

50 | 

27 

10 

ppm/°C 


DIGITAL ROD DC €L€CTRICRL CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

LT574A, All Grades 

MIN TYP MAX 

UNITS 


Vlogic Supply Range 


• 

4.5 5.0 5.5 

V 


Vee Supply Range 


• 

-11.4 -16.5 

V 


Vcc Supply Range 


• 

11.4 22.0 

V 


Vlogic Operating Current 


• 

27 40 

mA 


Vee Operating Current 


• 

-15 -25 

mA 


Vcc Operating Current 


• 

1.7 3.5 

mA 


Power Dissipation 


• 

390 700 

mW 

V| H 

Logic High Input Voltage 

12/8, CE,A 0 , R/C, CE 

• 

2.0 5.5 

V 

V 1L 

Logic Low Input Voltage 

12/8, CE, A 0 , R/C, CE 

• 

-0.5 0.8 

V 

1 IN 

Logic Input Current 


• 

-100 100 

pA 

C|N 

Digital Input Pin Capacitance 



5 

PF 

VOH 

Logic Output Voltage 

■source ^ OOOflA 


2.4 

V 

VOL 

Logic Low Output Voltage 

'sinks 1.6mA 


0.4 

V 


Leakage Current 

High-Z State 


-20 20 

pA 

CoUT 

Output Capacitance 



5 

pF 


The • denotes the specifications which apply over the full operating 
temperature range. 


DIGITAL TimiflG ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vcc = 15V, V EE = -15V, V L qgic = 5V, unless otherwise specified. 



SYMBOL 

PARAMETER 

LT574A, All Grades 

MIN TYP MAX 

UNITS 

Read Timing, Full Control Mode 

tDD 

Access Time (from CE) 

75 150 

ns 

tHD 

Data Valid After CE Low 

25 

ns 

tHL 

Output Float Delay 

150 

ns 

*SSR 

CS-to-CE Setup 

50 

ns 

tSRR 

R/C-to-CE Setup 

0 

ns 

*SAR 

AO-to-CE Setup 

50 

ns 

tHSR 

CS Valid After CE Low 

50 

ns 

tHRR 

R/C High After CE Low 

0 

ns 

Ihar 

Aq Valid After CE Low 

50 

ns 
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LT574A 


DIGITAL TimiflG ELECTRICAL CHARACTERISTICS 


Ta = 25°C, Vcc = 15V, V E e = -15V, Vlogic = 5V, unless otherwise specified. 
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SECTION 6— DATA CONVERSION 

DIGITAL TO ANALOG CONVERTERS 

LTC1257, Complete Single Supply 12-Bit Voltage Output DAC in SO-8 6-210 
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rj un 

TECHNOLOGY Complete Single Supply 

1 2-Bit Voltage Output 
DAC in SO-8 



FCATUACS 

■ 8-Pin SO Package 

■ Buffered Voltage Output 

■ Built-In 2.048V Reference 

■ SOOpV/LSB with 2.048V Full Scale 

■ 1/2 LSB Max DNL Error 

■ Guaranteed 12-Bit Monotonic 

■ Three-Wire Cascadable Serial Interface 

■ Wide Single Supply Range: Vcc = 4.75V to 15.75V 

■ Low Power: Ice Typ = 350pA with 5 V Supply 

nppucmions 

■ Digital Offset/Gain Adjustment 

■ Industrial Process Control 

■ Automatic Test Equipment 


DCSCAIPTIOA 

The LTC1257 is a complete single supply, 12-bit voltage 
output D/A converter (DAC) in an SO-8 package. The 
LTC1257 includes an output buffer amplifier, 2.048V 
voltage reference and an easy to use three-wire cascadable 
serial interface. An external reference can be used to 
override the internal reference and extend the output 
voltage range to 12V. The power supply current is a low 
350pA when operating from a 5V supply, making the 
LTC1 257 ideal for battery-powered applications. The space- 
saving 8-pin SO package and operation with no external 
components provide the smallest 12-bit D/A system 
available. 


TYPICAL Application 


Daisy Chained Control Outputs 


0.1|xF 

CONTROL OUTPUT 1 

0.1 nF 

CONTROL OUTPUT 2 


5 V 



1257 TA01 


Differential Nonlinearity 
vs Input Code 



0 512 1024 1536 2048 2560 3072 3584 4096 

CODE 


6-210 
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LTC1257 


absolute mnximum ratirgs 

V cc to GND -0.5V to 16.5V 

TTL Input Voltage -0.5V to Vcc + 0.5V 

V 0U T -0.5V to V cc + 0.5V 

REF -0.5V to V cc + 0.5V 


Operating Temperature Range 

LTC1257C 0 Cto 70 C 

LTC1257I -40 C to 85 C 

Maximum Junction Temperature 

Plastic Package -65°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER lAFORfflATlOA 




TOP VIEW 


ORDER PART 
NUMBER 

clk[T 

DinE 

load[T 

DqutE 

w 

T] Vcc 

T] VoUT 

I] REF 
]f] GI\ID 

LTC1257CN8 

LTC1257IN8 

N8 PACKAGE 

8-LEAD PLASTIC DIP 

Tjmax = 125°C, e JA = 100°C/W 



TOP VIEW 







LTC1257CS8 

clk[T 



I] Vcc 

LTC1257IS8 

DinE 



j } V 0 UT 


load[T 



T]ref 

S8 PART MARKING 

DqutE 



T] GND 



S8 PACKAGE 


1257C 

8-LEAD PLASTIC SOIC 

12571 

Tjmax 

= 125°C, 0 JA = 150°C/W 


Consult factory for Military grade parts. 


electrical characteristics Vcc = 4.75V to 15.75V, internal or external reference 

(2.475V < V REF < V C c - 2.7V), Iqut ^ 2mA, T A = Tmin to T M ax, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

DAC 


Resolution 


• 

12 

Bits 

DNL 

Differential Nonlinearity 

Guaranteed Monotonic 


±0.5 

LSB 

INL 

Integral Nonlinearity 

LTC1257C 

• 

±3.5 

LSB 



LTC1257I 


±4.0 

LSB 

OFF 

Offset Error 

When Using Internal Reference, LTC1257C 

• 

±8 

LSB 



When Using Internal Reference, LTC1257I 

• 

±10 

LSB 



When Using External Reference, LTC1257C 

• 

±4 

mV 



When Using External Reference, LTC1257I 

• 

±5 

mV 

OFFjc 

Offset Error Tempco 

When Using Internal Reference (Note 1) 

• 

±0.02 ±0.066 

LSB/°C 



When Using External Reference (Note 1) 


±15 ±30 

[rV/°C 

FSE 

Full-Scale Error 


• 

0.5 ±2 

LSB 

FSEjc 

Full-Scale Error Tempco 

(Note 1) 

• 

±0.01 ±0.02 

LSB/°C 


Reference 



Reference Output Voltage 

Iout = 0, LTC1257C 
l 0U T = 0, LTC1257I 

• 

2.028 2.048 2.068 

2.018 2.078 

V 

V 


Reference Output Tempco 

■OUT = 0 

• 

±0.06 

LSB/°C 


Reference Line Regulation 

I OU t = 0, LTC1257C 
l OU T = 0, LTC1257I 

• 

• 

±0.4 

±0.7 

LSB/V 
LSB /V 


Reference Load Regulation 

0 < Iout - 100|iA 

• 

±1 

LSB 


Reference Input Range 

Vcc >V REF + 2.7V 

• 

2.475 12 

V 


Reference Input Resistance 


• 

8 14 18 

kQ 


Reference Input Capacitance 

(Note 1) 


15 

pF 


Short-Circuit Current 

Vqut Shorted to GND 

• 

90 

mA 
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LTC1257 


€l€CTMCAL CHARACTERISTICS Vcc = 4.75V to 15.75V, internal or external reference 


(2.475V 5 

^Vref< Vcc -2.7V), Iout^2itiA, Ta = Tmin to Tmax- unless otherwise noted. 





SYMBOL 

PARAMETER 

CONDITIONS i 

MIN TYP 

MAX 

UNITS 

Power Supply 

VCC 

Positive Supply Voltage 

For Specified Performance 

• 

4.75 

15.75 

V 

■cc 

Supply Current 

4.75V < V cc < 5.25V 

• 

350 

600 

pA 



4.75V < V cc < 15.75V 

• 

800 

1500 

pA 


Op Amp DC Performance 



Short-Circuit Current Low 

Vout Shorted to GND 

• 

60 

mA 


Short-Circuit Current High 

Vout Shorted to Vcc 

• 

60 

mA 


Output Impedance to GND 

Input Code = 0 

• 

150 300 

Q 


AC Performance 



Voltage Output Slew Rate 

5kQ in Parallel with lOOpF 

• 

1.0 

V/ps 


Voltage Output Settling Time 

To +1/2LSB, 5kQ in Parallel with lOOpF 

• 

6 

ps 


Digital Feedthrough 

(Notes 1,2) 


50 

nV/s 


Digital I/O 


V| H 

Digital Input High Voltage 


• 

2.4 

V 

V|L 

Digital Input Low Voltage 


• 

0.8 

V 

VoH 

Digital Output High Voltage 

•out = ~1 mA, Dout Only 

• 

Vcc~ 1 

V 

V OL 

Digital Output Low Voltage 

Iout = 1mA, Dout Only 

• 

0.4 

V 

•leak 

Digital Input Leakage 

V||\| = GND to Vcc 

• 

±10 

pA 

C|N 

Digital Input Capacitance 

(Note 1 ) 

• 

10 

PF 


Switching (Note 1) 


tl 

Din Valid to CLK Setup 


• 

150 

ns 

t2 

D| N Valid to CLK Hold 


• 

0 

ns 

t3 

CLK High Time 


• 

350 

ns 

t4 

CLK Low Time 


• 

350 

ns 

t5 

LOAD Pulse Width 


• 

150 

ns 

t6 

LSB CLK to LOAD 


• 

0 

ns 

t7 

LOAD High to CLK 


• 

0 

ns 

t8 

Dout Output Delay 

Cload = 1 5pF 

• 

150 

ns 

f CLK 

Maximum Clock Frequency 



1.4 

MHz 


The • denotes specifications which apply over the full operating Note 1 : Guaranteed by design; not subject to test, 

temperature range. Note 2: DAC switched from all 1 s to all Os, and all Os to all 1 s code. 
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LTC1257 


Tvpicfli P€RFOfimnnc€ CHRRncTemsucs 


Differential Nonlinearity (DNL) 



0 512 1024 1536 2048 2560 3072 3584 4096 

CODE 

1257 TA05 


Reference Compensation 
Resistance vs C L 



0.01 0.1 1 10 100 


Cl(hF) 

1257 G11 


Broadband Noise 


— i — i — i — i — 
CODE = FFFH 
-BW = 3HzTO 1MHz 
GAIN = IIOOx 



TIME = 5ms/DIV 

1257 G1 2 


pm Funcnons 

CLK: The TTL level input for the serial interface clock. 

Din: TheTTL level input for the serial interface data. Data 
on the Dim pin is latched into the shift register on the rising 
edge of the serial clock. 

LOAD: The TTL level input for the serial interface load 
control. Data is loaded from the shift register into the D AC 
register, thus updating the DAC output when LOAD is 
pulled low. The DAC register is transparent as long as 
LOAD is held low. 

Dout : The output of the shift register which becomes valid 
on the rising edge of the serial clock. The Dout pin is driven 
from 6ND to Vcc by an internal CMOS inverter. Multiple 
LTC1 257s may be cascaded by connecting the D 0 ut pin to 
the Dim pin of the next chip. 


GND: Ground. 

REF: The output of the 2.048V reference and the input to 
the DAC resistor ladder. An external reference with voltage 
from 2.475V to Vcc - 2.7V may be used to override the 
internal reference. 

Vout: The buffered DAC output is capable of sourcing 
2mA over temperature while pulling within 2.7 V of Vcc- 
The output will pull to ground through an internal 200L2 
equivalent resistance. 

Vcc: The positive supply input. 4.75V < Vcc ^ 15.75V. 
Requires a bypass capacitor to ground. 
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LSB: The least significant bit orthe ideal voltage difference 
between two successive codes. 

LSB = (V FS - V 0S )/2 n - 1 
n = The number of digital input bits 
Vos = The zero code error or offset of the DAC 
Vps = The full-scale output voltage of the DAC 
measured when all bits are set to 1 

Resolution: The resolution is the number of DAC output 
states (2 n ) that divide the full-scale range. The resolution 
does not imply linearity. 

INL: End-point integral nonlinearity is the maximum de- 
viation from a straight line passing through the end-points 
of the DAC transfer curve. Because the part operates from 
a single supply and the output cannot go below ground, 
the linearity is measured between full-scale and the first 
code that guarantees a positive output. The INL error at a 
given input code is calculated as follows: 

INL = (V 0ut -V| D eal)/LSB 
Videal= (Code x LSB) + Vqs 
Vqut = The output voltage of the DAC measured at 
the given input code 

DNL: Differential nonlinearity is the difference between 
the measured change and the ideal 1 LSB change between 
any two adjacent codes. The DNL error between any two 
codes is calculated as follows: 


Offset Error: The theoretical voltage at the output when 
the DAC is loaded with all zeros. The output amplifier can 
have a true negative offset, but because the part is oper- 
ated from a single supply, the output cannot go below 
ground. If the offset is negative, the output will remain near 
OV resulting in the transfer curve shown in Figure 1 . 


OUTPUT 

VOLTAGE 


NEGATIVE f 
OFFSET l 



DAC CODE 


Figure 1. Effect of Negative Offset 


The offset of the part is measured at the first code that 
produces an output voltage 0.5LSB greater than the pre- 
vious code: 


V 0S = Vqut - [(Code x V FS )/(2 n - 1 )] 

Full-Scale Error: Full-scale error is the difference be- 
tween the ideal and measured DAC output voltages with all 
bits set to one (Code = 4095). The full-scale error includes 
the offset error and is calculated as follows: 


FSE = (Vout-V| DE al)/LSB 
V | DEAL = [VreF X (1 - 2" n )] - V 0S 
Vref = The reference voltage, either internal or 
external 


DNL = (AV out - LSB)/LSB 
aVout = The measured voltage difference between 
two adjacent codes 


Digital Feedthrough: The glitch that appears atthe analog 
output caused by AC coupling from the digital inputs when 
they change state. The area of the glitch is specified in 
nV x sec. 
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LTC1257 


OPCRflTlOH 

Serial Interface 

The data on the input is loaded into the shift register 
on the rising edge of the clock. The MSB is loaded first and 
the LSB last. T he DAC register loads the data from the shift 
register when L OAD is pulled low, and remains transpar- 
ent until LOAD is pulled high and the data is latched. 

An internal 5 V regulator provides the supply for the digital 
logic. By limiting the internal digital signal swings to 5 V, 
digital noise is reduced. The buffered output of the 12-bit 
shift register is available on the Dout pin which will swing 
from GND to Vcc- 

Multiple LTC1257s may be daisy chained together by 
connecting the Dout pin to the Din pin of the next chip, 
while the clock and load signals remain common to all 
chips in the daisy c hain. T he serial data is clocked to all of 
the chips, then the LOAD signal is pulled low to update all 
of them simultaneously. The maximum clocking rate is 
1.4MHz. 


Reference 

The LTC1 257 includes an internal 2.048V reference, mak- 
ing 1 LSB equal to 500p.V. The internal reference output is 
turned off when the pin is forced above the reference 
voltage, allowing an external reference to be connected to 
the reference pin. The external reference must be greater 
than 2.475V and less than V cc - 2.7V, and be capable of 
driving the 10k minimum DAC resistor ladder. 

If the reference output is driving a large capacitive load, a 
series resistor must be added to insure stability. For any 
capacitive load greaterthan IjoF, a 10n series resistor will 
suffice. 

Voltage Output 

The LTC1 257 voltage output is able to pull within 2.7 V of 
Vcc while sourcing 2mA. A internal NMOS transistor with 
a 200n equivalent impedance pulls the output to ground. 
The output is protected against short circuits and is able 
to drive up to a 500pF capacitive load without oscillation. 
If digital noise on the output causes a problem, a simple 
lOOn, 0.1 juF RC circuit can be used to filter the noise. 



TVPicm. nppucnuons 

DAC with External Reference Filtering V REF and Vout 
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VOLTAGE REFERENCES 

Listed by Temperature Drift (T.C.) and Initial Accuracy 


1 .25V Output 

T.C. 

ACCURACY 

L *LT1034B-1.2 
* LT 1 034-1 .2 
*LT1 004-1 .2 
*LM385B-1.2 
*LM385-1.2 

*LT1 004-1.2 
*LT1034B-1 .2 
*LT1 034-1.2 
*LM385B-1.2 
*LM385-1.2 

2.5V Output 

T.C. 

ACCURACY 

1— LT1019C-2.5 
LT1 009C-2.5 
LT580M 

LT1 034B-2.5 
LT580L 
*LT1 004C-2.5 
LT1 034-2.5 
LT580K 
*LM385B-2.5 
LM336B-2.5 
*LM385-2.5 
LM336-2.5 

LT580M 
LT1019C-2.5 
LT1 009-2.5 
LT580L 

LT1 034-2.5 
LT580K 
*LT 1 004C-2.5 
*LM385B-2.5 
*LM385-2.5 
LT580J 
LM336B-2.5 
LM336-2.5 

4.5V Output 

T.C. 

ACCURACY 

1— LT1019C-4.5 

LT1019C-4.5 

5.0V Output 


T.C. 

ACCURACY 

L LT1027A-5 

LT1027A-5 

LT1027B-5 

LT1027B-5 

LT1027C-5 

LT1027C-5 

LT1027D-5 

LT1021C-5 

LT1021B-5 

LT1027D-5 

LT1027E-5 

LT1027E-5 

LT 1 01 9-5 

REF-02E 

LT1029A 

LT1019-5 

REF-02E 

LT1021B-5 

REF-02H 

LT1021D-5 

LT1021C-5 

LT1029A 

LT1021D-5 

REF-02H 

LT1029 

LT1029 

REF-02C 

REF-02C 

REF-02D 

REF-02D 


6.9V to 6.95V Output 


T.C. 

ACCURACY 

LTZ1000 

LM329A 

LM399A 

LTZ1000 

LM399 

LM329B 

LM329A 

LM329C 

LM329B 

LM329D 

LM329C 

LM299A 


7V Output 


T.C. ACCURACY 

L- LT1021B-7 LT1021B-7 

LT1021D-7 LT1021D-7 

LT 1 034 LT 1 034 


10V Output 


T.C. 

ACCURACY 

- LT1021C-10 

LT1021B-10 

LT1031C 

LT1031B-10 

LT581K 

REF-01 E 

LT 1 01 9-1 0 

LT1031C 

LT1031D 

LT581K 

LT581J 

LT1019-10 

REF-01 E 

LT1021C-10 

LT1 021B-10 

LT1021D-10 

LT1021D-10 

LT1031D 

LT1031B 

REF-01 H 

REF-01 H 

LT581J 

REF-01 C 

REF-01 C 


*Micropower 



rjwm 

TECHNOLOGY 


7-3 




















VOLTAGE REFERENCE SELECTION GUIDE 


Commercial o->cto7o°c 


VOLTAGE 

Vz 

(V) 

VOLTAGE 

TOLERANCE 

MAXIMUM 

T A = 25°C 

PART NUMBER 

TEMPETATURE 
DRIFT, ppm/°C 

OR mV CHANGE 

MIL/IND 

TEMP 

OPERATING 
CURRENT RANGE 
(OR SUPPLY CURRENT) 

PACKAGE 

TYPE 

IMPORTANT FEATURES 

1.235 

±0.32% 

LT1 004-1.2 

20ppm (typ) 

M, 1 

10p.A to 20mA 

H.S.Z 

Micropower 


±1% 

LT1034B-1.2 

20ppm (max) 

M, 1 

20pA to 20mA 

H, S, Z 

Low TC Micropower with 








7 V Aux Reference 


±1% 

LT1034-1.2 

40ppm (max) 

M, 1 

20pA to 20mA 

H, S, Z 

Low TC Micropower with 








7V Aux Reference 


±2% 

LM385-1 .2 

20ppm (typ) 

M, 1 

1 5}xA to 20mA 

H, Z 

Micropower 


±1% 

LM385B-1.2 

20ppm (typ) 

M 

1 5pA to 20mA 

H, Z 

Micropower 

2.5 

±0.8% 

LT1 004-2.5 

20ppm (typ) 

M, 1 

20^iA to 20mA 

H, S, Z 

Micropower 


±0.2% 

LT1009 

6mV (max) 

M, 1 

400(iAto 10mA 

H, Z 

Precision 


±0.4% 

LT1009S8 

25ppm (max) 

M, 1 

400(iA to 20mA 

S 

Precision 


±0.05% 

LT1019A-2.5 

5ppm (max) 

M 

1.0mA 

H, N 

Precision Bandgap 


±0.2% 

LT1 01 9-2.5 

20ppm (max) 

M, 1 

1.2mA 

H, N, S 

Precision Bandgap 


±1% 

LT1034B-2.5 

20ppm (max) 

M, 1 

20pA to 20mA 

H.S.Z 

Low TC Micropower with 








7 V Aux Reference 


±1% 

LT1 034-2.5 

40ppm (max) 

M, 1 

20p,A to 20mA 

H, S,Z 

Low TC Micropower with 








7 V Aux Reference 


±4% 

LM336-2.5 

6mV (max) 

M 

400pA to 10mA 

H, Z 

General Purpose 


±2% 

LM336B-2.5 

6m V (max) 

M 

400pA to 10mA 

H, Z 

General Purpose 


±3% 

LM385-2.5 

20ppm (typ) 

M, 1 

20pA to 20mA 

H, Z 

Micropower 


±1.5% 

LM385B-2.5 

20ppm (typ) 

M 

20pA to 20mA 

H, Z 

Micropower 


±3% 

LT580J 

85ppm (max) 


1.5mA 

H 

3 Terminal Low Drift 


±1% 

LT580K/K 

40ppm (max) 

M 

1.5mA 

H 

3 Terminal Low Drift 


±0.4% 

LT580L/U 

25ppm (max) 

M 

1.5mA 

H 

3 Terminal Low Drift 


±0.4% 

LT580M 

lOppm (max) 


1.5mA 

H 

3 Terminal Low Drift 

4.5 

±0.05% 

LT1019A-4.5 

5ppm (max) 

M 

1.2mA 

H, N 

Precision Bandgap 


±0.2% 

LT1 01 9-4.5 

20ppm (max) 

M, 1 

1.2mA 

H, N, S 

Precision Bandgap 

5.0 

±0.05% 

LT1019A-5 

5ppm (max) 

M 

1.2mA 

H, N 

Precision Bandgap 


±0.2% 

LT1019-5 

20ppm (max) 

M, 1 

1.2mA 

H, N, S 

Precision Bandgap 


±1% 

LT1021B-5 

5ppm (max) 

M, 1 

1.2mA 

H, N 

Very Low Drift 


±0.05% 

LT1021C-5 

20ppm (max) 

M, 1 

1.2mA 

H, N 

Very Tight Initial Tolerance 


±1% 

LT1021D-5 

20ppm (max) 

M, 1 

1.2mA 

H, J, l\l, S 

Low Cost, High Performance 


±0.02% 

LT1027A 

2ppm (max) 


2mA 

H 

Precision, Enhanced Dynamics 


±0.05% 

LT1027B 

2ppm (max) 


2mA 

H, l\l 

Precision, Enhanced Dynamics 


± 0.05% 

LT1027C 

3ppm (max) 


2mA 

H, N 

Precision, Enhanced Dynamics 


± 0.05% 

LT1027D 

5ppm (max) 


2mA 

N, H, S 

Precision, Enhanced Dynamics 


± 0.1% 

LT1027E 

7.5ppm (max) 


2mA 

N, H, S 

Precision, Enhanced Dynamics 


±0.2% 

LT1029A 

20ppm (max) 

M 

700|iAto 10mA 

H, Z 

Precision Bandgap 


±1% 

LT1029 

34ppm (max) 

M 

700|xAto 10mA 

H, Z 

Precision Bandgap 


±1% 

REF02C 

65ppm (max) 


1.6mA 

H, J,l\l 

Precision Bandgap 


±2% 

REF02D 

250ppm (max) 


2.0mA 

H, J, N 

Bandgap 


±0.3% 

REF02E/A 

8.5ppm (max) 

M 

1.4mA 

H, J, N 

Precision Bandgap 


±0.5% 

REF02H 

25ppm (max) 


1.4mA 

H, J, N 

Precision Bandgap 

6.9 

±3% 

LM329A 

lOppm (max) 

M 

600p.A to 15mA 

H, Z 

Low Drift 


±5% 

LM329B 

20ppm (max) 

M 

600p.A to 15mA 

H, Z 

Low Drift 


±5% 

LM329C 

50ppm (max) 

M 

600fxA to 15mA 

H, Z 

General Purpose 


±5% 

LM329D 

lOOppm (max) 


600|xA to 15mA 

H, Z 

General Purpose 


±4% 

LTZ1000 

O.lppm 


4mA 

H 

Ultra Low Drift, 








2ppm Long Term Stability* 

6.95 

±5% 

LM399 

2ppm (max) 

M 

500pA to 10mA 

H 

Ultra Low Drift 


±5% 

LM399A 

Ippm (max) 

M 

500^Ato10mA 

H 

Ultra Low Drift 

7.0 

±0.7% 

LT1021B-7 

5ppm (max) 

M 

1.0mA 

H, N 

Low Drift/Noise, Exc Stability 


±0.7% 

LT1021D-7 

20ppm (max) 

M 

1.0mA 

H, N, S 

Low Cost, High Performance 

10.0 

±0.05% 

LT1019A-10 

5ppm (max) 

M 

1.2mA 

H, N 

Precision Bandgap 


±0.2% 

LT1 019-10 

20ppm (max) 

M, 1 

1.2mA 

H, N, S 

Precision Bandgap 


±0.5% 

LT1 021B-10 

5ppm (max) 

M, 1 

1.7mA 

H, N 

Very Low Drift 


±0.05% 

LT1 021C-10 

20ppm (max) 

M, 1 

1.7mA 

H,N 

Very Tight Initial Tolerance 


±0.5% 

LT1021D-10 

20ppm (max) 

M, 1 

1.7mA 

H, N, S 

Low Cost, High Performance 


±0.05% 

LT1031B 

5ppm (max) 

M 

1.7mA 

H 

Very Low Drift 


±0.1% 

LT1031C 

15ppm (max) 

M 

1.7mA 

H 

Very Tight Initial Tolerance 


±0.2% 

LT1031D 

25ppm (max) 

M 

1.7mA 

H 

Low Cost, High Performance 


±0.3% 

LT581J/S 

30ppm (max) 

M 

1.0mA 

H 

3 Terminal Low Drift 


±0.1% 

LT581K/T 

15ppm (max) 

M 

1.0mA 

H 

3 Terminal Low Drift 


±0.05% 

LT581L/U 

5ppm (max) 

M 

1.0mA 

H 

3 Terminal Low Drift 


±1% 

REF01C 

65ppm (max) 

M 

1.6mA 

H, J, N 

Precision Bandgap 


±0.3% 

REF01E/A 

8.5ppm (max) 

M 

1.4mA 

H, J, N 

Precision Bandgap 


±0.5% 

REF01H 

25ppm (max) 


1.4mA 

H, J, N 

Precision Bandgap 


*LTZ1000 requires external control and biasing circuits. 
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LT1034-1.2/LT1034-2.5 
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Micropower Dual Reference 


F€RTUR€S 


D€SCRIPTIOR 


■ Guaranteed 20 ppm/°C Drift 

■ 1.2V 1% Initial Tolerance 

■ 20/iA to 20mA Operation 

■ IQ Dynamic Impedance 

■ 7V, lOO^tA Reference 


RPPUCRTIORS 

■ Portable Meters 

■ Precision Regulators 

■ Calibrators 


The LT1034 is a micropower, precision 1.2V/2.5V reference 
combined with a 7 V auxiliary reference. The 1.2V/2.5V 
reference is a trimmed, thin-film, band-gap voltage refer- 
ence with 1% initial tolerance and guaranteed 20ppm/°C 
temperature drift. Operating on only 20/tA, the LT1034 of- 
fers guaranteed drift, low temperature cycling hysteresis 
and good long term stability. The low dynamic impedance 
makes the LT1034 easy to use from unregulated supplies. 
The 7 V reference is a subsurface zener device for less de- 
manding applications. 

The LT1034 reference can be used as a high performance 
upgrade of the LM385 or LT1004, where guaranteed tem- 
perature drift is desired. 


TVPICRL RPPUCRTIOR 


15V 



Temperature Drift LT1034C-1.2 


Vi 

OO/xA 
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LT1 034-1 .2/LT1 034-2.5 


rbsolutc mnximum rrtirgs 


Operating Current 20mA 

Forward Current (Note 1) 20mA 

Lead Temperature (Soldering, 10 sec) 300°C 

Storage Temperature -65°C to 150°C 


Operating Temperature Range 

LT1 034BM, M -55°Cto125°C 

LT1034BI, I -40°C to 85°C 

LT1034BC, C 0°C to 70°C 


PRCKRG€/ORD€R MFORfYIRTIOn 


f f 1 2v\ 

(.3i 

ORDER PART 
NUMBER 

LT1 034BMH-1 .2 

LT1 034MH-1 .2 
LT1034BCH-1 .2 

LT1 034CH-1.2 

LT1034BMH-2.5 

LT1034MH-2.5 

LT1034BCH-2.5 

LT1034CH-2.5 

H PACKAGE 

TO-46 METAL CAN 

BOTTOM VIEW 

Tjmax = 150°C, 0 JA = 440°C/W, e JC = 80°C/W 


LT1 034BCZ-1 .2 

LT1 034CZ-1 .2 

LT1034BCZ-2.5 

LT1034CZ-2.5 

LT1 034IZ-1 .2 
LT1034IZ-2.5 

1 1.2V 1 

Z PACKAGE 

T0-92 PLASTIC 

BOTTOM VIEW 

Tjmax = 100 °C, e JA = 160 °C/W 



S8 PACKAGE 
8-LEAD PLASTIC SO 


TjM*x = 100°C,e JA = 190"C/W 


ORDER PART 
NUMBER 


LT1034CS8-1.2 
LT1 034CS8-2.5 
LT1034IS8-2.5 


PART MARKING 


3401 (1.2V VERSION) 

3402 (2.5V VERSION) 
34102 (2.5V VERSION) 


€l€CTRICRl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

LT1034-1.2 

TYP MAX 

LT1 034-2.5 

MIN TYP MAX 

UNITS 

Reverse Breakdown Voltage 

Ir = 100hA 

25°C 

1.210 

1.225 

1.240 

2.46 2.5 

2.54 

V 



• 

1.205 

1.225 

1.245 

2.43 2.5 

2.57 

V 

Reverse Breakdown Change 

Note 3 

25°C 


0.5 

2.0 

1.0 

3.0 

mV 

with Current 


• 


1.0 

4.0 

1.5 

6.0 

mV 


2mA < Ir < 20mA 

25°C 


4.0 

8.0 

6.0 

16 

mV 



• 


6.0 

15.0 

10 

20 

mV 

Minimum Operating Current 


• 


10 

20 

15 

30 

ma 

Temperature Coefficient 

l R = 100pA LT1 034BM/BC 

• 


10 

20 

10 

20 

ppm/°C 


LT1034M/I/C 

• 


20 

40 

20 

40 

ppm/°C 

Reverse Dynamic Impedance (Note 2) 

l R = 100(iA 

25°C 


0.25 

1.0 

0.5 

1.5 

Q 



• 


0.50 

2.0 

1.0 

2.5 

a 

Low Frequency Noise 

Ir = IOOjtA, 0.1Hz <F< 10Hz 

• 

4 

6 

fiVp-p 

Long Term Stability 

Ir = 1 0OjuA, T = 25°C 

25°C 

20 

20 

ppm/Vkhrs 
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DYNAMIC IMPEDANCE(Q) REVERSE VOLTAGE CHANGE(mV) 


LT 1 0 34-1.2/ LT 10 34-2.5 


ELECTRICAL CHARACTERISTICS 7V Reference 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 

<c 

o' 

o 

II 

Q C 

25°C 

6.8 

7.0 

7.3 

v 



• 

6.75 

7.0 

7.4 

V 

Reverse Breakdown Change 

100/iA<IR<1mA 

25°C 


90 

140 

mV 

with Current 

100/iA<IR<1mA 

• 


100 

190 

mV 


1mA<IR<20mA 

25°C 


160 

250 

mV 


1mA<IR<20mA 

• 


200 

350 

mV 

Temperature Coefficient 

IR = 100 m A 

• 

40 

ppm/°C 

Long Term Stability 

IR = 100 m A 

25°C 

20 

ppm 


The • denotes specifications that apply over the operating temperature 
range. 

Note 1: Forward biasing either diode will affect the operation of the other 
diode. 


Note 2: This parameter guaranteed by “reverse breakdown change with 
current” test. 

Note 3: Forthe LT 1 034-1 .2, 20/iA < l R < 2m A. For the LT1034-2.5, 
30/iA<l R <2mA. 


TYPICAL P€RFORmAAC€ CHARACTERISTICS 


Reverse Voltage Change 1.2V 



Reverse Voltage Change 7V 



0.1 1 10 100 
REVERSE CURRENT(mA) 


0.1Hz to 10Hz Noise 1.2V 

ii 
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4 

> 2 
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-11 
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Reverse Dynamic Impedance 1.2V 



0.01 0.1 1 10 100 
REVERSE CURRENT(mA) 


Reverse Dynamic Impedance 2.5V 



FREQUENCY (kHz) 

LT1034 • TPCOI 


Reverse Dynamic Impedance 7V 



10 100 Ik 10k 100k 
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LT1034-1.2/LT1034-2.5 

TVPICRl P€RFORfflAnC€ CHRRRCT6RISTICS 


Reverse Characteristics 1.2V 



0 0.4 0.8 1.2 1.6 

REVERSE VOLTAGE(V) 



0.01 0.1 1 10 100 
FORWARD CURRENT(mA) 


Reverse Characteristics 2.5V 



2.490 2.495 2.500 2.505 2.510 

REVERSE VOLTAGE (V). 

LT1034 *TPC02 

Response Time 



0 20 40 60 80 

TIMERS) 


Reverse Characteristics 7V 

100 


80 
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£ 60 
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20 
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INDEX 


SECTION 8— MONOLITHIC FILTERS 

INDEX 8-2 

SELECTION GUIDES 8-3 

PROPRIETARY PRODUCTS 

LTC1062, 5th Order Lowpass Filter 8-5 

LTC1063, DC Accurate, Clock-Tunable 5th Order Butterworth Lowpass Filter 8-16 

LTC1064-7, Linear Phase, 8th Order Lowpass Filter ........ .., 8-28 

LTC1065, DC Accurate, Clock-Tunable Linear Phase 5th Order Bessel Lowpass Filter 8-39 

LTC1 066-1, 14-Bit DC Accurate Clock-Tunable, 8th Order Elliptic or Linear Phase Lowpass Filter 8-51 

LTC1 164-5, Low Power 8th Order Pin Selectable Butterworth or Bessel Lowpass Filter 8-67 

LTC1 164-6, Low Power 8th Order Pin Selectable Elliptic or Linear Phase Lowpass Filter 8-78 

LTC1 164-7, Low Power, Linear Phase 8th Order Lowpass Filter 8-89 

LTC1264, High Speed, Quad Universal Filter Building Block 8-100 

LTC1264-7, Linear Phase, Group Delay Equalized, 8th Order Lowpass Filter 8-115 
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LTC1 264-7 (Up to 250kHz, High Speed) 
LTC1 164-7 (Up to 20kHz, Low Power) 
LTC1 064-7 (Up to 100kHz, Low Noise) 
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ANALOG FILTER SELECTION GUIDE 


Introduction 


Features 


The LTC family of switched-capacitor filters offers the system designer cost 
effective and space saving alternatives to filter designs implemented with op 
amps. A single 1C filter can be used to replace multiple amplifiers and external 
capacitors. 

Since their center frequencies are set by a stable external clock, switched- 
capacitor filters virtually eliminate the temperature drift problems associated 
with active RC filter designs. This clock tuning also allows the adjustment of 
corner frequency over a wide range (greater than 10 6 :1 for the LTC1064 
family), permitting one filter to do the job of multiple active RC filters. 

LTC’s filter offerings include single, dual, triple, and quad block products and 
range in performance from improved replacements for the industry standard 
MF5 and MF1 0, to state-of-the-art products such as the LTC1 064/1 1 64/1 264 
families. The LTC1 064/1 164/1 264 “Dash Series” products are one chip 
solutions requiring no external components. Our semi-custom programs 
offer an ASIC solution to high performance or higher volume system needs. 


■ Clock-Tunable Center Frequencies 

■ Stable, Selectable Clock-to-Center Frequency Ratios 

■ Center Frequencies to 300kHz 

■ Noise Performance As Low As 80piV, Wideband 

■ Available with Zero DC Offset 

■ FilterCAD Program Available for Low-Effort Design 

■ Available as Universal Filter Blocks, Dedicated Filters, 
or Semi-Custom Fixed Filters 

■ Improved Replacements for Industry Standard MF5 
and MF10 

■ Available in Surface Mount Packages 

Applications 

■ Anti-Aliasing Filters 

■ Telecom Filters 

■ Spectral Analysis 

■ DSP 

■ Loop Filters 

■ Audio 


PART 

NUMBER 

# SECTIONS 

f 0 MAX 

fO/fCLK 

TCf 0 

SO 

PKG 

MIL TEMP 
AVAIL 

PIN 

COUNT 

FEATURES 

LTC1059 

1 

40kHz 

100,50:1 

5ppm/°C 

Y 

Y 

14 

Low Noise, Low Crosstalk, Universal Filter Block 

LTC1060 

2 

20 kHz 

100, 50:1 

10ppm/°C 

Y 

Y 

20 

Improved MF5 Replacement 

LTC 1061 

3 

35kHz 

100,50:1 

1 ppm/°C 

Y 

Y 

20 

Improved MF10 Replacement 

LTC1062 

2 

20kHz 

100:1 

10ppm/°C 

Y 

Y 

8 

5th Order Low Pass Filter, No DC Offset 

LTC 1063 

3 

50kHz 

100:1 

1ppm/°C 

Y 

N 

8 

Clock-Tunable DC Accurate 5th Order Butterworth Lowpass 

LTC1064 

4 

140kHz 

100,50:1 

1ppm/°C 

Y 

Y 

24 

Universal, Low Noise, Fast Quad Filter 

LTC1 064-1 

4 

50kHz 

100:1 

1ppm/°C 

Y 

Y 

14 

Low Noise, Cauer Lowpass Filter 

LTC1 064-2 

4 

140kHz 

100, 50:1 

1ppm/°C 

Y 

Y 

14 

Low Noise, High Frequency Butterworth Lowpass Filter 

LTC1 064-3 

4 

100kHz 

150,75:1 

1ppm/°C 

Y 

Y 

14 

Low Noise, Linear Phase Bessel Lowpass Filter 

LTC1 064-4 

4 

100kHz 

100,50:1 

1ppm/°C 

Y 

Y 

14 

Low Noise, High Speed Cauer Lowpass Filter 

LTC1 064-7 

4 

100kHz 

100, 50:1 

1ppm/°C 

Y 

Y 

14 

Constant Group Delay, Lowpass Filter 

LTC1064-XX 

4 

to 140kHz 

100,50:1 

1ppm/°C 

Y 

Y 

14 

Semi-Custom Low Noise, High Speed Filter 

LTC1065 

3 

50kHz 

100:1 

1ppm/°C 

Y 

N 

8 

Clock-Tunable DC Accurate 5th Order Bessel Lowpass 

LTC1 066-1 

4 

100kHz 

160,100, 50:1 

1ppm/°C 

Y 

N 

18 

14-Bit DC Accurate, Clock-Tunable Elliptical/Butterworth 

LTC1164 

4 

20kHz 

100, 50:1 

1ppm/°C 

Y 

Y 

24 

Universal, Low Noise, Low Power, Wide Dynamic Range Filter 

LTC1 164-5 

4 

20kHz 

100, 50:1 

1ppm/°C 

Y 

Y 

14 

Low Power, Butterworth/Bessel Lowpass Filter 

LTC1 164-6 

4 

20kHz 

100,50:1 

1ppm/°C 

Y 

Y 

14 

Low Power, Elliptic Lowpass Filter 

LTC1 164-7 

4 

20kHz 

100, 50:1 

1ppm/°C 

Y 

Y 

14 

Constant Group Delay, Low Power, Lowpass Filter 

LTC1164-XX 

4 

to 20kHz 

100,50:1 

1ppm/°C 

Y 

Y 

14 

Semi-Custom Low Noise, Low Power Filter 

LTC1264 

4 

300kHz 

20:1 

1ppm/°C 

Y 

Y 

24 

Very High Speed Universal Quad Filter 

LTC1 264-7 

4 

250kHz 

50, 25:1 

1ppm/°C 

Y 

Y 

14 

Constant Group Delay, High Speed, Lowpass Filter 

LTC1264-XX 

4 

to 250kHz 

50, 25:1 

1ppm/°C 

Y 

Y 

14 

Semi-Custom Very High Speed Filter 
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/Tun^AE 

TECHNOLOGY 5th Order Lowpass Filter 


FCRTUR6S 

■ Lowpass Filter with No DC Error 

■ Low Passband Noise 

■ Operates DC to 20kHz 

■ Operates on a Single 5V Supply or Up to ±8 V 

■ 5th Order Filter 

■ Maximally Flat Response 

■ Internal or External Clock 

■ Cascadable for Faster Rolloff 

■ Buffer Available 

■ 8 Pin DIP Package 


nppucfflions 

■ 60Hz Lowpass Filters 

■ Anti-Aliasing Filter 

■ Low Level Filtering 

■ Rolling Off AC Signals from High DC Voltages 

■ Digital Voltmeters 

■ Scales 

■ Strain Gauges 


DCSCRIPTIOn 

The LTC1062 is a 5th order all pole maximally flat lowpass 
filter with no DC error. Its unusual architecture puts the fil- 
ter outside the DC path so DC offset and low frequency 
noise problems are eliminated. This makes the LTC1062 
very useful for lowpass filters where DC accuracy is 
important. 

The filter input and output are simultaneously taken 
across an external resistor, The LTC1062 is coupled to the 
signal through an external capacitor. This R,C reacts with 
the internal switched capacitor network to form a 5th or- 
der rolloff at the output. 

The filter cutoff frequency is set by an internal clock which 
can be externally driven. The clock to cutoff frequency ra- 
tio is typically 100:1, allowing the clock ripple to be easily 
removed. 

Two LTC1062s can be cascaded to form a 10th order quasi 
max flat lowpass filter. The device can be operated with 
single or dual supplies ranging from ± 2.5V to ± 9V. 

The LTC1062 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 

LTCMOS™ is a trademark of Linear Technology Corp. 


typical application 

10Hz 5th Order Butterworth Lowpass Filter 



NOTE: TO ADJUST OSCILLATOR FREQUENCY, 
USE A 6800pF CAPACITOR IN SERIES 
WITH A 50 K POT FROM PIN 5 TO GROUND. 


Filter Amplitude Response and Noise 
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LTG1062 


absolute mnximum rrtirgs 

Total Supply Voltage (V + to V“) 18V 

Input Voltage at Any Pin V - - 0.3V < Vim < V + + 0.3V 

Lead Temperature (Soldering, 10 sec) 300°C 


Operating Temperature Range 

LTC1062M -55°C<T a <125°C 

LTC1062C -40°C <T A < 85°C 

Storage Temperature Range -65°C to 150°C 


PRCKRG€/ORD€R inFORHIRTIOn 





ORDER PART 



TOP VIEW 


ORDER PART 


TOP VIEW 


NUMBER 

NC [7 



16] NC 

NUMBER 

FB [7 
AGND [7 

V“ |T 
DIVIDER r T 
RATIO 1^- 

Z2 

3 Bout 

T] OUT 

7] v + 

3 c osc 

LTC1062MJ8 

LTC1062CJ8 

LTC1062CN8 

NC |T 
FB [7 
AGND [7 

V“ [7 
divider rr- 

RATIO L 2 - 
NC \T 



75] NC 

13 Bout 

7] OUT 

7] v + 

13 c osc 
]o] NC 

LTC1062CS 

J8 PACKAGE N8 PACKAGE 

8-LEAD HERMETIC DIP 8-LEAD PLASTIC DIP 




PART MARKING 





NC \J 



If] NC 

LTC1062CS 

Tjmax 
Tjmax = 

i50°c,ej A = ioo o c/w(j) 

100 o C,e JA = 130 o C/W(N) 


S PACKAGE 

16-LEAD PLASTIC SOL 

Tjmax = 15O°C,0ja = 9O o C/W 


Consult factory for Industrial grade parts. 


CICCTRICAl CHARACTERISTICS 


Test Conditions: V + = 5V, V = -5V, T A = 25°C unless otherwise specified, AC output measured at pin 7, Figure 1 . 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Power Supply Current 

Cosc (Pin 5 to V" Pin 11 in S16) = lOOpF 



4.5 

7 

mA 



• 



10 

mA 

Input Frequency Range 



0k - 20k ! 

Hz 

Filter Gain at f (N = 0 

f C LK = 100kHz, Pin 4, (Pin 6 in SI 6) at V + 



0.00 


dB 

fiN = 0.5f c (Notel) 

C = 0.01 (tF, R = 25.78k 



-0.02 

-0.3 

dB 

f|N = f c 


• 

-2 

-3.00 


dB 

f|N = 2fc 


• 

-28 

-30.00 


dB 

f|N = 4fc 


• 

-52 

-60.00 


dB 

Clock to Cutoff Frequency Ratio, fcLK/fc 

Same as above 


100 ±1 

% 

Filter Gain at f| N = 16kHz 

fcu< = 400kHz, Pin 4 at V + 

• 

-45 

-52 


dB 


C = 0.01 joF, R = 6.5k 






fcLK/fc Tempco 

Same as above 


10 

ppm/°C 

Filter Output (Pin 7, Pin 13 in SI 6) DC Swing 

Pin 7 buffered with an external op amp 

• 

| ±3.5 

±3.8 


V 

Clock Feedthrough 



1 i 

mVp.p 

Internal Buffer 

Bias Current 




2 

50 

pA 

Bias Current 


• 


170 

1000 

pA 

Offset Voltage 




2 

20 

mV 

Voltage Swing 

Rload = 20k 

• 

±3.5 

±3.8 


V 

Short-Circuit Current Source/Sink 



i 40/3 

mA 
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LTC1062 


6UCTRICRI CHARACTERISTICS 


Test Conditions: V + = 5V, V" = -5V, T A = 25°C unless otherwise specified, AC output measured at pin 7, Figure 1 . 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Clock (Note 3) 





Internal Oscillator Frequency 

Cose (Pin 5 to V- Pin 11 in S16) = lOOpF 


25 

32 

50 

kHz 


Cqsc (Pin 5 to V", Pin 11 in SI 6) = lOOpF 

• 

15 


65 

kHz 

Max Clock Frequency 



4 

MHz 

Pin 5 (Pin 1 1 in SI 6) Souce or Sink Current 


• 


40 

80 

pA 


The • denotes specifications which apply over the full operating Note 2: The LTC1062M operates from -55° < T A < 125°C, the LTC1062C 

temperature range. operates from -40°C < T A < 85°C. 

Note 1 : fc is the frequency where the gain is -3dB with respect to the Note 3: The external or driven clock frequency is divided by either 1 , 2, or 

input signal. 4 depending upon the voltage at pin 4. For the J8, N8 package, when pin 4 

= V + , ratio = 1 ; when pin 4 = GND, ratio = 2; when pin 4 = V - , ratio = 4. 


BLOCK DIAGRAm (J8 or N8 package) 



BY CONNECTING PIN 4 TO V + , AGND, OR 
V-, THE OUTPUT FREQUENCY OF THE IN- 
TERNAL CLOCK GENERATOR IS THE OSCIL- 
LATOR FREQUENCY DIVIDED BY 1 ,2,4. THE 
(fCLK/fc) RATI ° OF 100:1 IS WITH RESPECT 
TO THE INTERNAL CLOCK GENERATOR OUT- 
PUT FREQUENCY. PIN 5 CAN BE DRIVEN 
WITH AN EXTERNAL CMOS LEVEL CLOCK. 
THE LTC1062 CAN ALSO BE SELF-CLOCKED 
BY CONNECTING AN EXTERNAL CAPACITOR 
(Cose) TO GROUND (OR TO V~ IF C 0 sc IS 
POLARIZED). UNDER THIS CONDITION AND 
WITH ±5V SUPPLIES, THE INTERNAL OS- 
CILLATOR FREQUENCY IS: 
f 0 SC— 140kHz [33pF/(33pF + Cosc)l- 


For Adjusting Oscillator Frequency, Insert a 50K Pot in Series with Cose- Use Two Times Calculated Cose- 


RC T€ST CIRCUIT 



MEASURED 

OUTPUT 

FOR BEST MAX. FLAT APPROXIMATION, 

THE INPUT R,C SHOULD BE SUCH AS: 

1 = f CLK v 1 

2ttRC 100 1.63 • 

A 0.5K RESISTOR, R'. SHOULD BE USED IF 
THE BIPOLAR EXTERNAL CLOCK IS APPLIED 
BEFORE THE POWER SUPPLIES TURN ON. 


Figure 1. 


rrunm 

TECHNOLOGY 


8-7 






LTC1062 











LTC1062 


APPUCRTIORS lAFORfRATIOR 

Filter Input Voltage Range 

Every node of the LTC1062 typically swings within IV of 
either voltage supply, positive or negative. With the appro- 
priate external (R,C) values, the amplitude response of all 
the internal or external nodes does not exceed a gain of 
0 dB with the exception of pin 1. The amplitude response 
of the feedback node (pin 1) is shown in Figure 2. For an in- 
put frequency around 0.8 x fc, the gain is 1 .7 V/V and, with 
±5V supplies, the peak-to-peak input voltage should not 
exceed 4.7V. If the input voltage goes beyond this value, 
clipping and distortion of the output waveform occur, but 
the filter will not get damaged nor will it oscillate. Also, 
the absolute maximum input voltage should not exceed 
the power supplies. 



0.1 0.2 0.3 0.5 1 10 

f IN/ f C 


Figure 2. Amplitude Response of Pin 1 
Internal Buffer 

The internal buffer out (pin 8) and pin 1 are part of the 
signal AC path. Excessive capacitive loading will cause 
gain errors in the passband, especially around the cutoff 
frequency. The internal buffer gain at DC is typically 
0.006dB. The internal buffer output can be used as a filter 
output, however it has a few millivolts of DC offset. The 
temperature coefficient of the internal buffer is typically 
VV/°C. 


Filter Attenuation 

The LTC1062 rolloff is typically 30dB/octave. When the 
clock, and the cutoff frequencies increase, the filter’s 
maximum attenuation decreases. This is shown in the 
Typical Performance Characteristics. The decrease of the 
maximum attenuation, is due to the roll off at higher fre- 
quencies of the loop gains of the various internal feedback 
paths and not to the increase of the noise floor. For in- 
stance, for a 100kHz clock and 1kHz cutoff frequency, the 
maximum attenuation is about 64dB. A 4kHz, IVrms input 
signal will be predictably attenuated by 60dB at the 
output. A 6kHz, IVrms input signal will be attenuated by 
64dB and not by 77dB as an ideal 5th order maximum flat 
filter would have dictated. The LTC1062 output at 6kHz will 
be about 630/tVrms. The measured rms noise from DC to 
17kHz was lOO^Vrms which is 16dB below the filter output. 

Cose, Pin 5 

The Cose, pin 5, can be used with an external capacitor, 
Cose, connected from pin 5 to ground. If Cose is polarized 
it should be connected from pin 5 to the negative supply, 
pin 3. Cose lowers the internal oscillator frequency. If pin 5 
is floating, an internal 33pF capacitor plus the external 
interpin capacitance set the oscillator frequency around 
140kHz with ±5 V supply. An external Cose will bring the 
oscillator frequency down by the ratio (33pF)/(33pF+ 
Cosc)- The typical performance characteristics curves pro- 
vide the necessary information to get the internal oscilla- 
tor frequency for various power supply ranges. Pin 5 can 
also be driven with an external CMOS clock to override the 
internal oscillator. Although standard 7400 series CMOS 
gates do not guarantee CMOS levels with the current 
source and sink requirements of pin 5, they will, in reality, 
drive the Cose pin. CMOS gates conforming to standard B 
series output drive have the appropriate voltage levels and 
more than enough output current to simultaneously drive 
several LTC1062 Cose pins. The typical trip levels of the in- 
ternal Schmitt trigger which input is pin 5, are given below. 


V SUPPLY 

v, h + 

v, h - 

±2.5V 

+ 0.9V 

-IV 

±5V 

+ 1.3V 

-2.1V 

±6V 

+ 1.7V 

-2.5V 

±n , 

+ 1.75V 

-2.9V 
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LTC1062 


flppucnnons mponmnnon 


Divide By 1,2, 4 (Pin 4) 

By connecting pin 4 to V + , to mid supplies or to V - , the 
clock frequency driving the internal switched capacitor 
network is the oscillator frequency divided by 1, 2, 4, 
respectively. Note that the fcLK/fc ratio of 100:1 is with 
respect to the internal clock generator output frequency. 
The internal divider is useful for applications where octave 
tuning is required. The +2 threshold is typically ± IV from 
the mid supply voltage. 

Transient Response 

Figure 3 shows the LTC1062 response to a IV input step. 


Filter Noise 

The filter wideband rms noise is typically lOO^Vrms for 
± 5V supply and it is nearly independent from the value of 
the cutoff frequency. For single 5V supply the rms noise is 
80*iVrms. Sixty-two percent of the wideband noise is in the 
passband, that is from DC to fc. The noise spectral 
density, unlike conventional active filters, is nearly zero 
for frequencies below 0.1 x fq. This is shown in the typical 
performance characteristics section. Table 1 shows the 
LTC1062 rms noise for different noise bandwidths. 



200mV/VERT DIV 
50ms/H0RIZ DIV, f c = 10Hz 
5ms/H0RIZ DIV, f c = 100Hz 
0.5ms/H0RIZ DIV, f c =1kHz 

I , fc 
2ttRC 1.62 


1 - fc 

2vrRC 1.94 



Figure 3. Step Response to a IV Peak Input Step 



Table 1 


NOISE BW 

rms NOISE 

V s = ±5V 

DC -0.1 xf c 

2fxM 

DC - 0.25 x f c 

fyV 

DC - 0.5 x f c 

20/tV 

DC-1 xf c 

62/tV 

X 

CM 

1 

o 

Q 

100/iV 
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TYPICAL flPPUCflTIOnS 


AC Coupling an External CMOS Clock Powered from a 
Single Positive Supply, V + 



Adding an External (R1 , Cl) to Eliminate the Clock 
Feedthrough and to Improve the High Frequency Attenuation 
Floor 



Filtering AC Signals from High DC Voltages 


Passband Amplitude Response for 
the High DC Accurate 5th Order Filter 



EX: f CL K = 100kHz, f c = 1kHz. THE FILTER ACCURATELY PASSES 
THE HIGH DC INPUT AND ACTS AS 5th ORDER LP FILTER 
FOR THE AC SIGNALS RIDING ON THE DC. 



0.01 0.02 0.05 0.1 0.2 0.3 0.5 1 


f|N/fc 





LTC1062 
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TYPICAL APPLICATION 


Simple Cascading Technique 



10Hz, 10th ORDER DC ACCURATE LOW PASS FILTER 
60dB/0CTAVE ROLLOFF 
0.5dB PASSBAND ERROR, OdB DC GAIN 
MAXIMUM ATTENUATION IIOdB (f CLK = 10kHz) 
lOOdB (f C LK=1kHz) 
95dB(f C LK=1MHz) 


‘ f CLK = 1kHz 


100Hz, 50Hz, 25Hz 5th Order DC Accurate LP Filter 


25.8k 



DC ACCURATE 
OUTPUT 


TO PIN 13 OF CD4016 





LTC1062 
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/Tun 

TECHNOLOGY DC Accurate, Clock-Tunable 

5th Order Butterworth 
Lowpass Filter 



F€RTUR€S 

■ Clock-Tunable Cutoff Frequency 

■ 1 mV DC Offset (Typical) 

■ 80dB CMRR (Typical) 

■ Internal or External Clock 

■ 50|jVrms Clock Feedthrough 

■ 100:1 Clock-to-Cutoff Frequency Ratio 

■ 95|iVrms Total Wideband Noise 

■ 0.01 % THD at 2Vrms Output Level 

■ 50kHz Maximum Cutoff Frequency 

■ Cascadable for Faster Roll-Off 

■ Operates from +2.375 to ±8V Power Supplies 

■ Self-Clocking with 1 RC 

rppucrtiors 

■ Audio 

■ Strain Gauge Amplifiers 

■ Anti-Aliasing Filters 

■ Low Level Filtering 

■ Digital Voltmeters 

■ 60Hz Lowpass Filters 

■ Smoothing Filters 

■ Reconstruction Filters 


DCSCRIPTIOR 

The LTC1063 is the first monolithic filter providing both 
clock-tunability, low DC output offset and over 12-bit DC 
accuracy. The frequency response of the LTC1 063 closely 
approximates a 5th order Butterworth polynomial. With 
appropriate PCB layout techniques the output DC offset is 
typically 1 mV and is constant over a wide range of clock 
frequencies. With ±5V supplies and ±4V input voltage 
range, the CMR of the device is 80dB. 

The filter cutoff frequency is controlled either by an inter- 
nal or external clock. The clock-to-cutoff frequency ratio is 
100:1. The on-board clock is power supply independent, 
and it is programmed via an external RC. The 50 |iVrms 
clock feedthrough is considerably reduced over existing 
monolithic filters. 

The LTC1063 wideband noise is 95p.V RM s, and it can 
process large AC input signals with low distortion. With 
+7.5V supplies, for instance, the filter handles up to 
4Vrms (92dB S/N ratio) while the standard 1kHz THD is 
below 0.02%; 80dB dynamic ranges (S/N +THD) is ob- 
tained with input levels between 1V RMS and 2.3Vr M s- 

The LTC1 063 is available in 8-pin miniDIP and 1 6-pin SOL. 
For a linear phase response, see LTC1065 data sheet. 


TVPICRl RPPUCRTIOR 


2.5kHz 5th Order Lowpass Filter Frequency Response 



FREQUENCY (kHz) 


8-16 


rrunm 

JBmmF ' , TECHNOLOGY 




LTC1063 


absolute mnximum nminGs 

Total Supply Voltage (V + to V“) 16.5V 

Power Dissipation 400mW 

Voltage at Any Input .... (V~ - 0.3V) < V, N < (V + + 0.3V) 
Burn-In Voltage 16V 


Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDCR IRFORITIATIOn 


TOP VIEW 

Vin 

GND 
V" 

CLK OUT 

J8 PACKAGE 
8-LEAD CERAMIC DIP 
N8 PACKAGE 
8-LEAD PLASTIC DIP 



]D V 0S ADJ 
3 v OUT 
¥] V + 

T\ CLK IN 


ORDER PART 
NUMBER 


LTC1063CN8 

LTC1063CJ8 

LTC1063MJ8 


Tjmax = 150°C, 0 JA = 100°C/W (J) 
Tjmax = 1 00°C, 0 JA = 1 1 0°C/W (N) 


TOP VIEW 
NC 
Vin 
GND 
NC 
V" 

NC 
NC 

CLK OUT 

S PACKAGE 
16-LEAD PLASTIC SOL 



Tjmax = 100°C, 0j/\ = 85°C/W 


ORDER PART 
NUMBER 


LTC1063CS 


Consult factory for Industrial grade parts. 


€l€CTRICAl CHARACTERISTICS 


Vs = ±5V, fcLK = 500kHz, fc = 5kHz, R|_ = 10k, Ta = 25°C, unless otherwise specified. 


PARAMETER 

CONDITIONS [ 

| MIN 

TYP 

MAX i 

UNITS 

Clock-to-Cutoff Frequency Ratio (fcLk/fc) 

±2.375V < V s <±7.5V 


100±0.5 ! 


Maximum Clock Frequency (Note 1) 

V S =±7.5V 



5 


MHz 


> 

LO 

+1 

II 



4 


MHz 


V s = ±2.5V 



3 


MHz 

Minimum Clock Frequency (Note 2) 

±2.5V< V s <±7.5V, T A < 85°C 


30 | 

Hz 

Input Frequency Range 



0 


0.9fcLK 


Filter Gain 

V s = ±5V,f CL K = 25kHz, f c = 250Hz 







f| N = 250Hz 


-3.5 

-3.0 

-2.5 

dB 



• 

-3.6 

-3.0 

-2.4 

dB 


V s = ±5V,f CL K = 500kHz, f c = 5kHz 







f| N = 100Hz 



0 


dB 


fiN = 1 kHz = 0.2f c 


-0.06 

-0.01 

0.04 

dB 



• 

-0.075 

-0.01 

0.055 

dB 


f ]N = 2.5kHz = 0.5f c 


-0.09 

0.16 

0.41 

dB 



• 

-0.14 

0.16 

0.46 

dB 


f JN = 4kHz = 0.8f c 


-0.5 

-0.2 

0.1 

dB 



• 

-0.6 

-0.2 

0.2 

dB 


f| N = 5kHz = f c 


-3.5 

-3.0 

-2.5 

dB 



• 

-3.6 

-3.0 

-2.4 

dB 


f| N = 20kHz = 4f c 


-57.5 

-60.0 

-62.0 

dB 



• 

-57.0 

-60.0 

-62.5 

dB 
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LTC1063 


ELECTRICAL CHARACTERISTICS 


Vs = ±5V, f C LK = 500kHz, f c = 5kHz, R L = 10k, T A = 25°C, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Filter Gain 

V s = ±2.375V, f CLK = 500kHz, f c = 5kHz 







f| N = 1 kHz 


-0.066 

0.004 

0.074 

dB 



• 

-0.081 

0.004 

0.089 

dB 


f m = 2.5kHz 


CM 

o 

1 

0.16 

0.56 

dB 



• 

-0.29 

0.16 

0.61 

dB 


f| N = 4kHz 


-0.6 

-0.2 

0.2 

dB 



• 

-0.7 

-0.2 

0.3 

dB 


f| N = 5kHz 


-3.5 

-3.0 

-2.5 

dB 



• 

-3.6 

-3.0 

-2.4 

dB 

Clock Feedthrough 

±2.375 < V s <±7.5V 


50 

MVrms 

Wideband Noise (Note 3) 

±2.375 <V S <±7.5V,1 Hz <f<f CL K 


100 

M-VrmS 

THD + Wideband Noise (Note 4) 

V s = ±7.5V, f c = 20kHz, f !N = 1kHz, 



-80 


dB 


1Vrms^V| N <2.3Vrms 






Filter Output ± DC Swing 

V s = ± 2.375V 


1.6/- 2.0 

1.7/-2.2 


V 



• 

1.4/- 1.8 



V 


V s = ±5V 


4.0/- 4.5 

4.3/-4.8 


V 



• 

3.8/— 4.3 



V 


V s = ±7.5V 


6.5/- 7.0 

6.8/- 7.3 


V 



• 

6.3/- 6.8 



V 

Input Bias Current 



10 

nA 

Dynamic Input Impedance 



800 

MQ 

Output DC Offset (Note 5) 

V s = ±2.375V 



2 


mV 


V s = ±5V 



0 

±5 

mV 


V s = ±7.5V 



-4 


mV 

Output DC Offset Drift 

V s = ±2. 375V 



10 


|iV/°C 


V s = ±5V 



20 


^V/°C 


V s = ±7.5V 



25 


|iV/°C 

Self-Clocking Frequency (fosc) 

R (Pin 4 to 5) = 20k, C (Pin 5 to GND) = 470pF 







V s = ±2.375V 


99 

105 

112 

kHz 


LTC1063CN, CS, CJ 


95 

103 

111 

kHz 


LTC1063MJ 

• 

92 

100 

114 

kHz 


V s = ±5V 


102 

108 

114 

kHz 


LTC1063CN, CS, CJ 

• 

98 

106 

114 

kHz 


LTC1063MJ 

• 

97 

105 

114 

kHz 


V s = ±7.5V 


104 

110 

116 

kHz 


LTC1063CN, CS, CJ 

• 

101 

109 

116 

kHz 


LTC1063MJ 

• 

100 

108 

116 

kHz 

External CLK Pin Logic Thresholds 

V s = ±2.375 V Min Logical “1” 



1.43 


V 


Max Logical “0” 



0.47 


V 


Vs = ±5V Min Logical “1” 



3 


V 


Max Logical “0” 



1 


V 


V s = ±7.5V Min Logical “1” 



4.5 


V 


Max Logical “0” 



1.5 


V 

Power Supply Current 

V s = ±2.375V,f CL K = 500kHz 



2.7 

4.0 

mA 


LTC1063CN, CS, CJ 

• 



5.5 

mA 


LTC1063MJ 

• 



6.0 

mA 


V s = ±5V, f C LK = 500kHz 



5.5 

8 

mA 


LTC1063CN, CS, CJ 

• 



11 

mA 


LTC1063MJ 

• 



12 

mA 


V s = ±7.5V, f CLK = 500kHz 



7.0 

11 

mA 


LTC1063CN, CS, CJ 

• 



14.5 

mA 


LTC1063MJ 

• | 


16.0 

mA 
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€l€CTRICAl CHRRACTCRISTICS 

The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: The maximum clock frequency criterion is arbitrarily defined as: 
The frequency at which the filter AC response exhibits > IdB of gain 
peaking. 

Note 2: At limited temperature ranges (i.e., T A < 50°C) the minimum clock 
frequency can be as low as 10Hz. The minimum clock frequency is 
arbitrarily defined as: the clock frequency at which the output DC offset 
changes by more than 1 mV. 


Note 3: The wideband noise specification does not include the clock 
feedthrough. 

Note 4: To properly evaluate the filter’s harmonic distortion an inverting 
output buffer is recommended as shown in the Test Circuit. An output 
buffer is not necessarily needed when measuring output DC offset or 
wideband noise. 

Note 5: The output DC offset is optimized for ±5V supply. The output DC 
offset shifts when the power supplies change; however this phenomenon 
is repeatable and predictable. 


TVPICAl P€RFOIUYinnC€ CHARACTCRISTICS 



100 300 500 

FREQUENCY (kHz) 


Output Offset vs Clock, 
Low Clock Rates 


Output Offset vs Clock, 
Medium Clock Rates 




EXTERNAL CLOCK FREQUENCY (kHz) 


1063 G01 


Gain vs Frequency; V$ = ±2.5V 



Gain vs Frequency; V S = ±5V 

10 
o 

-10 
-20 
S '" 30 

-a 

J -40 
2 -50 
-60 
-70 
-80 
-90 

1 10 100 200 
INPUT FREQUENCY (kHz) 



Gain vs Frequency; Vs = ±7.5V 



1 10 100 200 
INPUT FREQUENCY (kHz) 


1063 G06 
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PASSBAND GAIN (dB) 0 THD (%) 0 THD+ NOISE (%) 


LTC1063 

Tvpicni p€ftFonmnnc€ chmmctcmstics 


THD + Noise vs Input Voltage; THD vs Frequency; THD + Noise vs input Voltage; 

V s = Single 5V V s = Single 5V V S = ±5V 



INPUT (Vrms) FREQUENCY (kHz) INPUT (V RMS ) 

1063 G07 1 063 G08 1063 G09 


THD + Noise vs Input Voltage; THD vs Frequency; 

THD vs Frequency; Vs = ±5V Vs = ±7.5V Vs = ±7.5V 



FREQUENCY (kHz) INPUT (V RMS ) FREQUENCY (kHz) 

1063 GIO 1063 G11 1063 G1 


Passband Gain and Phase Power Supply Current vs 

vs Input Frequency Phase Matching Power Supply Voltage 



100 Ik 10k 100k 0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 


INPUT FREQUENCY (Hz) INPUT FREQUENCY (kHz) TOTAL POWER SUPPLY VOLTAGE (V) 

1063G13 1063G14 1063G15 
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Transient Response 



HORIZONTAL: O.lms/DIV, VERTICAL: 2V/DIV 
V s = ±5V, f c = 1 0kHz, V| N = 1 kHz ±3V P 
SQUARE WAVE 


pm Funcuons 

Power Supply Pins (Pins 6, 3, N Package) 

The positive and negative supply pin should be bypassed 
with a high quality O.lpF ceramic capacitor. In applications 
where the clock pin (5) is externally swept to provide 
several cutoff frequencies, the output DC offset variation is 
minimized by connecting an additional IpF solid tantalum 
capacitor in parallel with the O.lpF disc ceramic. This 
technique was used to generate the graphs of the output 
DC offset variation versus clock; they are illustrated in the 
Typical Performance Characteristics section. 

When the powersupply voltage exceeds±7V, and when V" 
is applied before V + , if V + is allowed to go below ground, 
connect a signal diode between the positive supply pin and 
ground to prevent latch-up (see Typical Applications). 

Ground Pin (Pin 2, N Package) 

The ground pin merges the internal analog and digital 
ground paths. The potential of the ground pin is the 
reference for the internal switched-capacitor resistors, 
and the reference for the external clock. The positive input 
of the internal op amp is also tied to the ground pin. 

For dual supply operation, the ground pin should be 
connected to a high quality AC and DC ground. A ground 
plane, if possible, should be used. A poor ground will 
degrade DC offset and it will increase clock feedthrough, 
noise and distortion. 

A small amount of AC current flows out of the ground pin 
whether or not the internal oscillator is used. The fre- 


rrmm 
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quency of the ground current equals the frequency of the 
internal or external clock. The average value of this current 
is approximately 55pA, 1 1 0pA, 1 70pA for ±2.5V, ±5V and 
±7.5V supplies respectively. 

For single supply operation, the ground pin should be 
preferably biased at half supply (see Typical Applications). 

Vos Adjust Pin (Pin 8, N Package) 

The Vos adjust pin can be used to trim any small amount 
of output DC offset voltage orto introduce a desired output 
DC level. The DC gain from the Vos adjust pin to the filter 
output pin equals two. 

Any DC voltage applied to this pin will reflect at the output 
pin of the filter multiplied by two. 

If the Vos adjust pin is not used, it should be shorted to the 
ground pin. The DC bias current flowing into the Vos adjust 
pin is typically lOpA. 

Pin 8 should always be connected to an AC ground; AC 
signals applied to this pin will degrade the filter response. 

Input Pin (Pin 1, N Package) 

Pin 1 is the filter input and it is connected to an internal 
switched-capacitor resistor. If the input pin is left floating, 
the filter output will saturate. The DC input impedance of 
pin 1 is very high; with ±5V supplies and 1 MHz clock, the 
DC input impedance is typically IGn. A resistor, Rin, in 
series, with the input pin will not alter the value of the 
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filter’s DC output offset (Figure 1 ). Rin should, however, be 
limited to a maximum value (Table 1 ) , otherwise the filter’s 
passband flatness will be affected. Refer to the Applications 
Information section for more details. 


R IN 1 


8 

V||\| — Vi(V— 
2 


ZL 

“ VoUT 
■2-v* 

v~ — 

LTC1063 

IS SI 

_4 

SlSilll 

— fCLK 


Figure 1. 

1063 FOI 


Table 1 . Rin(max) vs Clock and Power Supply 



R|N(MAX) 


V s = ±7.5V 

V s = ±5V 

V s = ±2.5V 

feLK = 4MHz 

2.2k 

- 

- 

f C LK = 3MHz 

3.4k 

2.9k 

- 

f C LK = 2MHz 

5.5k 

5k 

2.7k 

f CLK = 1MHz 

11k 

11k 

9.2k 

fdK = 500kHz 

24k 

23k 

21k 

f C LK = 100kHz 

120k 

120k 

110k 


Output Pin (Pin 7, N Package) 

Pin 7 is the filter output. This pin can typically source over 
20mA and sink 2mA. Pin 7 should not drive long coax 
cables, otherwise the filter’s total harmonic distortion will 
degrade. 

Clock Input Pin (Pin 5, N Package) 

An external clock when applied to pin 5 tunes the filter 
cutoff frequency. The clock-to-cutoff frequency ratio is 
100:1. The high (Vhigh) and low (V|_ow) clock logic 
threshold levels are illustrated in Table 2. Square wave 
clocks with duty cycles between 30% and 50% are strongly 
recommended. Sinewave clocks are not recommended. 


Table 2. Clock Pin Threshold Levels 


POWER SUPPLY 

Vhigh 

Vlow 

V S = ±2.5V 

1.5V 

0.5V 

V s = ±5V 

3V 

IV 

V s = ±7.5V 

4.5V 

1.5V 

V s = ±8V 

4.8V 

1.6 V 

V s = 5V, 0V 

4V 

3V 

V s = 12,0V 

9.6V 

7.2V 

V s =1 5V, 0V 

12V 

9V 


Clock Output Pin (Pin 4, N Package) 

Any external clock applied to the clock input pin appears 
at the clock output pin. The duty cycle of the clock output 
equals the duty cycle of the external clock applied to the 
clock input pin. The clock output pin swings to the power 
supply rails. When the LTC1063 is used in a self-clocking 
mode, the clock of the internal oscillator appears at the 
clock output pin with a 30% duty cycle. The clock output 
pin can be used to drive other LTC1 063s or other ICs. The 
maximum capacitance, Cl(max). the clock output pin can 
drive is illustrated in Figure 3. 



Figure 3. Maximum Load Capacitance at the Clock Output Pin 


T€ST CIRCUIT 
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Self-Clocking Operation 

The LTC1063 features an internal oscillator which can be 
tuned via an external RC. The LTC1 063’s internal oscillator 
is primarily intended for generation of clock frequencies 
below 500kHz. The first curve of the Typical Performance 
Characteristics section shows how to quickly choose the 
value of the RC for a given frequency. More precisely, the 
frequency of the internal oscillator is equal to: 

f C LK = K/RC 

For clock frequencies (fcLK) below 100kHz, K equals 1 .07. 
Figure 4b shows the variation of the parameter K versus 
clock frequency and power supply. First choose the de- 
sired clock frequency, (fcLK < 500kHz), then through 
Figure 4b pick the right value of K, set C = 200pF and solve 
for R. 

Example 1 : fcuTOFF = 2kHz, fax = 200kHz, Vs = ±5V, 

T a = 25°C, K = 1 .0, C = 200pF 

then, R = (1 ,0)/(200kHz x 204pF) = 24.5k. 



Figure 4a. 


Note a 4pF parasitic capacitance is assumed in parallel 
with the external 200pF timing capacitor. Figure 5 shows 
the clock frequency variation from -40°C to 85°C. The 
200kHz clock of Example 1 will change by— 1 .75% at 85°C. 



Figure 5. fcu< vs Temperature 


For a very limited temperature range, the internal oscillator 
of the LTC1 063 can be used to generate clock frequencies 
above 500kHz (Figures 6 and 7). The data of Figure 6 is 
derived from several devices. For a given external (RC) 
value, the observed device-to-device clockfrequency varia- 
tion was ±1 % (V s = ±5V), and ±1 .25% for V s = ±2.5V. 

Example 2: fcuTOFF = 20kHz, f CL K = 2MHz, V s = ±7.5V, 
T a = 25°C, C = 1 0pF 
from Figure 6, K = 0.575, 

and, R = (0.575)/(2MHz x 1 4pF) = 20.5k. 
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0 40 I I 1 1 I I L-Sd I 

0.5 1.0 1.5 2.0 2.5 3.0 

CLOCK FREQUENCY (MHz) 


Figure 7. I C lk vs K 

A 4pF parasitic capacitance is assumed in parallel with the 
external lOpF capacitor. A ±1% clock frequency variation 
from device to device can be expected. The 2MHz clock 
frequency designed above will typically drift to 1 ,74MHz at 
70°C (Figure 7). 

The internal clock of the LTC1 063 can be overridden by an 
external clock provided that the external clock source can 
drive the timing capacitor, C, which is connected from the 
clock input pin to ground. 

Output Offset 

The DC output offset of the LTC1063 is trimmed to 
typically less than ±1 mV . The trimming is done at Vg = 
±5V. To obtain optimum DC offset performance, appropri- 
ate PC layout techniques should be used and the filter 1C 
should be soldered to the PC board. A socket will degrade 
the output DC offset by typically 1 mV. The output DC offset 
is sensitive to the coupling of the clock output pin 4 (N 
package) to the negative power supply pin 3 (N package). 
The negative supply pin should be well decoupled. When 
the surface mount package is used, all the unused pins 
should be grounded. 

When the power supplies are fixed, the output DC offset 
should not change by more than ±100p,V over 10Hz to 
1 MHz clock frequency variation. When the filter clock 
frequency is fixed, the output DC offset will typically 
change by -4mV (2mV) when the power supply varies 
from ±5V to ±7.5V (±2.5V). See Typical Performance 
Characteristics. 


Common-Mode Rejection Ratio 

The common-mode rejection ratio is defined as the change 
of the output DC offset with respectto the DC change of the 
input voltage applied to the filter. 

CMRR = 20log(AV O souT/AV| N )(dB) 

Table 3 illustrates the common-mode rejection for three 
power supplies and three temperatures. The common- 
mode rejection improves if the output offset is adjusted to 
approximately OV. The output offset can be adjusted via 
pin 8 (N package) (see Typical Applications). 


Table 3. CMRR Data, » C lk = 100kHz 


POWER SUPPLY 

AV| N 

-40°C 

25°C 

85°C 

25°C 

(V os Nulled) 

±2.5V 

+1.8V 

76dB 

78dB 

76dB 

85dB 

±5V 

±4V 

74dB 

79dB 

75dB 

82dB 

±7.5V 

±6V 

70dB 

72dB 

74dB 

76dB 


The above data is valid for clock frequencies up to 800kHz, 900kHz, 1 MHz, 
for Vs = ±2.5V, ±5V, ±7.5V respectively. 


Clock Feedthrough 

Clock feedthrough is defined as the RMS value of the clock 
frequency and its harmonics which are present at the 
filter’s output pin. The clockfeedthrough is tested with the 
filter input grounded and it depends on the quality of the 
PC board layout and power supply decoupling. Any para- 
sitic switching transients, during the rise and fall of the 
incoming clock, are not part of the clock feedthrough 
specifications; their amplitude strongly depends on scope 
probing techniques as well as ground quality and power 
supply bypassing. For a power supply Vs = ±5V, the clock 
feedthrough of the LTC1 063 is 50|A/rms; for Vs = +7.5 V, 
the clock feedthrough approaches 75|j.V R ms- Figure 8 
shows a typical scope photo of the LTC1063 output pin 
when the input pin is grounded. The filter cutoff frequency 
was 1 kHz, while scope bandwidth was chosen to be 1 MHz 
such as switching transients above the 100kHz clock 
frequency will show. 

Wideband Noise 

The wideband noise of the filter is the RMS value of the 
device’s output noise spectral density. The wideband 
noise data is used to determine the operating signal-to- 
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noise ratio at a given distortion level. The wideband noise 
(mVrms) is nearly independent of the value of the clock 
frequency and excludes the clock feedthrough. The 
LTC1063’s typical wideband noise is 95 pVrms- Figure 9 
shows the same scope photo as Figure 8 but with a more 
sensitive vertical scale: The clock feedthrough is imbed- 
ded in the filter’s wideband noise. The peak-to-peak 
wideband noise of the filter can be clearly seen; it is 
approximately 500|xVp.p. Note that 500|a.Vp.p equals the 
95|j.Vrms wideband noise of the part, multiplied by a crest 
factor or 5.25. 



1063 F08 


f CLK = 1 00kHz, f c = 1 kHz, V s = ±5V, 1 MHz SCOPE BW 


Figure 8. LTC1063 Output Clock Feedthrough + Noise 



2J0S/DIV 

f C LK = 1 00kHz, fc = 1 kHz, Vs = ±5V, 1 MHz SCOPE BW 


Figure 9. LTC1063 Output Clock Feedthrough + Noise 


Aliasing 

Aliasing isan inherent phenomenon of sampled data filters 
and it primarily occurs when the frequency of an input 
signal approaches the sampling frequency. For the 
LTC1063, an input signal whose frequency is in the range 
of fpLK ±6% will generate an alias signal into the filter’s 
passband and stopband. Table 4 shows details. 

Example: LTC1063, f CL K = 20kHz, f c = 200kHz, 
f,N = (19.6kHz, 100mV RMS ) 
f ALIAS = (400Hz, 3.16itiVrms) 

An input RC can be used to attenuate incoming signals 
close to the filter clockfrequency (Figure 1 0). A Butterworth 
passband response will be maintained if the value of the 
input resistor follows Table 1. 


Table 4. Aliasing Data 


INPUT FREQUENCY 

OUTPUT FREQUENCY 

OUTPUT AMPLITUDE 
REFERENCED TO 
INPUT SIGNAL 

0.9995f C LK 

0.0005 fcLK 

0 dB 

0.995 f C LK 

0.005 f C LK 

0 dB 

0.99 f C LK 

0.01 fcLK 

i 

CO 

Q_ 

CD 

0.9875f CL K 

0.0125 f CL |< 

-10.2 dB 

0-985 f C LK 

0.015 f C LK 

-17.7 dB 

0.9825f CL K 

0.0175 fcLK 

-24.3 dB 

0.98 fcLK 

0.02 fcLK 

-30 dB 

0.975 f CLK 

0.025 f CLK 

-40 dB 

0.97 f C LK 

0.03 fcLK 

-48 dB 

0.965 f CLK 

0.035 fcLK 

-54.5 dB 

0.96 f C LK 

0.04 fcLK 

-60.4 dB 

0.955 f CLK 

0.045 fcLK 

-65.5 dB 

0.95 f CLK 

0.05 fcLK 

— 70.1 6 dB 

0.94 ^lk 

0.06 fcLK 

-78.25 dB 

0.93 f C LK 

0.07 fcLK 

-85.3 dB 

0-9 f CL K 

0-1 fcLK 

-100.3 dB 


V|N — VW 


X 



1 

2 

-C-" 
" 3 

LTC1063 

8 

_L 

— VoUT 

6 f 

_4 


— f CLK — 1— ( 


f CLK < 1 < fCLK 

20 - 2kRC ~ 10 


Figure 10. Adding an Input Anti-Aliasing RC 
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Group Delay 

The group delay of the LTC1 063 closely approximates the 
delay of an ideal 5-pole Butterworth lowpass filter (Figure 
1 1 , Curve A). To linearize the group delay of the LTC1 063 
(Figure 1 1 , Curve B), use an input resistor about six times 
higher than the maximum value of Rin, shown in Table 1 . 

The passband response of the group delay corrected filter 
approximates a 5-pole Bessel response while its transi- 
tion band rolls off like a Butterworth. 

” 0 1 23456789 10 

INPUT FREQUENCY (kHz) 



1063 F11 

Figure 11. Group Delay 
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Single 5V Supply Operation (fc = 3.4kHz) 



Adjusting V 0 s(out) for 
±7.5 Supply Operation 


/.t>v 
^101 

jrfi' 



V|N 

2 

mm 

7 =2.5mV 

V" 

~ 3 

LTC1063 

6 m 

-7.5V 1 




T'-'. 

1„P +J 

L J 

J_ 


x_l_ , c ; K - : 

Iflr — J 

TANT “1 

i — i 

~ 0.1 pf' 


ZZZ o.i nF 4 


VOUT 

V + 


_L. -L. * OPTIONAL, 1N41 48 ■=■ 


Cascading Two LTC1 063s for Steeper Roll-Off 



ATTENUATION AT f = 2f c = 60dB 

* IF THE INPUT VOLTAGE CAN EXCEED V + , 

CONNECT A SIGNAL DIODE BETWEEN PIN 1 AND V + . 


Sharing Clock for Multichannel Applications 



* IF THE INPUT VOLTAGE CAN EXCEED V + , 

CONNECT A SIGNAL DIODE BETWEEN PIN 1 AND V + . iosstaos 
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Low Noise DC Accurate Clock-Tunable Notch 

R1 
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LTC1 064-7 


Linear Phase, 8th Order 
Lowpass Filter 


KfflURCS 

■ Steeper Roll-Off Than 8th Order Bessel Filters 

■ fcuTOFF up to 100kHz 

■ Phase Equalized Filter in 14-Pin Package 

■ Phase and Group Delay Response Fully Tested 

■ Transient Response Exhibits 5% Overshoot and 
No Ringing 

■ Wide Dynamic Range 

■ 72dB THD or Better Throughout a 50kHz Passband 

■ No External Components Needed 

appiicatiors 

■ Data Communication Filters 

■ Time Delay Networks 

■ Phase-Matched Filters 


DCSCRIPTIOn 

The LTC1 064-7 is a clock-tunable monolithic 8th order 
lowpass filter with linear passband phase and flat group 
delay. The amplitude response approximates a maximally 
flat passband while it exhibits steeper roll-off than an 
equivalent 8th order Bessel filter. For instance, at twice the 
cutoff frequency the filter attains 34dB attenuation (vs 
1 2dB for Bessel) , while at three times the cutoff frequency 
the filter attains 68dB attenuation (vs 30dB for Bessel). 
The cutoff frequency of the LTC1 064-7 is tuned via an 
external TTL or CMOS clock. 

The LTC1 064-7 features wide dynamic range. With single 
5 V supply, the S/N + THD is 76dB. Optimum 92dB S/N is 
obtained with ±7.5V supplies. 

The clock-to-cutoff frequency ratio of the LTC1 064-7 can 
be set to 50:1 (pin 10 to V + ) or 100:1 (pin 10 to V"). 

When the filter operates at clock-to-cutoff frequency ratio 
of 50:1 , the input is double-sampled to lower the risk of 
aliasing. 

The LTC1 064-7 is pin-compatible with the LTC1064-X 
series, LTC1 164-7 and LTC1 264-7. 


TVPICRL APPUCRTIOn 


80kHz Linear Phase Lowpass Filter 


Eye Diagram 


V|N 


7.5 V ■ 


1 


114 

2 

/ : " LL-vx' 

13 


3 


12 



4 

LTC1 064-7 

11 



, 5 

10 



6 


9 



7 

l □ 
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-7.5 V 
CLK = 4MHz 
7.5 V 
v OUT 


NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 
0.1 *iF CAPACITOR CLOSE TO THE PACKAGE AND ANY PRINTED 
CIRCUIT BOARD ASSEMBLY SHOULD MAINTAIN A DISTANCE 
OF AT LEAST 0.2 INCHES BETWEEN ANY OUTPUT OR INPUT 
PIN AND THE f CL K LINE. 



1 JJS/DIV 


V s = ± 7.5V 
faK = 4MHz 
RATIO = 50:1 
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absolute mnximum ratirgs 


Total Supply Voltage (V + to V - ) 16V 

Power Dissipation 400mW 

Burn-In Voltage 16.5V 

Voltage at Any Input (V~ - 0.3V) < V, N < (V + + 0.3V) 

Storage Temperature Range -65°C to 150°C 


Operating Temperature Range 

LTC1064-7C -40 Cto 85 C 

LTC1064-7M -55 C to 125 C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGC/ORD6R mFORfYIATIOn 



TOP VIEW 


ORDER PART 



TOP VIEW 


ORDER PART 

NC |T 

^7 

n i rin (A) 

NUMBER 

NC U 



00 Rin (A) 

NUMBER 

V IN |_2_ 


13] NC 


VinU 



no nc 


GND |T 


12] V" 


GND fT 



u] V" 


v + Gl 


ill fm< 

LTC1064-7CN 

V + |T 



g] NC 

LTC1064-7CS 

GND [T 


10] 50/100 

LTC1064-7CJ 

GND {£ 



3 fcLK 


LP (A) |T 


3 VOUT 

LTC1064-7MJ 

NC |T 



n] 50/100 


INV(A) \T 


T] NC 


LP (A) \T 



To] NC 


J PACKAGE N PACKAGE 


INV(A) [£ 



3 Vqut 


14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 




S PACKAGF 







16-LEAD PLASTIC SOL 


Tjmax = 

150°C, e JA = 65°C/W (J) 







Tjmax = 

110°C, e JA = 65°C/W (N) 


Tjmax 

= 110 o C,e JA = 85 o C/W 



Consult factory for Industrial grade parts. 
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Vs = ±7.5V, Rl = 10k, T a = 25°C, fcuTOFF = 10kHz or 20kHz, fcLK = 1MHz, TTL or CMOS level (maximum clock rise and fall time < Ips) 
and all gain measurements are referenced to passband gain, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband Gain 

0.1Hz <f< 0.25 fcuTOFF 







fTEST = 5kHz, (f CLK /fc) = 50:1 

• 

-0.60 

0.10 

0.65 

dB 

Gain at 0.5 fcuTOFF (Note 4) 

fTEST = 10kHz, (fCLK/fc) = 50:1 

• 

-0.90 

-0.35 

0.15 

dB 


fTEST = 5kHz, (fCLK/fc) = 100:1 

• 

-1.30 

-0.35 

1.25 

dB 

Gain at 0.75 fcuTOFF (Note 1 ) 

fTEST = 15kHz, (fCLK/fc) = 50:1 

• 

-2.0 

-1.0 

-0.35 

dB 

Gain at fcuTOFF 

fTEST = 20kHz, (fCLK/fc) = 50:1 

• 

-4.50 

-3.4 

-2.50 

dB 


fTEST = 10kHz, (fCLK/fc) = 100:1 

• 

-5.75 

-4.5 

-3.75 

dB 

Gain at 2 fcuTOFF 

fTEST = 40kHz, (fCLK/fc) = 50:1 

• 

-36.5 

-34.0 

-31.75 

dB 


fTEST = 20kHz, (fCLK/fc) = 100:1 

• 

-37.0 

-34.5 

-31.75 

dB 

Gain with fcLK = 20kHz 

fTEST = 200Hz, (fCLK/fc) = 100:1 


-6.5 

-4.3 

-3.5 

dB 

Gain with f CLK = 400kHz, V s = +2.375V 

fTEST = 4kHz, (fCLK/fc) = 50:1 


-0.9 

-0.3 

0.25 

dB 


fTEST = 8kHz, (fCLK/fc) = 50:1 


-4.5 

-3.3 

-2.00 

dB 

Phase Factor (F) 

0.1 Hz < f < fcuTOFF 






Phase = 180° - F(f/f c ) 

(fCLK/fc) = 50:1 



430 ±2.0 


Deg 

(Note 1 ) 

o 

o 

II 

o 



421 ±2.5 


Deg 


(fCLK/fc) = 50:1 

• 

422 

430 

437 

Deg 


(fcuc/fc) = 100:1 

• 

414 

421 

429 

Deg 

Phase Nonlinearity 

(fCLK/fc) = 50:1 



±1.0 


% 

(Notes 1,3) 

(Wfc) = 100:1 



±1.0 


% 


(fCLK/fc) = 50:1 

• 



±2.0 

% 


(fCLK/fc) = 100:1 

• 



±2.0 

% 
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LTC 1064-7 


ELECTRICAL CHARACTERISTICS 


Vs = ±7.5V, Rj_ = 10k, T a = 25°C, fcuTOFF = 10kHz or 20kHz, f C LK = 1MHz, TTL or CMOS level (maximum clock rise and fall time < Ijlis) 
and all gain measurements are referenced to passband gain, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Group Delay (t d ) 

(fCLK/fc) =50:1, f< fcuTOFF 



59.7 ±0.5 


PS 

t d = (F/360)(1/f c ) 

(feLK/fc) = 100:1 , f < fcuTOFF 



117.0 ±1.0 


ps 

(Note 2) 

(fCLK/fc) = 50:1, f< fcuTOFF 

• 

58.6 

59.7 

60.7 

MS 


(fCLK/fc) = 100:1, f< fcuTOFF 

• 

115.0 

117.0 

119.0 

MS 

Group Delay Deviation 

(fCLK/fc) =50:1, f< fcUTOFF 



±1.0 


% 

(Notes 2, 3) 

(fCLk/^c) = 100:1 , f < f C UTOFF 



±1.0 


% 


(fCLK/fc) = 50:1, f< fcuTOFF 

• 



±2.0 

% 


(fCLK/fc) = 100:1, f< fcuTOFF 

• 



±2.0 

% 

Input Frequency Range (Table 9) 

(fCLK/fc) = 50:1 



<fCLK 


kHz 


o 

C3 

II 

y 



<fcU</2 


kHz 

Maximum fax 

V s = 5 V (AGND = 2V) 



2.0 


MHz 


V s = ±5V 



3.5 


MHz 


V S = ±7.5V 



5.0 


MHz 

Clock Feedthrough (f > fcLx) 

50:1 


200 | 

pVrms 

Wideband Noise 

V s = ±2.5V 



95 ±5% 


PVrms 

(1 Hz < f < f CLK ) 

V s = ±5V 



105 ±5% 


pVrms 


V s = ±7.5V 



115 ±5% 


pVrms 

Input Impedance 



25 

40 

70 

kQ 

Output DC Voltage Swing 

V s = ±2.375V 


±1.0 

±1.2 


V 

(Note 5) 

V s = ±5V 

• 

±2.1 

±3.2 


V 


V s = ±7-5V 

• 

±3.0 

±5.0 


V 

Output DC Offset 

50:1, V s = ±5V 



±150 

±220 

mV 


100:1, V s = ±5V 



±150 


mV 

Output DC Offset TempCo 

50:1, V s = ±5V 



±200 


|iV/°C 


100:1, V s = ±5V 



±200 


|iV/°C 

Power Supply Current 

V s = ±2.375V, T a = 25°C 



11 

22 

mA 



• 



22 

mA 


V s = ±5V, T a = 25°C 



14 

25 

mA 



• 



30 

mA 


V s = ±7.5V, T a = 25°C 



17 

30 

mA 



• 



35 

mA 

Power Supply Range 



±2.375 


±8 

V 


The • denotes specifications which apply over the full operating temperature range. 
Note 1: Input frequencies, f, are linearly phase shifted through the filter as long as f < 
fc; fc = cutoff frequency. 

Figure 1 curve shows the typical phase response of an LTC1 064-7 operating at fcLK = 
1MHz, ratio = 50:1 , fc = 20kHz and it closely matches an ideal straight line. The phase 
shift is described by: phase shift = 180°- F(f/fc); f < fc- 
Fis arbitrarily called the “phase factor” expressed in degrees. The phase factor allows 
the calculation of the phase at a given frequency. Example: The phase shift at 14kHz of 
the LTC 1064-7 shown in Figure 1 is: 

phase shift = 180° -430° (14kHz/20kHz) ± nonlinearity = -121° ±1% or 
- 121 ° ± 1 . 20 °. 

Note 2: Group delay and group delay deviation are calculated from the measured phase 
factor and phase deviation specifications. 

Note 3: Phase deviation and group delay deviation for LTC1 064-7MJ is ±4%. 

Note 4: The filter cutoff frequency is abbreviated as fcuTOFF or fc- 

Note 5: The AC swing is typically 1 1 V P . P , 7V P _ P , 2.8V P . P , with ±7.5V, ±5V, ±2.5V 

Supply respectively. For more information refer to the THD + Noise vs Input graphs. 



0 2 4 6 8 10 12 14 16 18 20 

FREQUENCY (kHz) 

1164-7 F01 

Figure 1 . Phase Response in the Passband (Note 1) 
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Tvpicni P€RFORmnnc€ characteristics 


Passband Gain vs Frequency 



10 10 100 1000 


FREQUENCY (kHz) 


Passband Gain vs Frequency and 



FREQUENCY (kHz) 


Passband Gain vs Frequency and 
feu atT A = 85°C 



1064-7 G08 


1064-7 G10 


Passband Gain vs Frequency 
and feu 



FREQUENCY (kHz) 

1064-7 G11 


Passband Gain vs Frequency and 
fcLK atT A = 85°C 



_g | I I I II II Ml II I II III II II 

1 10 100 


FREQUENCY (kHz) 

1064-7 G12 


Delay vs Frequency and Iclk 


■n 




v s = 
Ta = 

(f CL 

1 

±5V 

K/fc) C = 50:1 _ 

1 

K = 0.5MHz 

, 1 RMU-? 


\ 



A.f C L 

B-fCL 

C-fCL 

D-fcL 


\ 



K = 2.5 
K = 3-5 

MHz 

MHz 

B 




S 



C 










D 








2 12 22 32 42 52 62 72 

FREQUENCY (kHz) 


Delay vs Frequency and Iclk 

250 


200 


Q 100 


50 


0 

1 6 11 16 21 26 31 36 

FREQUENCY (kHz) 






v s = 
Ta = 

1 

±5V 

ocop 

/f c ) = 100:1 - 
1 

K = 0.5MHz 
„ - 1 cjiwih? _ 


C 



A- f C L 
-B.fci 
C-fCL 

D.fci 


5 



K = 2.5 
K = 3.5 

MHz 

MHz 

B 







js_ 










D 








1064-7 G14 


THD + Noise vs Frequency 
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LTC 1064-7 


typical P€RFORmnnc€ characteristics 

Table 1. Passband Gain and Phase 
V s = ±7.5V, (fcLK/fc) = 50:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

f CL K = 1MHz (Typical Unit) 

0.000 

- 0.086 

180.00 

5.000 

- 0.086 

73.54 

10.000 

- 0.334 

- 33.60 

15.000 

- 1.051 

- 140.81 

20.000 

- 3.316 

- 249.30 

f CL K = 2IVIHz (Typical Unit) 

0.000 

- 0.131 

180.00 

10.000 

- 0.131 

72.88 

20.000 

- 0.442 

- 34.71 

30.000 

- 1.108 

- 141.99 

40.000 

- 3.115 

- 250.45 

fdK = 3MHz (Typical Unit) 

0.000 

- 0.156 

180.00 

15.000 

- 0.156 

72.54 

30.000 

- 0.459 

- 35.01 

45.000 

- 0.941 

- 141.95 

60.000 

- 2.508 

- 250.53 

f CL K = 4MHz (Typical Unit) 

0.000 

- 0.121 

180.00 

20.000 

- 0.121 

72.12 

40.000 

- 0.292 

- 35.75 

60.000 

- 0.476 

- 142.92 

80.000 

- 1.539 

- 252.63 

f CLK - 5MHz (Typical Unit) 

0.000 

- 0.045 

180.00 

25.000 

- 0.045 

70.85 

50.000 

- 0.006 

- 38.25 

75.000 

0.185 

- 146.77 

100.000 

- 0.356 

- 259.27 

Table 2. Passband Gain and Phase 


V s = ±7.5V, (fcLK/fc) = 100:1, T a = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fcLK = 1MHz (Typical Unit) 

0.000 

- 0.203 

180.00 

2.500 

- 0.203 

74.07 

5.000 

- 0.741 

- 31.71 

7.500 

- 1.831 

- 136.47 

10.000 

- 4.451 

- 240.17 

f CL K = 2MHz (Typical Unit) 

0.000 

- 0.152 

180.00 

5.000 

- 0.152 

73.79 

10.000 

- 0.575 

- 32.47 

15.000 

- 1.501 

- 138.11 

20.000 

- 3.973 

- 243.84 

fdK = 3MHz (Typical Unit) 

0.000 

- 0.123 

180.00 

7.500 

- 0.123 

73.32 

15.000 

- 0.481 

- 33.64 

22.500 

- 1.312 

- 140.14 

30.000 

- 3.654 

- 247.11 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fdK - 4MHz (Typical Unit) 

0.000 

- 0.116 

180.00 

10.000 

- 0.116 

72.49 

20.000 

- 0.436 

- 35.21 

30.000 

- 1.171 

- 142.33 

40.000 

- 3.353 

- 250.12 

fdK = 5MHz (Typical Unit) 



0.000 

- 0.097 

180.00 

12.500 

- 0.097 

71.00 

25.000 

- 0.351 

- 38.08 

37.500 

- 0.951 

- 146.51 

50.000 

- 2.999 

- 256.13 

Table 3. Passband Gain and Phase 


Vs = ±5V, (fcu</fc) = 50:1, T A 

= 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

Iclk = 0.5MHz (Typical Unit) 

0.000 

- 0.081 

180.00 

2.500 

- 0.081 

73.71 

5.000 

- 0.345 

- 33.31 

7.500 

- 1.063 

- 140.36 

10.000 

- 3.283 

- 248.52 

fdK = 1MHz (Typical Unit) 

0.000 

- 0.071 

180.00 

5.000 

- 0.071 

73.44 

10.000 

- 0.322 

- 33.83 

15.000 

- 1.036 

- 141.13 

20.000 

- 3.284 

- 249.68 

f CL K = 1 -5MHz (Typical Unit) 

0.000 

- 0.095 

180.00 

7.500 

- 0.095 

73.03 

15.000 

- 0.392 

- 34.53 

22.500 

- 1.075 

- 141.89 

30.000 

- 3.155 

- 250.45 

fdK = 2 MHz (Typical Unit) 

0.000 

- 0.127 

180.00 

10.000 

- 0.127 

72.81 

20.000 

- 0.447 

- 34.70 

30.000 

- 1.041 

- 141.77 

40.000 

- 2.856 

- 250.24 

f C LK = 2.5MHz (Typical Unit) 

0.000 

- 0.126 

180.00 

12.500 

- 0.126 

72.61 

25.000 

- 0.411 

- 34.91 

37.500 

- 0.864 

- 141.88 

50.000 

- 2.397 

- 250.62 

f CLK = 3MHz (Typical Unit) 



0.000 

- 0.102 

180.00 

15.000 

- 0.102 

72.23 

30.000 

- 0.292 

- 35.64 

45.000 

- 0.546 

- 142.96 

60.000 

- 1.769 

- 252.73 
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Table 3. Passband Gain and Phase Table 5. Passband Gain and Phase 

V s = ±5V, (fcLK/fc) = 50:1 . T a = 25°C V s = Single 5V, (f C L K /fc) = 50:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fdK = 3.5MHz (Typical Unit) 



f CL K = 0.5MHz (Typical Unit) 



0.000 

- 0.054 

180.00 

0.000 

- 0.134 

180.00 

17.500 

- 0.054 

71.07 

2.500 

- 0.134 

73.52 

35.000 

- 0.108 

- 38.00 

5.000 

- 0.391 

- 33.67 

52.500 

- 0.137 

- 146.68 

7.500 

- 1.109 

- 140.92 

70.000 

- 1.104 

- 258.97 

10.000 

- 3.351 

- 249.32 




f CL K = 1MHz (Typical Unit) 



Table 4. Passband Gain and Phase 


0.000 

- 0.148 

180.00 

Vs = ±5V, (fcLK/fc) = 100:1 ,T a = 25°C 


5.000 

- 0.148 

73.07 




10.000 

- 0.423 

- 34.63 

FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

15.000 

- 1.111 

- 142.25 

fdK = 0.5MHz (Typical Unit) 



20.000 

- 3.241 

- 251.03 

0.000 

- 0.186 

180.00 

f C LK = 1.5MHz (Typical Unit) 



1.250 

- 0.186 

74.10 

0.000 

- 0.157 

180.00 

2.500 

- 0.726 

- 31.65 

7.500 

- 0.157 

72.73 

3.750 

- 1.805 

- 136.48 

15.000 

- 0.456 

- 34.83 

5.000 

- 4.402 

- 240.33 

22.500 

- 0.981 

- 142.08 

f C LK = 1MHz (Typical Unit) 



30.000 

- 2.687 

- 251.09 

0.000 

- 0.184 

180.00 

fcu( = 2MHz (Typical Unit) 



2.500 

- 0.184 

74.02 

0.000 

- 0.188 

180.00 

5.000 

- 0.712 

- 31.80 

10.000 

- 0.188 

71.37 

7.500 

- 1.785 

- 136.61 

20.000 

- 0.304 

- 37.52 

10.000 

- 4.387 

- 240.43 

30.000 

- 0.513 

- 146.11 

fdK = 1.5MHz (Typical Unit) 



40.000 

- 1.824 

- 257.46 

0.000 

- 0.145 

180.00 




3.750 

- 0.145 

73.84 

Table 6. Passband Gain and Phase 


7.500 

- 0.596 

- 32.32 

V S = Single 5V, (f C uc/fc) = 

100:1, T A = 25°C 


11.250 

- 1.556 

- 137.73 




15.000 

- 4.047 

- 242.95 

FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

f CL K = 2MHz (Typical Unit) 



f CL K = 0.5MHz (Typical Unit) 



0.000 

- 0.116 

180.00 

0.000 

- 0.243 

180.00 

5.000 

- 0.116 

73.64 

1.250 

- 0.243 

73.91 

10.000 

- 0.494 

- 32.93 

2.500 

- 0.776 

- 31.98 

15.000 

- 1.361 

- 139.03 

3.750 

- 1.861 

- 136.98 

20.000 

- 3.761 

- 245.57 

5.000 

- 4.483 

- 240.90 

fm k = 2.5MHz (Typical Unit) 



f C LK = 1MHz (Typical Unit) 



0.000 

- 0.101 

180.00 

0.000 

- 0.208 

180.00 

6.250 

- 0.101 

73.17 

2.500 

- 0.208 

73.76 

12.500 

- 0.452 

- 33.93 

5.000 

- 0.678 

- 32.47 

18.750 

- 1.273 

- 140.58 

7.500 

- 1.679 

- 137.87 

25.000 

- 3.611 

- 247.80 

10.000 

- 4.221 

- 242.65 

fcu( = 3MHz (Typical Unit) 



f CL K = 1.5MHz (Typical Unit) 



0.000 

- 0.105 

180.00 

0.000 

- 0.115 

180.00 

7.500 

- 0.105 

72.36 

3.750 

- 0.115 

73.26 

15.000 

- 0.445 

- 35.47 

7.500 

- 0.473 

- 33.73 

22.500 

- 1.228 

- 142.70 

11.250 

- 1.314 

- 140.40 

30.000 

- 3.509 

- 250.58 

15.000 

- 3.715 

- 247.66 

f CL K = 3.5MHzMHz (Typical Unit) 



f C LK = 2MHz (Typical Unit) 



0.000 

- 0.104 

180.00 

0.000 

- 0.209 

180.00 

8.750 

- 0.104 

70.81 

5.000 

- 0.209 

71.18 

17.500 

- 0.437 

- 38.39 

10.000 

- 0.499 

- 37.85 

26.250 

- 1.188 

- 146.85 

15.000 

- 1.281 

- 146.27 

35.000 

- 3.478 

- 256.10 

20.000 

- 3.695 

- 255.38 
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Power Supply Pins (4, 12) 

The V + (pin 4) and the V ~ (pin 1 2) should be bypassed with 
a O.lpF capacitor to an adequate analog ground. The 
filter’s power supplies should be isolated from other 
digital or high voltage analog supplies. A low noise linear 
supply is recommended. Using a switching power supply 
will lowerthe signal-to-noise ratio of the filter. The supply 
during power-up should have a slew rate less than 1 V/ps. 
When V + is applied before V" and V” is allowed to go 
above ground, a signal diode should clamp V~to prevent 
latch-up. Figures 2 and 3 show typical connections for 
dual and single supply operation. 



Figure 2. Dual Supply Operation for an IclkAcutoff = 50:1 



Figure 3. Single Supply Operation for an fcLK/ f cuTOFF = 50:1 


Clock Input Pin (11) 

Any TTL or CMOS clock source with a square-wave output 
and 50% duty cycle (±10%) is an adequate clock source 
for the device. The power supply for the clock source 
should not be the filter’s power supply. The analog ground 


for the filter should be connected to clock’s ground at a 
single point only. Table 7 shows the clock’s low and high 
level threshold values foradual orsingle supply operation. 
A pulse generator can be used as a clock source provided 
the high level ON time is greaterthan 0.1 gs. Sine waves are 
not recommended for clock input frequencies less than 
100kHz, since excessively slow clock rise or fall times 
generate internal clock jitter (maximum clock rise or fall 
time < 1 pis). The clock signal should be routed from the 
right side of the 1C package and perpendicular to it to avoid 
coupling to any input or output analog signal path. A2000 
resistor between clock source and pin 11 will slow down 
the rise and fall times of the clock to further reduce charge 
coupling (Figures 2 and 3). 


Table 7. Clock Source High and Low Threshold Levels 


POWER SUPPLY 

HIGH LEVEL 

LOW LEVEL 

Dual Supply = ±7.5V 

> 2.18V 

< 0.5V 

Dual Supply = ±5V 

> 1.45V 

< 0.5V 

Dual Supply = ±2.5V 

> 0.73V 

<-2.0V 

Single Supply = 12V 

> 7.80V 

< 6.5V 

Single Suppl = 5V 

> 1.45V 

< 0.5V 


Analog Ground Pins (3, 5) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane surrounding the pack- 
age is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pin 3 should be connected to the analog 
ground plane. For single supply operation pin 3 should be 
biased at 1/2 supply and should be bypassed to the analog 
ground plane with at least a IpF capacitor (Figure 3). For 
single 5V operation at the highest fcLK of 2MHz, pin 3 
should be biased at 2V. This minimizes passband gain and 
phase variations. 

Ratio Input Pin (10) 

The DC level at this pin determines the ratio of the clock 
frequency to the cutoff frequency of the filter. Pin 10atV + 
gives a 50:1 ratio and pin 1 0 at \T gives a 100:1 ratio. For 
single supply operation the ratio is 50:1 when pin 10 is at 
V + and 1 00:1 when pin 1 0 is at ground. When pin 1 0 is not 
tied to ground, it should be bypassed to analog ground 
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with a 0.1 jaF capacitor. If the DC level at pin 1 0 is switched 
mechanically or electrically at slew rates greater than 
1 V/ps while the device is operating, a 1 0k resistor should 
be connected between pin 10 and the DC source. 

Filter Input Pin (2) 

The input pin is connected internally through a 40k resis- 
tor tied to the inverting input of an op amp. 

Filter Output Pins (9, 6) 

Pin 9 is the specified output of the filter; it can typically 
source 3mA and sink 1mA. Driving coaxial cables or 
resistive loads less than 20k will degrade the total har- 
monic distortion of the filter. When evaluating the device’s 
distortion an output buffer is required. A noninverting 
buffer, Figure 4, can be used provided that its input 
common-mode range is well within the filter’s output 
swing. Pin 6 is an intermediate filter output providing an 
unspecified 6th order lowpass filter. Pin 6 should not be 
loaded. 


External Connection Pins (7, 14) 

Pins 7 and 14 should be connected together. In a printed 
circuit board the connection should be done under the 1C 
package through a short trace surrounded by the analog 
ground plane. 

NC Pins (1,5,8,13) 

Pins 1 , 5, 8 and 1 3 are not connected to any internal circuit 
point on the device and should preferably be tied to analog 
ground. 



Figure 4. Buffer for Filter Output 


nppucOTions inpoRmnnon 

Clock Feedthrough 

Clockfeedthrough is defined as the RMS value of the clock 
frequency and its harmonics that are present at the filter’s 
output pin (9). The clock feedthrough is tested with the 
input pin (2) grounded and it depends on PC board layout 
and on the value of the power supplies. With proper layout 
techniques the values of the clockfeedthrough are shown 
in Table 8. 


Table 8. Clock Feedthrough 


Vs 

50:1 

100:1 

Single 5V 

90mVrms 

1 OOjjVrms 

+5V 

IOOmVrms 

300^iVr MS 

±7.5V 

1 20jjVrms 

650|oVr M s 


Note: The clock feedthrough at single 5 V is imbedded in the 
wideband noise of the filter. Clock waveform is a square wave. 


Any parasitic switching transients during the rise and fall 
edges of the incoming clock are not part of the clock 
feedthrough specifications. Switching transients have fre- 
quency contents much higher than the applied clock; their 


amplitude strongly depends on scope probing techniques 
as well as grounding and power supply bypassing. The 
clock feedthrough, if bothersome, can be greatly reduced 
by adding a simple R/C lowpass network at the output of 
the filter pin (9). This R/C will completely eliminate any 
switching transients. 

Wideband Noise 

The wideband noise of the filter is the total RMS value of 
the device’s noise spectral density and it is used to 
determine the operating signal-to-noise ratio. Most of its 
frequency contents lie within the filter passband and it 
cannot be reduced with post filtering. For instance, the 
LTC1 064-7 wideband noise at +5V supply is 105|A/rms, 
95m.Vrms of which have frequency contents from DC up to 
the filter’s cutoff frequency. The total wideband noise 
(M-Vrms) is nearly independent of the value of the clock. 
The clock feedthrough specifications are not part of the 
wideband noise. 
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Speed Limitations 

To avoid op amp slew rate limiting at maximum clock 
frequencies, the signal amplitude should be kept below a 
specified level as shown in Table 9. 


Table 9. Maximum V| N vs Vs and Clock 


POWER SUPPLY 

MAXIMUM f CL K 

MAXIMUM V, N 

±7.5V 

5.0MHz 

1 -SVrms (fiN > 80kHz) 


4.5MHz 

2.3V RMS (fiN > 80kHz) 


4.0MHz 

2.7V RMS (f,N> 80kHz) 


> 3.5MHz 

1.4Vr MS (f| N > 500kHz) 

±5V 

3.5MHz 

1-6VRMS (f|N> 80kHz) 


>3.0MHz 

0-7Vrms (f|N > 400kHz) 

Single 5 V 

2.0MHz 

0.5VRMS (fiN > 250kHz) 


Table 10. Transient Response of LTC Lowpass Filters 



DELAY 

RISE 

SETTLING 

OVER- 


TIME* 

TIME** 

TIME*** 

SHOOT 

LOWPASS FILTER 

(SEC) 

(SEC) 

(SEC) 

(%) 

LTC1 064-3 Bessel 

0.50/fc 

0.34/fc 

0.80/fc 

0.5 

LTC1 164-5 Bessel 

0.43/fc 

0.34/fc 

0.85/fc 

0 

LTC1 164-6 Bessel 

0.43/f c 

0.34/fc 

1.15/fc 

1 

LTC1 264-7 Linear Phase 

1.15/fc 

0.36/fc 

2.05/fc 

5 

LTC1 164-7 Linear Phase 

1.20/fc 

0.39/fc 

2.2/fc 

5 

LTC1 064-7 Linear Phase 

1.20/fc 

0.39/fc 

2.2/fc 

5 

LTC1 164-5 Butterworth 

0.80/fc 

0.48/fc 

2.4/fc 

11 

LTC1 164-6 Elliptic 

0.85/fc 

0.54/fc 

4.3/fc 

18 

LTC1 064-4 Elliptic 

0.90/fc 

0.54/fc 

4.5/fc 

20 

LTC1 064-1 Elliptic 

0.85/fc 

0.54/fc 

6.5/fc 

20 


* To 50% ±5%, ** 10% to 90% ±5%, *** To 1% ±0.5% 


Table 11. Aliasing (f CL K = 100kHz) 


INPUT FREQUENCY 

OUTPUT LEVEL 

OUTPUT FREQUENCY 

(V| N = IVrivis, 

(Relative to Input, 

(Aliased Frequency 

f|N = fcLK±f0UT) 

OdB = IVrms) 

foUT = ABS [fcLK±f|Nl) 

(kHz) 

(dB) 

(kHz) 


50:1 , fcuTOFF = 2kHz 


190 (or 210) 

-76.1 

10.0 

195 (or 205) 

-51.9 

5.0 

196 (or 204) 

-36.3 

4.0 

197 (or 203) 

-18.4 

3.0 

198 (or 202) 

-3.0 

2.0 

199.5 (or 200.5) 

-0.2 

0.5 


100:1, fcuTOFF = 1kHz 


97 (or 103) 

-74.2 

3.0 

97.5 (or 102.5) 

-53.2 

2.5 

98 (or 102) 

-36.9 

2.0 

98.5 (or 101.5) 

-19.6 

1.5 

99 (or 101) 

-5.2 

1.0 

99.5 (or 100.5) 

-0.7 

0.5 


Transient Response 



50|OS/DIV 1064-7F05 


V s = ±7.5V, f|N = 2kHz ±3V 
f CL K = 1MHz, RATIO = 50:1 

Figure 5. 



OUTPUT 


RISE TIME (t r ) = ±5% 

fcUTOFF 

SETTLING TIME (t s ) = f -^~ ± 5 % 

(TO 1% of OUTPUT) CUT0FF 

DELAY TIME (t d ) = GROUP DELAY - f -^- 

(TO 50% OF OUTPUT) CUT0FF 


1064-7 F06 


Figure 6. 


Aliasing 

Aliasing is an inherent phenomenon of sampled data 
systems and it occurs when input frequencies close to the 
sampling frequency are applied. For the LTC1 064-7 case 
at 100:1, an input signal whose frequency is in the range 
offcLK±3%, will be aliased back into the filter’s passband. 
If, for instance, an LTC1 064-7 operating with a 100kHz 
clock and 1 kHz cutoff frequency receives a 98kHz, 1 0mV 
input signal, a 2kHz, 143 jxVrms alias signal will appear at 
its output. When the LTC1 064-7 operates with a clock-to- 
cutoff frequency of 50:1 , aliasing occurs at twice the clock 
frequency. Table 11 shows details. 
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F€flTUR€S 

■ Clock-Tunable Cutoff Frequency 

■ 1 mV DC Offset (Typical) 

■ 80dB CMR (Typical) 

■ Internal or External Clock 

■ 50|xVrms Clock Feedthrough 

■ 100:1 Clock-to-Cutoff Frequency Ratio 

■ 80|xVrms Total Wideband Noise 

■ 0.004% Noise + THD at 2 Vrms Output Level 

■ 50kHz Maximum Cutoff Frequency 

■ Cascadable for Faster Roll-Off 

■ Operates from ±2.375V to ±8 V Power Supplies 

■ Self-Clocking with 1 RC 

APPUCATIORS 

■ Audio 

■ Strain Gauge Amplifiers 

■ Anti-Aliasing Filters 

■ Low Level Filtering 

■ Digital Voltmeters 

■ Smoothing Filters 

■ Reconstruction Filters 


DC Accurate, Clock-Tunable 
Linear Phase 5th Order Bessel 
Lowpass Filter 

DCSCRIPTIOn 

The LTC1065 is the first monolithic filter providing both 
clock-tunability with low DC output offset and over 12-bit 
DC accuracy. The frequency response of the LTC1065 
closely approximates a 5th order Bessel polynomial. With 
appropriate PCB layout techniques the output DC offset is 
typically 1 mV and is constant over a wide range of clock 
frequencies. With +5 V supplies and ±4V input voltage 
range, the CMR of the device is typically 80dB. 

The filter cutoff frequency is controlled either by an inter- 
nal or external clock. The clock-to-cutoff frequency ratio is 
100:1. The on-board clock is nearly power supply inde- 
pendent and it is programmed via an external RC. The 
50|xVrms clock feedthrough of the device is considerably 
lower than other existing monolithic filters. 

The LTC1065 wideband noise is 80 pVrms and it can 
process large AC input signals with low distortion. With 
±7.5V supplies, for instance, the filter handles up to 
4Vrms (94dB S/N ratio) while the standard 1kHz THD is 
below 0.005%; 87dB dynamic range (S/N + THD) is ob- 
tained with input levels between 2Vrms and 2.5Vrm$. 

The LTC1 065 is available in 8-pin miniDIP and 1 6-pin SOL. 
For a Butterworth response, see LTC1 063 data sheet. The 
LTC1065 is pin compatible with the LTC1063. 


tvpicai nppucOTion 

3.4kHz Single 5V Supply Bessel Lowpass Filter 



1 SELF-CLOCKING SCHEME 



FREQUENCY (kHz) 

1065 TA02 
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absolute mnximum rrtirgs 

Total Supply Voltage (V + to V') 16.5V 

Power Dissipation 400mW 

Voltage at Any Input .... (V - 0.3V) < V, N < (V + + 0.3V) 

Burn-In Voltage 16V 

Storage Temperature Range -65°C to 150°C 


Operating Temperature Range 

LTC1065C -40°C to 85°C 

LTC1065M -55°C to 125°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER MFORmRTIOR 


TOP VIEW 

Vin 
GND 
V~ 

CLK OUT 

J8 PACKAGE 
8-LEAD CERAMIC DIP 
N8 PACKAGE 
8-LEAD PLASTIC DIP 


E 

^ 

J] Vos ADJ 

E 


H V OUT 

E 


T| v + 

E 


T] CLK IN 


Tjmax = 150°C, 0JA = 1OO°C/W (J) 
Tjmax = 100°C, 0j A = 11O°C/W (N) 


ORDER PART 
NUMBER 


LTC1065CN8 

LTC1065MJ8 


TOP VIEW 
NC 
Vin 
GND 
NC 
V" 

NC 
NC 

CLK OUT 

S PACKAGE 
16-LEAD PLASTIC SOL 

Tjmax = 1OO°C,0 JA = 85°C/W 



ORDER PART 
NUMBER 


LTC1065CS 


Consult factory for Industrial grade parts. 


ELECTRICAL CHARACTERISTICS 


Vs = ±5V, feu = 500kHz, fc = 5kHz, Rl = 10k, T A = 25°C, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Clock-to-Cutoff Frequency Ratio (fcu</fc) 

±2.375V< V s <±7.5V 


100+0.5 


Maximum Clock Frequency (Note 1) 

V s = ±7.5V 



5 


MHz 


V s = +5V 



4 


MHz 


V s = ±2.5V 



3 


MHz 

Minimum Clock Frequency (Note 2) 

+2.5V < V s <±7.5V, T A < 85°C 


30 

Hz 

Input Frequency Range 



0 


0.9fcLK 


Filter Gain 

V s = ±5V, f C LK = 25kHz, f c = 250Hz 







f| N = 250Hz 

• 

-3.5 

-3.1 

-2.7 

dB 


fiN = 1kHz 

• 

-43.0 

-41.0 

-39.0 

dB 


V s = ±5V, f C LK = 500kHz, fc = 5kHz 







f )N = 100Hz 



0 


dB 


fiiM = 1 kHz = 0.2f c 

• 

-0.215 

-0.175 

-0.135 

dB 


f !N = 2.5kHz = 0.5f c 

• 

-1.1 

-0.972 

-0.84 

dB 


fiN = 4kHz = 0.8f c 

• 

-2.35 

-2.13 

-1.9 

dB 


fiN = 5kHz = fc 

• 

-3.35 

-3.1 

-2.83 

dB 


fiN = 10kHz = 2f c 

• 

-14.63 

-14.15 

-13.7 

dB 


f, N = 20kHz = 4f c 

• 

-43.0 

-41.15 

-39.0 

dB 
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ELECTRICAL CHARACTERISTICS 


V s = ±5V, f C LK = 500kHz, f c = 5kHz, R L = 10k, T A = 25°C, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Filter Gain 

V s = ±2. 375V, f CL K = 500kHz, f c = 5kHz 







f,N = 1 kHz 

• 

-0.225 

-0.185 

-0.145 

dB 


f| N = 2.5kHz 

• 

-1.1 

-1.0 

-0.83 

dB 


f IN = 4 kHz 

• 

-2.35 

-2.15 

-1.9 

dB 


f in = 5kHz 

• 

-3.35 

-3.1 

-2.83 

dB 


fiN = 10kHz 

• 

-14.63 

-14.1 

-13.7 

dB 

Clock Feedthrough 

±2. 375V < V s <±7.5V 


50 

HVrMS 

Wideband Noise (Note 3) 

±2.375V<V s <±7.5V,1Hz<f<f CL K 


80 

PVrMS 

THD + Wideband Noise (Note 4) 

V s = ±7.5V,f c = 20kHz, f| N = 1kHz, 



-87 


dB 


2Vrms^V| N <2.5Vrms 






Filter Output ± DC Swing 

V s = ±2.375V 


1.5/-2.0 

1.7/-2.2 


V 



• 

1.3/- 1.8 



V 


V s = ±5V 


4.0/-4.5 

4.3/-4.8 


V 



• 

3.8/— 4.3 



V 


V s = ±7.5V 


6.5/-7.0 

6.8/- 7.3 


V 



• 

6.3/- 6.8 



V 

Input Bias Current 



10 

nA 

Dynamic Input Impedance 



800 

MQ 

Output DC Offset (Note 5) 

V s = ±2.375V 



2 


mV 


V s = ±5V 



0 

±5 

mV 


V s = ±7.5V 



-4 


mV 

Output DC Offset Drift 

V s = ±2. 375V 



10 


juV/°C 


V s = ±5V 



20 


|LlV/ 0 C 


V s = ±7.5V 



25 


^iV/°C 

Self-Clocking Frequency (fosc) 

R (Pin 4 to 5) = 20k, C (Pin 5 to GND) = 470pF 







V s = ±2. 375V 


99 

103 

112 

kHz 


LTC1065C 

• 

95 

103 

112 

kHz 


LTC1065M 

• 

92 

100 

112 

kHz 


V s = ±5V 


100 

106 

112 

kHz 


LTC1065C 

• 

98 

106 

114 

kHz 


LTC1065M 

• 

97 

105 

114 

khz 


V s = ±7.5V 


102 

106 

114 

kHz 


LTC1065C 

• 

101 

109 

116 

kHz 


LTC1065M 

• 

100 

108 

116 

kHz 

External CLK Pin Logic Thresholds 

V s = ±2.375 V Min Logical “1” 



1.43 


V 


Max Logical “0” 



0.47 


V 


Vs = ±5V MinLogicalT’ 



3 


V 


Max Logical “0” 



1 


V 


V S = ±7.5V Min Logical “1” 



4.5 


V 


Max Logical “0” 



1.5 


V 

Power Supply Current 

V s = ±2.375V, f C LK = 500kHz 



2.5 

4.0 

mA 


LTC1065C 

• 



5.5 

mA 


LTC1065M 

• 



6.0 

mA 


V S = ±5V,f CL K = 500kHz 



5.5 

9 

mA 


LTC1065C 

• 



11 

mA 


LTC1065M 

• 



12 

mA 


V s = ±7.5V,f CL K = 500kHz 



7.0 

12.0 

mA 


LTC1065C 

• 



14.5 

mA 


LTC1065M 

• 



16.0 

mA 
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€l€CTRICRl CHARACTCRISTICS 

The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: The maximum clock frequency is arbitrarily defined as: the 
frequency at which the filter AC response exhibits > 1 dB of gain peaking. 
Note 2: At limited temperature ranges (i.e., T A < 50°C) the minimum clock 
frequency can be as low as 10Hz. The typical minimum clock frequency is 
arbitrarily defined as: the clock frequency at which the output DC offset 
changes by more than 1 mV. 


Note 3: The wideband noise specification does not include the clock 
feedthrough. 

Note 4: To properly evaluate the filter’s harmonic distortion an inverting 
output buffer is recommended. An output buffer (although recommended) 
is not necessarily needed when measuring output DC offset or wideband 
noise (see Figure 3). 

Note 5: The output DC offset is optimized for ±5V supply. The output DC 
offset shifts when the power supplies change; however this phenomenon 
is repeatable and predictable. 


TVPICAl P€RFORmAflC€ CHARACTtRISTICS 


Self-Clocking Frequency vs R 



300 

FREQUENCY (kHz) 


Output Offset vs Clock, 
Low Clock Rates 


40 | A. T a = 25°C 

35 Ut A = 85°C. 



Output Offset vs Clock 
Medium Clock Rates 



i 







/ S = ±7.5\ 


















/ s = ±5V 
























V S = ±2.5' 

V 





i 

r 





EXTERNAL CLOCK FREQUENCY (Hz) 


EXTERNAL CLOCK FREQUENCY (kHz) 


Gain vs Frequency; V$ = ±2.5V 



-A. f CL K = 0.5MHz- 

B. f CL K = 1MHz 

C. f C |_K = 2MHz " 

f4+fHf 

V|N = 750mV R MS 

~T A = 25°C 


Gain vs Frequency; V$ = ±5V 


< _ n A.f CL K = 1MHz 
° ~ 50 -B.f C LK = 2MHz-- 
-60 _C tcLK = 3MHz_. 

D. f C LK = 4MHz 
-70 — II i' - H - 
V| N = 1.4Vrms 
~ 80 "T A = 25°C 


Gain vs Frequency; V$ = ±7.5V 



. -40 -A.f C LK = 1MHz- 
\ Kn B.f CLK = 2MHz 
5 “50 -C.f C LK = 3MHz- 
_60 _D-fcLK = 4MHz_ 
E. f CL K = 5MHz 

-70 — 4- 4 4 H f 
V| N = 1.4Vrms 
" 80 "~T a = 25°C " 


INPUT FREQUENCY (kHz) 


INPUT FREQUENCY (kHz) 


INPUT FREQUENCY (kHz) 
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THD + Noise vs Input Voltage; 
V s = Single 5V, AGND = 2V 
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INPUT (V RMS ) 

1065 G07 


THD vs Frequency; 

V s = Single 5V, AGND = 2V 


i | 

EVim = 0.75Vrm S , S/N = 80dB; 
— f c = 5kHz, f C LK = 500kHz 
_T A = 25°C 


0.1 



FREQUENCY (kHz) 


1065 G08 


THD + Noise vs Input Voltage; 



0.1 1 5 

INPUT (Vrms) 


1065 G09 


THD vs Frequency; Vs = ±5V 


— V|n = 1.5Vrms 
—f C = 10kHz. f CL K 1 
"T a = 25°C 
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FREQUENCY (kHz) 


THD + Noise vs Input Voltage; 
V s = ±7.5 V 



1065 G11 


THD vs Frequency; 
V S = ±7.5V 


0.001 
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Passband Gain and Phase 
vs Input Frequency 



Typical Phase Matching 
Device to Device 



Power Supply Current vs 



0 2 4 6 8 10 12 14 16 18 20 

TOTAL POWER SUPPLY VOLTAGE (V) 
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Transient Response 



HORIZONTAL: O.lms/DIV, VERTICAL: 2V/DIV 
V s = ±5V,f c = 10kHz, Vim = tkHz±3V P 
SQUARE WAVE 


1066 G16 



036 9 12 15 18 21 

INPUT FREQUENCY (kHz) 
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Power Supply Pins (Pins 6, 3, N Package) 

The positive and negative supply pin should be bypassed 
with a high quality 0.1 pF ceramic capacitor. In applications 
where the clock pin (5) is externally swept to provide 
several cutoff frequencies, the output DC offset variation 
is minimized by connecting an additional IpF solid tanta- 
lum capacitor in parallel with the 0.1 pF disc ceramic. This 
technique was used to generate the graphs of the output 
DC offset variation versus clock; they are illustrated in the 
Typical Performance Characteristics section. 

When the power supply voltage exceeds +7V, and when 
V" is applied before V + (if V + is allowed to go below 
ground) connect a signal diode between the positive 
supply pin and ground to prevent latch-up (see Typical 
Applications). 

Ground Pin (Pin 2, N Package) 

The ground pin merges the internal analog and digital 
ground paths. The potential of the ground pin is the 
reference for the internal switched-capacitor resistors, 
and the reference for the external clock. The positive input 
of the internal op amp is also tied to the ground pin. 

For dual supply operation, the ground pin should be 
connected to a high quality AC and DC ground. A ground 
plane, if possible, should be used. A poor ground will 


degrade DC offset and it will increase clock feedthrough, 
noise and distortion. 

A small amount of AC current flows out of the ground pin 
whether or not the internal oscillator is used. The fre- 
quency of the ground current equals the frequency of the 
clock. The average value of this current is approximately 
55pA, 1 1 0pA, 1 70pA for ±2.5V, ±5V and ±7.5V supplies 
respectively. 

For single supply operation, the ground pin should be 
preferably biased at half supply (see Typical Applications). 

Vos Adjust Pin (Pin 8, N Package) 

The Vos adjust pin can be used to trim any small amount 
of output DC offset voltage orto introducea desired output 
DC level. The DC gain from the Vos adjust pin to the filter 
output pin equals two. 

Any DC voltage applied to this pin will reflect at the output 
pin of the filter multiplied by two. 

If the V os adjust pin is not used, it should be shorted to the 
ground pin. The DC biascurrentflowing into the Vos adjust 
pin is typically lOpA. 

The Vos adjust pin should always be connected to an AC 
ground; ACsignals applied to this pin will degrade thefilter 
response. 
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Input Pin (Pin 1, N Package) 

Pin 1 is the filter input and it is connected to an internal 
switched-capacitor resistor. If the input pin is left floating, 
the filter output will saturate. The DC input impedance of 
pin 1 is very high; with ±5 V supplies and 1 MHz clock, the 
DC input impedance is typically 1GQ. A resistor Rin in 
series with the input pin will not alter the value of the filter’s 
DC output offset (Figure 1 ). R| N should however, be limited 
to a maximum value (Table 1 ), otherwise the filter’s pass- 
band will be affected. Referto the Applications Information 
section for more details. 



Table 1. Rin(max) vs Clock and Power Supply 



R|N(MAX) 


V s = ± 7.5V 

V S = ±5V 

V s = ±2.5 V 

fdK = 4MHz 

1.82k 

- 

- 

f CLK = 3MHz 

3.01k 

2.49k 

- 

f C LK = 2MHz 

4.32k 

3.65k 

2.37k 

f C LK = 1MHz 

9.09k 

8.25k 

7.5k 

f CL K = 500kHz 

17.8k 

16.9k 

16.9k 

f CLK = 100kHz 

95.3k 

90.9k 

90.9k 


Output Pin (Pin 7, N Package) 

Pin 7 is the filter output. This pin can typically source over 
20mA and sink 2mA. Pin 7 should not drive long coax 
cables, otherwise the filter’s total harmonic distortion will 
degrade. The maximum load the filter output can drive and 
still maintain the distortion levels, shown in the Typical 
Performance Characteristics, is 20k. 

Clock Input Pin (Pin 5, N Package) 

An external clock, when applied to pin 5, tunes the filter 
cutoff frequency. The clock-to-cutoff frequency ratio is 


100:1. The high (Vhigh) ancl low (Vlow) dock logic 
threshold levels are illustrated in Table 2. Square wave 
clocks with duty cycles between 30% and 50% are strongly 
recommended. Sinewave clocks are not recommended. 


Table 2. Clock Pin Threshold Levels 


POWER SUPPLY 

Vhigh 

Vlow 

V s = ±2.5V 

1.5V 

0.5V 

V s = ±5V 

3V 

IV 

V s = +7.5V 

4.5V 

1.5V 

V S = ±8V 

4.8V 

1.6V 

V s = 5V, 0V 

4V 

3V 

V s = 12V, 0V 

9.6V 

7.2V 

V s =15V, 0V 

12V 

9 V 


Clock Output Pin (Pin 4, N Package) 

Any external clock applied to the clock input pin appears 
at the clock output pin. The duty cycle of the clock output 
equals the duty cycle of the external clock applied to the 
clock input pin. The clock output pin swings to the power 
supply rails. When the LTC1 065 is used in a self-clocking 
mode, the clock of the internal oscillator appears at the 
clock output pin with a 30% duty cycle. The clock output 
pin can be used to drive other LTC1065s or other ICs. The 
maximum capacitance, Cl(max). the clock output pin can 
drive is illustrated in Figure 2. 
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Figure 2. Maximum Load Capacitance at the Clock Output Pin 
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Self-Clocking Operation 

The LTC1 065 features an internal oscillator which can be 
tuned via an external RC. The LTC1 065’s internal oscillator 
is primarily intended for generation of clock frequencies 
below 500kHz. The first curve of the Typical Performance 
Characteristics section shows howto quickly choose the 
value of the RC for a given frequency. More precisely, the 
frequency of the internal oscillator is equal to: 

f C LK = K/RC 

For clock frequencies (fcLK) below 1 00kHz, K equals 1 .07. 
Figure 4b shows the variation of the parameter K versus 
clock frequency and power supply. First choose the de- 
sired clockfrequency (fcLK< 500kHz), then through Figure 
4b pick the right value of K, set C = 200pF and solve for R. 

Example 1 : fcuTOFF = 2kHz, fgLK = 200kHz, V$ = +5V, 

T a = 25°C, K = 1 .0, C = 200pF 

then, R = (1 ,0)/(200kHz x 204pF) = 24.5k. 



Figure 4a. 


Note a 4pF parasitic capacitance is assumed in parallel 
with the external 200pF timing capacitor. Figure 5 shows 
the clock frequency variation from -40°C to 85°C. The 
200kHz clock of Example 1 will change by— 1 .75% at 85°C. 

For a limited temperature range, the internal oscillator of 
the LTC1065 can be used to generate clock frequencies 
above 500kHz (Figures 6 and 7). The data of Figure 6 is 
derived from several devices. For a given external (RC) 
value, the observed device-to-device clockfrequency varia- 
tion was ±1 % (V s = ±5V), and ±1 .25% for V s = ±2.5V. 

Example 2: fcuTOFF = 20kHz, fcLK = 2MHz, Vs = ±7.5V, 
T A = 25°C, C = 1 0pF 
from Figure 6, K = 0.575, 

and, R = (0.575)/(2MHz x 1 4pF) = 20.5k. 



100 200 300 400 500 

INTERNAL CLOCK FREQUENCY (kHz) 


Figure 4b. feu vs K 
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0 100 200 300 400 500 

CLOCK FREQUENCY (kHz) 

1065 F05 

Figure 5 . Iclk vs Temperature 



0.5 1.0 1.5 2.0 2.5 3.0 

CLOCK FREQUENCY (MHz) 

1065 F06 

Figure 6 . fcLK vs K 



040 I 1 1 1 1 I LJSI 1 

0.5 1.0 1.5 2.0 2.5 3.0 


CLOCK FREQUENCY (MHz) 

1065 F07 


Figure 7 . f C LK vs K 


A 4pF parasitic capacitance is assumed in parallel with the 
external 1 0pF capacitor. A ±1 % clock frequency variation 
from device to device can be expected. The 2MHz clock 
frequency designed above will typically drift to 1 .74MHz at 
70°C (Figure 7). 

The internal clock of the LTC1 065 can be overridden by an 
external clock provided that the external clock source can 
drive the timing capacitor C, which is connected from the 
clock input pin to ground. 

Output Offset 

The DC output offset of the LTC1065 is trimmed to 
typically less than ±1mV. The trimming is done at Vs = 
+5 V. T o obtain optimum DC offset performance, appropri- 
ate PC layout techniques should be used and the filter 1C 
should be soldered to the PC board. A socket will degrade 
the output DC offset by typically 1 mV. The output DC offset 
is sensitive to the coupling of the clock output pin 4 (N 
package) to the negative power supply pin 3 (N package). 
The negative supply pin should be well decoupled. When 
the surface mount package is used, all NC pins should be 
grounded. When the output DC voltage is measured with 
a voltmeter, the filter output pin should be buffered. Long 
test leads should be avoided. 

With fixed power supplies, the output DC offset should not 
change by more than ±100pV over 10Hz to 1MHz clock 
frequency variation. When the filter clock frequency is 
fixed, the output DC offset will typically change by -4mV 
(2mV) when the power supply varies from ±5V to ±7.5 V 
(+2.5V). See Typical Performance Characteristics. 

Common-Mode Rejection 

The common-mode rejection is defined as the change of 
the output DC offset with respect to the DC change of the 
input voltage applied to the filter. 

CMR = 20log (AVos ouT/AV||\i)(dB) 

Table 3 illustrates the common-mode rejection for three 
power supplies and three temperatures. The common- 
mode rejection improves if the output offset is adjusted to 
approximately OV. The output offset can be adjusted via 
pin 8 (N package). See Typical Applications. 
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Table 3. CMR Data, f CLK = 100kHz 


POWER SUPPLY 

av, n 

-40°C 

25°C 

85°C 

25°C 

(V os Nulled) 

±2.5V 

±1.8V 

84dB 

83dB 

80dB 

83dB 

±5V 

±4V 

82dB 

78dB 

77dB 

78dB 

±7.5V 

±6V 

80dB 

77dB 

76dB 

80dB 


The above data is valid for clock frequencies up to 800kHz, 900kHz, 1 MHz, for 
Vs = ±2.5V, ±5V, ±7.5V respectively. 


Clock Feedthrough 

Clockfeedthrough is defined as the RMS value of the clock 
frequency and its harmonics which are present at the 
filter’s output pin. The clock feedthrough is tested with the 
filter input grounded and it depends on the quality of the 
PC board layout and power supply decoupling. Any para- 
sitic switching transients during the rise and fall of the 
incoming clock, are not part of the clock feedthrough 
specifications; their amplitude strongly depends on scope 
probing techniques as well as ground quality and power 
supply bypassing. For a power supply V$ = +5V, the clock 
feedthrough of the LTC1 065 is 50)liVrms; for Vs = ±7.5 V, 
the clock feedthrough approaches 75 |iVrms. Figures 8 
and 9 show a typical scope photo of the LTC1 065 output 
pin when the input pin is grounded. The filter cutoff 
frequency was 1 kHz, while scope bandwidth was chosen 
to be 1 MHz so that switching transients above the 1 00kHz 
clock frequency would show. 

Wideband Noise 

The wideband noise data is used to determine the operat- 
ing signal-to-noise ratio at a given distortion level. The 
wideband noise (hVrms) is nearly independent of the value 
of the clockfrequency and excludes the clockfeedthrough. 
The LTC1 065’s typical wideband noise is 80|aVrms- Figure 
9 shows the same scope photo as Figure 8 but with a more 
sensitive vertical scale. The clock feedthrough is imbed- 
ded in the filter’s wideband noise. The peak-to-peak wide- 
band noise of the filter can be clearly seen; it is approxi- 
mately 420|xVp.p. Note that 420|aVp.p equals the 80 ^Vrms 
wideband noise of the part multiplied by a crest factor 
of 5.25. 



2|js/DIV 

1065F08 

f CL K = 100kHz, f c = 1 kHz, V s = ±5V, 1 MHz SCOPE BW 


Figure 8. LTC1065 Output Clock Feedthrough + Noise 



2pis/DIV 

1063 F09 

f CL K = 100kHz, f c = 1kHz, V s = ±5V, 1MHz SCOPE BW 


Figure 9. LTC1065 Output Clock Feedthrough + Noise 
Aliasing 

Aliasing is an inherent phenomenon of sampled data 
filters. It primarily occurs when the frequency of an input 
signal approaches the sampling frequency. For the 
LTC1 065, an input signal whose frequency is in the range 
of fcLK ±6% will generate an alias signal into the filter’s 
passband and stopband. Table 4 shows details. 

Example: LTC1 065, f CL K = 20kHz, f c = 200kHz, 
fii\i = (19.6kHz, IOOitiVrms) 
f AUAS = (400Hz, 3.16mV RM s) 
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Table 4. Aliasing Data 


INPUT FREQUENCY 

OUTPUT FREQUENCY 

OUTPUT AMPLITUDE 
REFERENCED TO 
INPUT SIGNAL 

0.9995 f CLK 

0.0005 ^lk 

-0.01 dB 

0.995 f CLK 

0.005 fcLK 

-0.98 dB 

0.99 f CLK 

0.01 f C LK 

-3.13 dB 

0.9875 f CLK 

0.0125 f CL K 

-4.79 dB 

0.985 f CLK 

0.015 f CLK 

-7.21 dB 

0.9825 f CLK 

0.0175 f C LK 

-10.43 dB 

0.98 fcLK 

0.02 fcLK 

-14.14 dB 

0.975 f C LK 

0.025 f C LK 

-21.84 dB 

0-97 f C LK 

0.03 fcLK 

-28.98 dB 

0-965 f CLK 

0.035 fcLK 

-35.31 dB 

0.96 f C LK 

0.04 fcLK 

-40.94 dB 

0.955 f CLK 

0.045 f C LK 

-45.96 dB 

0.95 fcLK 

0.05 fcLK 

-50.46 dB 

0.94 f CLK 

0.06 f CLK 

-58.29 dB 

0.93 fcLK 

0.07 f C LK 

-64.90 dB 

0.9 fcLK 

0.1 fcLK 

-80.20 dB 


An input RC can be used to attenuate incoming signals 
close to the filter clock frequency (Figure 10). A Bessel 
passband response will be maintained if the value of the 
input resistor follows Table 1 . 
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20 ~~ 2tcRC ~~ 10 1065 fio 


Figure 10. Adding an Input Anti-Aliasing RC 
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Cascading Two LTC1065S for Steeper Roll-Off 


Sharing Clock for Multichannel Applications 




f c = (1/RC)(1/100) 

WIDEBAND NOISE = 110|aV RMS 
ATTENUATION AT f = 2f c = 60dB 
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Single 5V Supply Operation (fc = 3.4kHz) Adjusting Vqs(out) for 
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TECHNOLOGY 1 4-Bit DC Accurate 

Clock-Tunable, 8th Order Elliptic 
or Linear Phase Lowpass Filter 


F€RTUR€S 

■ DC Gain Linearity: 14 Bits 

■ Maximum DC Offset: +1 .5mV 

■ DC Offset TempCo: 7pV/°C 

■ Device Fully Tested at fcuTOFF = 80kHz 

■ Maximum Cutoff Frequency: 120kHz (Vs = ±8V) 

■ Drives 1 ki2 Load with 0.02% THD or Better 

■ Signal-to-Noise Ratio: 90dB 

■ Input Impedance: 500MQ 

■ Selectable Elliptic or Linear Phase Response 

■ Operates from Single 5 V up to +8V Power Supplies 

rppucrtiors 

■ Instrumentation 

■ Data Acquisition Systems 

■ Anti-Aliasing Filters 

■ Smoothing Filters 

■ Audio Signal Processing 


DCSCRIPTIOR 

The LTC1 066-1 is an 8th order elliptic lowpass filter which 
simultaneously provides clock-tunability and DC accu- 
racy. The unique and proprietary architecture of the filter 
allows 14 bits of DC gain linearity and a maximum of 
1.5mV DC offset. An external RC is required for DC 
accurate operation. With ±7.5V supplies, a 20k resistor 
and a IgF capacitor, the cutoff frequency can be tuned 
from 800Hz to 100kHz. A clock-tunable 10Hz to 100kHz 
operation can also be achieved (see Typical Application 
section). 

The filter does not require any external active components 
such as input/output buffers. The input/output impedance 
is500Mn/0.1fland the output of the filter can source or 
sink 40mA. When pin 8 is connected to V + , the clock-to- 
cutoff frequency ratio is 50:1 and the input signal is 
sampled twice per clock cycle to lower the risk of aliasing. 
For frequencies up to 0.75fcuTOFF. the passband ripple is 
±0.1 5dB. The gain at fcuTOFF is — IdB and the filter’s 
stopband attenuation is 80dB at 2.3fcuTOFF- Linear phase 
operation is also available with a clock-to-cutoff frequency 
ratio of 100:1 when pin 8 is connected to ground. 

The LTC1 066-1 is available in an 18-pin SOL package. 


TVPICRl RPPUCRTIOn 


Clock-Tunable, DC Accurate, 800Hz to 80kHz Elliptic Lowpass Filter 


SHORT CONNECTION UNDER 
1C AND SHIELDED BY A 
GROUND PLANE 
BYPASS THE POWER SUPPLIES 
WITH 0.1 nF DISC CERAMIC 


40kHz < f CL K ^ 4MHz 


20k 

-WV- 




Vim 

-7.5V 

7.5V 


OUT A 

V + 

+IN A 

+INB 


v LTCIOSO^I | 

V + 

CONNECT 1 

RLTERout 

50/100 

CLK 

FILTER IN 

COMP 2 

CONNECT 2 

COMP 1 

V" 


-7.5V 

■ Vout; 
VoS(OUT) = 
2.5mV MA x 


30k 

~WV — | 


15pF 


Amplitude Response 



FREQUENCY (Hz) 
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nBsoiUT€ maximum rrtirgs 


Total Supply Voltage (V + to V") 16.5V 

Power Dissipation , 700mW 

Burn-In Voltage 16.5V 

Voltage at Any Input (V“ - 0.3V) < Vin < (V + + 0.3V) 

Maximum Clock Frequency 

V s = +8V 6.1MHz 

V s = ±7.5V 5.4MHz 

V s = ±5V 4.1MHz 

V s = Single 5 V 1.8MHz 

Operating Temperature Range* 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


* For an extended operating temperature range contact LTC Marketing 
for details. 


PRCKRG€/ORD€R IRFORmRTIOn 



TOP VIEW 


ORDER PART 

OUTA [T 


u 

H] V + 

NUMBER 

-IN A [7 



W\ OUT B 


+IN A [7 



16] +INB 

LTC1 066-1 CS 

v [7 



HD GND 


v + [I 



iH FILTERim 


CONNECT 1 [F 



iH COMP 2 


FILTERout [L 



F] CONNECT 2 


50/100 [7 



0] COMP 1 


CLK [7 



no 



S PACKAGE 



18-LEAD PLASTIC SOL 


Tjmax 

110°C, Oja = 75°C/W 



Consult factory for other package options and for Industrial and Military 
grade parts. 


€l€CTRICfll CHARACTERISTICS (See Test Circuit) 

Vs = ±7.5V, R l = Ik, Ta = 25°C, fcLK signal level is TTL or CMOS (maximum clock rise or fall time < Ijos) unless otherwise specified. 
All AC gain measurements are referenced to passband gain. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband Gain (0.01 fcuTOFF to 0-25fcuTOFF) 

f C LK = 400kHz, f TES T = 2kHz 

• 

-0.18 

0.16 

0.36 

dB 

Passband Ripple (0.01 fcuTOFF 0.75fcuTOFF) 

fcuTOFF - 50kHz (See Note on Test Circuit) 



±0.15 


dB 

for fcLK/fcuTOFF = 50:1 







Gain at 0.50fcuTOFF f° r fCLK/fcUTOFF = '50:1 

f CL K = 400kHz, fjEST = 4kHz 


-0.09 

0.02 

0.09 

dB 



• 

-0.14 

0.05 

0.14 

dB 


f CL K = 2MHz, fiEST = 20kHz 


-0.16 

-0.05 

0.02 

dB 



• 

-0.22 

-0.10 

0.02 

dB 

Gain at 0.75fcuTOFF for fcu</fcuTOFF = 50:1 

f C LK = 400kHz, f TE ST = 6kHz 


-0.18 

-0.05 

0.05 

dB 



• 

-0.22 

-0.10 

0.05 

dB 


f C LK = 2MHz, fjEST = 30kHz 


-0.36 

-0.20 

0.05 

dB 



• 

-0.45 

-0.30 

0.05 

dB 


f CL K = 4MHz, fjEST = 60kHz 


-0.65 

-0.30 

0.25 

dB 



• 

-0.85 

-0.40 

0.75 

dB 

Gain at 1 OOfcuTOFF for fcLK/fcuTOFF = 50:1 

f C LK = 400kHz, fjEST = 8kHz 


-1.50 

-1.10 

-0.05 

dB 



• 

-1.80 

-1.20 

-0.05 

dB 


fcLK = 2MHz, fyEST =? 40kHz 


-2.10 

-1.60 

-1.20 

dB 



• 

-2.30 

-1.60 

-1.20 

dB 


f C LK = 4MHz, f TEST = 80kHz 


-2.20 

-1.60 

-0.05 

dB 



• 

-2.50 

-1.60 

0.25 

dB 

Gain at 2.00fcuTOFF for fcLK/fcuTOFF = 50:1 

f CL K = 400kHz, fTEST = 1 6kHz 


-56 

-58 

-64 

dB 



• 

-54 

-57 

-64 

dB 


f CL K = 2MHz, fTEST = 80kHz 


-53 

-56 

-62 

dB 



• 

-51 

-55 

-62 

dB 


f C LK = 4MHz, fTEST = 160kHz 


-50 

-52 

-60 

dB 



• 

-48 

-51 

-60 

dB 
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ELECTRICAL CHARACTERISTICS (See Test Circuit) 

Vs = ±7.5V, Rl = Ik, Ta = 25°C, fcuc signal level is TTL or CMOS (maximum clock rise or fall time < ljus) unless otherwise specified. 
All AC gain measurements are referenced to passband gain. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Gain at fcuTOFF for fcLK = 20kHz, V§ = +7.5V 

fcLk/fcuTOFF = 50:1 , fjEST = 400Hz 

• 

-1.75 

-1.25 

-0.50 

dB 

Gain at fcuTOFF for Vs = +2.375V, fcLK^cuTOFF = 50:1 

f C LK = 1 MHz, fjEST = 20kHz 

• 

-1.75 

-0.70 

0.10 

dB 

Gain at 70kHz for Vs = ±5V, fcu</fcuTOFF = 50:1 

fdK = 4MHz, fjEST = 70kHz 

• 


1.00 

1.40 

dB 

Linear Phase Response 

Phase at 0.25fcuTOFF 

f CL K = 400kHz, fjEST = 1kHz 


-48.5 

-50.0 

-51.5 

Deg 

fCLk/fcUTOFF = 100:1 , 

• 

-48.0 

-50.0 

-52.0 

Deg 

Pin 8 at GND 

Gain at 0.25fcuTOFF 

f CLK = 400kHz, fjEST = 1kHz 

• 

-0.65 

-0.25 

0.25 

dB 


Phase at 0.50fcuTOFF 

fcLK = 400kHz, fjEST = 2kHz 


-97.5 

-99.5 

-101.5 

Deg 




• 

■ -97.0 

-99.5 

-102.0 

Deg 


Gain at 0.50fcuTOFF 

f CLK = 400kHz, f TE ST = 2kHz 

• 

-0.75 

-0.50 

-0.10 

dB 


Phase at 0.75fcuTOFF 

f C LK = 400kHz, fjEST = 3kHz 


-148.0 

-150.5 

-152.5 

Deg 




• 

-147.5 

-150.5 

-153.0 

Deg 


Gain at 0.75fcuTOFF 

f CLK = 400kHz, fjEST = 3kHz 

• 

-1.40 

-1.00 

-0.60 

dB 


Phase at fcuTOFF 

f C LK = 400kHz, f TE si = 4kHz 


-208.0 

-210.0 

-212.5 

Deg 




• 

-207.5 

-210.0 

-213.0 

Deg 


Gain at fcuTOFF 

f C LK = 400kHz, fjEST = 4kHz 

• 

-2.10 

-1.80 

-1.60 

dB 

Input Bias Current 


V s = +2.375V 



60 


nA 



• 


70 

135 

nA 

Input Offset Current 


V s = ±2.375V 



±10 

±40 

nA 



V s > ±5V (Note 2) 

• 


±10 

±45 

nA 

Input Offset Current TempCo 

±2.375V < V s < ±7.5V 


40 

pA/°C 

Output Voltage Offset TempCo 

±2.375V < V S <±7.5V 


7 

|iV/°C 

Output Offset Voltage 


V s = ±2. 375V, f CL K = 400kHz 



±0.5 


mV 




• 


±1.0 

±1.5 

mV 



V s > ±5V 



±0.5 


mV 



(Note 2) 

• 


±1.0 

±1.5 

mV 

Common-Mode Rejection 


V s = ±7.5V 


90 

96 


dB 



V CM = -5V to 5V 

• 

84 

90 


dB 

Power Supply Rejection 


V s = +2.5V to ±7.5V 


80 

84 


dB 



• 

78 

82 


dB 

Input Voltage Range and Output Voltage Swing 

V s = +2.375V, R L = Ik 


±1.2 

±1.4 


V 





±1.1 



V 



jxi 

ii 

QC 

£ 

+1 

II 

CO 

> 


±3.4 

±3.6 


V 



• 

±3.2 



V 



V s = ±7.5V, R L = Ik 


±5.4 

±5.8 


V 



• 

±5.0 



V 

Output Short-Circuit Current 

±2.375V < V s < ±7.5V 


±40 

mA 

Power Supply Current (Note 1) 

V s = ±2.375V 



14 

16 

mA 




• 


16 

19 

mA 



V s = ±5V 



22 

26 

mA 



• 


23 

29 

mA 



V S = ±7.5V 



25 

30 

mA 



• 


26 

33 

mA 

Power Supply Range 



±2.375 


±8 

V 


The • denotes specifications which apply over the full operating Note 1: The maximum current over temperature is at 0°C. At 70°C the 

temperature range. maximum current is less than its maximum value at 25°C. 

Note 2: Guaranteed by design and test correlation. 
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Tvpicni P€RFORmnnc€ chrrrctcristics 


Passband Gain vs Frequency 

"1 TT I I 

_V s = ±7.5V,T a = 70°C 
fCLK/fc = 50:1 
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Power Supply Current vs 



0 2 4 6 8 10 12 14 16 18 20 

TOTAL POWER SUPPLY VOLTAGE (V) 


1066-1 G18 


Transient Response 



lOOfus/DIV 

ELLIPTIC RESPONSE (PIN 8 TO V + ) 
f|M = 1 kHz, fcUTOFF = 10kHz 


1066-1 G19 


Transient Response 



lOOps/DIV 


LINEAR PHASE (PIN8T0GND) 
f|N = 1kHz, fcUTOFF = 10kHz 

1066-1 G20 


Table 1 . Elliptic Response, fc = 10kHz, fcLK/fcuTOFF = 50:1 , 
Vs = ±7.5V, Rp = 20k, Cp = IjllF, No RC Compensation, 

T a = 25°C 


FREQUENCY 

(kHz) 

GAIN 

(dB) 

PHASE 

(DEG) 

GROUP DELAY 

(|4S) 

2.000 

0.117 

- 50.09 

70.52 

3.000 

0.118 

- 75.75 

72.04 

4.000 

0.116 

- 101.96 

74.32 

5.000 

0.112 

- 129.25 

77.59 

6.000 

0.104 

- 157.82 

82.04 

7.000 

0.074 

171.68 

88.56 

8.000 

- 0.014 

138.41 

97.80 

9.000 

- 0.278 

101.26 

110.33 

10.000 

- 0.986 

58.98 

124.91 


Table 3. Linear Phase Response, fc = 10kHz, 
fcu(/fcuTOFF = 1 00:1 , Vs = ±7.5V, Rp = 20k, Cp = 1 piF, 
No RC Compensation, T A = 25 C 


FREQUENCY 

(kHz) 

GAIN 

(dB) 

PHASE 

(DEG) 

GROUP DELAY 

( MS ) 

2.000 

- 0.020 

- 39.96 

55.25 

3.000 

- 0.181 

- 59.76 

55.03 

4.000 

- 0.383 

- 79.60 

54.98 

5.000 

- 0.601 

- 99.34 

55.28 

6.000 

- 0.811 

- 119.40 

56.34 

7.000 

- 1.004 

- 139.91 

58.56 

8.000 

- 1.196 

- 161.56 

62.34 

9.000 

- 1.451 

175.21 

67.29 

10.000 

- 1.910 

149.99 

72.31 


Table 2. Elliptic Response, fc = 50kHz, fcLK^cuTOFF = 50:1 , 
V s = ±7.5V, R f = 20k, Cp = IjuF, No RC Compensation, 

T a = 25°C 


FREQUENCY 

(kHz) 

GAIN 

(dB) 

PHASE 

(DEG) 

GROUP DELAY 

(MS) 

10.000 

0.104 

- 50.91 

14.32 

15.000 

0.105 

- 76.95 

14.61 

20.000 

0.107 

- 103.51 

15.05 

25.000 

0.109 

- 131.13 

15.70 

30.000 

0.107 

- 160.03 

16.57 

35.000 

0.089 

169.22 

17.85 

40.000 

0.014 

135.72 

19.66 

45.000 

- 0.231 

98.44 

22.10 

50.000 

- 0.905 

56.15 

24.93 


Table 4. Linear Phase Response, fc = 50kHz, 
^clk/^cutoff = 100:1, V$ = ±7.5 V, Rf = 20k, Cp = IjuF, 
No RC Compensation, T A = 25 C 


FREQUENCY 

(kHz) 

GAIN 

(dB) 

PHASE 

(DEG) 

GROUP DELAY 

(MS) 

10.000 

0.039 

- 40.72 

11.30 

15.000 

- 0.068 

- 61.01 

11.31 

20.000 

- 0.202 

- 81.42 

11.36 

25.000 

- 0.345 

- 101.88 

11.48 

30.000 

- 0.479 

- 122.74 

11.73 

35.000 

- 0.594 

- 144.09 

12.20 

40.000 

- 0.701 

- 166.68 

12.99 

45.000 

- 0.860 

169.15 

14.06 

50.000 

- 1.214 

142.72 

15.19 


8-56 


rr unm 

TECHNOLOGY 







LTC 1066-1 


pm Funcions 

Power Supply Pins (5, 18, 4, 10) 

The power supply pins should be bypassed with a 0.1 pF 
capacitor to an adequate analog ground. The bypass 
capacitors should be connected as close as possible to the 
power supply pins. The V + pins (5, 1 8) and the V~ pins (4, 
1 0) should always be tied to the same positive supply and 
negative supply value respectively. Low noise linear sup- 
plies are recommended. Switching power supplies are not 
recommended as they will lower the filter dynamic range. 

When the LTC1 066-1 is powered up with dual supplies 
and, if V + is applied prior to a floating V~, connect a signal 
diode (1N4148) between pin 10 and ground to prevent 
power supply reversal and latch-up. A signal diode 
(1 N4148) is also recommended between pin 5 and ground 
if the negative supply is applied priorto the positive supply 
and the positive supply is floating. Note, in most labora- 
tory supplies, reversed biased diodes are always con- 
nected between the supply output terminals and ground, 
and the above precautions are not necessary. However, 
when the filter is powered up with conventional 3-terminal 
regulators, the diodes are recommended. 

Analog Ground Pin (15) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane surrounding the pack- 
age is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pin 15 should be connected to the 
analog ground plane. For single supply operation pin 15 
should be biased at 1/2 supply and should be bypassed to 
the analog ground plane with at least a 1 pF capacitor (see 
Typical Applications). For single 5 V operation and for 
fci_K S 1.4MHz, pin 15 should be biased at 2 V. This 
minimizes passband gain and phase variations. 

Clock Input Pin (9) 

Any TTL or CMOS clock source with a square-wave output 
and 50% duty cycle (±10%) is an adequate clock source 
for the device. The power supply for the clock source 
should not be the filter’s power supply. The analog ground 
for the filter should be connected to clock’s ground at a 
single point only. Table 5 shows the clock’s low and high 


level threshold values fora dual orsingle supply operation. 
Sine waves are not recommended for clock input frequen- 
cies less than 1 00kHz, since excessively slow clock rise or 
fall times generate internal clock jitter (maximum clock 
rise or fall time < 1 pis). The clock signal should be routed 
from the left side of the 1C package and perpendicular to it 
to avoid coupling to any input or output analog signal path. 
A 2000 resistor between clock source and pin 9 will slow 
down the rise and fall times of the clock to further reduce 
charge coupling. 


Table 5. Clock Source High and Low Threshold Levels 


POWER SUPPLY 

HIGH LEVEL 

LOW LEVEL 

Dual Supply = ±7.5V 

> 2.18V 

< 0.5V 

Dual Supply = ±5V 

> 1.45V 

< 0.5V 

Dual Supply = ±2.5V 

> 0.73V 

> 

CD 

c\i 

VI 

Single Supply = 12V 

> 7.80V 

< 6.5V 

Single Supply = 5V 

> 1.45V 

< 0.5V 


50:1/100:1 Pin (8) 

The DC level at pin 8 determines the ratio of the clock to 
the filter cutoff frequency. When pin 8 is connected to 
V + the clock-to-cutoff frequency ratio (fcLK^cuTOFF) is 
50:1 and the filter response is elliptic. The design of the 
internal switched-capacitor filter was optimized for a 50:1 
operation. 

When pin 8 is connected to ground (or 1/2 supply for 
single supply operation), the fcu</fcuTOFF ratio is equal to 
100:1 and the filter response is pseudolinear phase (see 
Group Delay vs Frequency in Typical Performance Charac- 
teristic section). 

When pin 8 is connected to V" (or ground for single supply 
operation), the fcLK^cuTOFF ratio is 100:1 and the filter 
response is transitional Butterworth elliptic. The Typical 
Performance Characteristics provide all the necessary 
information. 

If the DC level at pin 8 is mechanically switched, a 10k 
resistor should be connected between pin 8 and the DC 
source. 

Input Pins (2, 3, 14, 16) 

Pin 3 (+IN A) and pin 2 (-IN A) are the positive and 
negative inputs of an internal high performance op amp A 
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(see Block Diagram). Input bias current flows out of pins 
2 and 3. Pin 16 (+IN B) is the positive input of a high 
performance op amp B which is internally connected as 
a unity-gain follower. Op amp B buffers the switched- 
capacitor network output. The input capacitance of both 
op amps is lOpF. 

Pin 14 (FILTERin) is the input of a switched-capacitor 
network. The input impedance of pin 1 4 is typically 1 1 k. 

Output Pins (1,7, 17) 

Pins 1 and 17 are the outputs of the internal high perfor- 
mance op amps A and B. Pin 1 is usually connected to the 
internal switched-capacitorfilter network input pin 14. Pin 
1 7 is the buffered output of the filter and it can drive loads 
as heavy as 200Q (see THD + Noise curves under Typical 
Performance Characteristics). Pin 7 is the internal switched- 
capacitor network output and it can typically sink or 
source 1mA. 

Compensation Pins (11, 13) 

Pins 1 1 and 1 3 are the AC compensation pins. If compen- 
sation is needed, an external 30k resistor in series with a 


1 5pF capacitor should be connected between pins 1 1 and 
13. Compensation is recommended for the following 
cases shown in Table 6. 


Table 6. Cases Where an RC Compensation (15pF in Series with 
30k< > pins 11, 13) is Recommended, fcu/tcuTOFF = 50:1 


V s = Single 5V (AGND = 2V) 

T a = 25°C 

T a = 70°C 

fcilTOFF ^ 28kHz 
fcUTOFF ^ 24kHz 

V S = ±5V 

T a = 25°C 

fcilTOFF ^ 60kHz 


T a = 70°C 

fcUTOFF ^ 50kHz 

V s = ±7.5V 

T a = 25°C 

fcUTOFF ^ 70kHz 


T a = 70°C 

fcUTOFF ^ 60kHz 


Connect Pins (6, 12) 

Pin 6 (CONNECT 1) and pin 12 (CONNECT 2) should be 
shorted. In a printed circuit board the connection should 
be done under the 1C package through a short trace 
surrounded by the analog ground plane. Pin 6 should be 
0.2 inches away from any other circuit trace. 
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T€ST CIRCUIT 


20Q 

V — VSAr- 


V(M- 


1HF 


0.1nFl 


0.1 hf : 


ELLIPTIC 

RESPONSE 

50:1 


LINEAR PHASE 0 

RESPONSE JL fcLK . 

1001 “ (DUTY CYCLE 
= 50% ±10%) 


20k 


OUT A 

V + 

-IN A 

OUTB 

+IN A 

+INB 

V- LTC1 066-1 GND 

V + 

FILTERin 

CONNECT 1 

COMP 2 

FILTERout 

CONNECT 2 

50/100 

COMP 1 

CLK 

\r 


20Q 

-wv — v + 


■ V 0UT " 


: o.i i±f 


1 

15pF “ 


30k 

-AAA/ — 1 


: o.i (iF 


NOTE: RC COMPENSATION BETWEEN PINS 11 AND 13 IS 
REQUIRED ONLY FOR CLOCK-TUNABLE OPERATION FOR: 

50kHz < fcuTOFFs - 100kHz. 

THE TEST SPECIFICATIONS FOR: 
f C LK = 2MHz, f C UTOFF = 40kHz, AND 
fcLK = 4MHz, fcuTOFF = 80kHz 
INCLUDE THE EFFECTS OF RC COMPENSATION. 
COMPENSATION DOES NOT INFLUECE THE SPECIFICATIONS 
FOR: 

fcLK = 400kHz, fcuTOFF = 8kHz. 

FOR CLOCK-TUNABLE fcuTOFFs FROM 2kHz TO 50kHz 
COMPENSATION IS NOT REQUIRED AND THE FILTER’S 
PASSBAND PERFORMANCE IS REPRESENTED BY THE 
TYPICAL SPECIFICATIONS AT: 

fcLK = 400kHz, fcuTOFF = 8kHz. 1066-1 tcoi 
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DC PERFORMANCE 

The DC performance of the LTC1 066-1 is dictated by the 

DC characteristics of the input precision op amp. 

1 . DC input voltages in the vicinity of the filter’s half of the 
total power supply are processed with exactly OdB (or 
1V/V) of gain. 

2. The typical DC input voltage ranges are equal to: 

V| N = ±5.8V, V s = +7.5V 
V| N = ±3.6V,V s = ±5V 
V|n = ±1.4V, V s = ±2.5V 

With an input DC voltage range of Vin = +5 V, (Vs = 
+7.5V), the measured CMRR was lOOdB. Figure 1 
shows the DC gain linearity of the filter exceeding the 
requirements of a 14-bit, 10V full scale system. 

3. The filter output DC offset Vos(out) is measured with 
the input grounded and with dual power supplies. The 
Vos(out) is typically ±0.1 mV and it is optimized for the 
filter connection shown in the test circuit figure. The 
filter output offset is equal to: 

Vos(OUT) = Vos (op amp A) -I B ias x R f = 0.1 mV (Typ) 

4. The Vos(out) temperature drift is typically 7|iV/°C 
(T a > 25°C), and -7pV/°C (T A < 25°C). 

5. The Vqs(out) temperature drift can be improved by 
using an input resistor Rin equal to the feedback resis- 



-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 

INPUT VOLTAGE (VDC) 

1066-1 F01 

Figure 1. DC Gain Linearity 

tor R f , however, the absolute value of Vos(out) will 
increase. For instance, if a 20k resistor isadded in series 
with pin 3 (see Test Circuit), the output Vos drift will be 
improved by 2|xV/°C to 3|iV/°C, however, the Vos(out) 
may increase by 1mV( MAX ). 

6. The filter DC output offset voltage Vos(out) is indepen- 
dent from the filter clock frequency (fcLK ^ 250kHz). 

Figures 2 and 3 show the Vqs(OUT) variation for three 
different power supplies and for clockfrequencies up to 
5MHz. Both figures were traced with the LTC1 066-1 
soldered into the PC board. Power supply decoupling is 
very important, especially with ±7.5V supplies. If nec- 
essary connect a small resistor (20D) between pins 5 
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and 18, and between pins 10 and 4, to isolate the 
precision op amp supply pin from the switched-capaci- 
tor network supply (see the Test Circuit). 



CLOCK FREQUENCY (MHz) 


Figure 2. Output Offset Change vs Clock 
(Relative to Offset for fcLK = 250kHz) 



CLOCK FREQUENCY (MHz) 

1066-1 F03 


Figure 3. Output Offset Change vs Clock 
(Relative to Offset for Iqlk = 250kHz) 


AC PERFORMANCE 
AC (Passband) Gain 

The passband gain of the LTC1 066-1 is equal to the 
passband gain of the internal switched-capacitor lowpass 
filter, and it is measured at f =0.25fcuTOFF- Unlike conven- 
tional monolithic filters, the LTC1 066-1 starts with an 


absolutely perfect OdB DC gain and phases into an “imper- 
fect” AC passband gain, typically ±0.1 dB. 

The filter’s low passband ripple, typically 0.05dB, is mea- 
sured with respect to the AC passband gain. 

The LTC1 066-1 DC stabilizing loop slightly warps the 
filter’s passband performance if the— 3dB frequency of the 
feedback passive elements (1/2 tcRfCf) is more than the 
cutoff frequency of the internal switched-capacitor filter 
divided by 250. The LTC1 066-1 clock tunability directly 
relates to the above constraint. Figure 4 illustrates the 
passband behavior of the LTC1 066-1 and it demonstrates 
the clock tunability of the device. A typical LTC1 066-1 
device was used to trace all four curves of Figure 4. Curve 
D, for instance, has nearly zero ripple and 0.04dB pass- 
band gain. Curve D’s 20kHz cutoff is much higher than the 
8Hz cutoff frequency of the RpCp feedback network, so its 
passband is free from any additional error due to RpCp 
feedback elements. Curve B illustrates the passband error 
when the 1 MHz clock of curve D is lowered to 1 00kHz. A 
0.1 dB error is added to the filter’s original AC gain of 
0.04dB. 



CURVE O: (CUTOFF = 20kHz = 2500 x 
CURVE C: (CUTOFF - 5kHz = 625 x gp- 
CURVE 8: fcuioFF = 2kHz = 250 x gjL 


CURVE A: fcuTOFF = 1 kHz = 1 25 > 


27tRpCF 


Figure 4. Passband Behavior 


8-60 


rruum 

TECHNOLOGY 






LTC 1066-1 


flppucnnons inFORmnnon 

Transient Response and Settling Time 

The LTC1 066-1 exhibits two different transient behaviors. 
First, during power-up the DC correcting loop will settle 
after the voltage offset of the internal switched-capacitor 
network is stored across the feedback capacitor Cp (see 
Block Diagram). Ittakes approximately five time constants 
(5 RfCf) for settling to 1%. Second, following DC loop 
settling, the filter reaches steady state. The filter transient 
response is then defined by the frequency characteristics 
of the internal switched-capacitor lowpass filter. Figure 5 
shows details. 

DC loop settling is also observed if, at steady state, the DC 
offset of the internal switched-capacitor network suddenly 
changes. A sudden change may occur if the clock fre- 
quency is instantaneously stepped to a value above 1 MHz. 




50:1 ELLIPTIC 

100:1 LINEAR PHASE 

RISE TIME (t r ) 

.-ML ±5% 

'CUTOFF 

_M3_ ±5 o /o 
'CUTOFF 

SETTLING TIME (t s ) 

±5% 

'CUTOFF 

f -2*_±5% 

'CUTOFF 

DELAY TIME (t d ) 

MM ±5 o /o 
'CUTOFF 

0556. ±5 o /o 
'CUTOFF 


1066-1 F05 


Figure 5. Transient Response 


Clock Feedthrough 

Clockfeedthrough is defined as the RMS value of the clock 
frequency and its harmonics that are present at the filter’s 
output pin (9). The clock feedthrough is tested with the 
input pin (2) grounded and depends on PC board layout 


and on the value of the power supplies. With proper layout 
techniques the values of the clock feedthrough are shown 
on Table 7. 


Table 7. Clock Feedthrough 


POWER SUPPLY 

50:1 

100:1 

Single 5V 

70|tVrms 

SO^Vrms 

±5V 

IOOjuVrms 

200jiVrms 

±7.5V 

160jtVrms 

650|iVr MS 


Wideband Noise 

The wideband noise of the filter is the total RMS value of 
the device’s noise spectral density and is used to deter- 
mine the operating signal-to-noise ratio. Most of its fre- 
quency contents lie within the filter passband and cannot 
be reduced with post filtering. For instance, the LTC1 066- 
1 wideband noise at±5V supply is 1 00|A/fims> 95|xV R ms of 
which have frequency contents from DC up to the filter’s 
cutoff frequency. The total wideband noise (|xV RM s) is 
nearly independent of the value of the clock. The clock 
feedthrough specifications are not part of the wideband 
noise. Table 8 lists the typical wideband noise for each 
supply. 


Table 8. Wideband Noise 


POWER SUPPLY 

50:1 

100:1 (Pin 8 to GND) 

Single 5 V 

90|tVrms 

80|tV rms 

±5V 

IOOjiVrms 

85|iVrivis 

+7.5V 

106|oV RM s 

90|tVrms 


Speed Limitations 

To avoid op amp slew rate limiting at maximum clock 
frequencies, the signal amplitude should be kept below a 
specified level as shown in Table 9. 


Table 9. Maximum V tN 

INPUT FREQUENCY 

MAXIMUM % 

>250kHz 

0.50Vrms 

>700kHz 

0.25Vrms 
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Aliasing 

In a sampled-data system the sampling theorem says that 
if an input signal has any frequency components greater 
than one half the sampling frequency, aliasing errors will 
appear at the output. In practice, aliasing is not always a 
serious problem. High order switched-capacitor lowpass 
filters are inherently band limited and significant aliasing 
occurs only for input signals centered around the clock 
frequency and its multiples. 

Figure 6 shows the LTC1 066-1 aliasing response when 
operated with a clock-to-cutoff frequency ratio of 50:1 . 
With a 50:1 ratio LTC1 066-1 samples its input twice 
during one clock period and the sampling frequency is 
equal to two times the clock frequency. 

The figure also shows the maximum aliased output gener- 
ated for inputs in the range of 2fo_K ±fc- For instance, if the 
LTC1 066-1 is programmed to produce a cutoff frequency 
of 20kHz with 1 MHz clock, a 1 0mV, 1 ,02MHz input signal 
will cause a 10p.V aliased signal at 20kHz. This signal will 
be buried in the noise. Maximum aliasing will occur only 
for input signals in the narrow range of 2MHz ±20kHz or 
multiples of 2MHz. 

Figure 7 shows the LTC1 066-1 aliased response when 
operated with a clock-to-cutoff frequency ratio of 100:1 
(linear phase response with pin 8 to ground). 



fCLK-fc| f CLK + fc 2fa.K-2.3fc | 2f C LK | 2fcLK + 2.3fc 

fCLK 2fci_K-fc 2fcLK + fc 

INPUT FREQUENCY 1066 - 1 F06 


Figure 6. Aliasing vs Frequency 
*CLK/fc = 50:1 (Pin 8 to V + ) 

Clock is a 50% Duty Cycle Square Wave 



INPUT FREQUENCY 


Figure 7. Aliasing vs Frequency 
fcLK/fc = 100:1 (Pin 8 to Ground) 

Clock is a 50% Duty Cycle Square Wave 
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Dual Supply Operation 

DC Accurate, 10Hz to 100kHz, Clock-Tunable, 8th Order Elliptic Lowpass Filter 
fcLK/fc = 50:1 


100k 



MAXIMUM OUTPUT VOLTAGE OFFSET = ±5.5mV, DC LINEARITY = ±0.0063%, T A = 25°C. 
THE PINS 6 TO 12 CONNECTION SHOULD BE UNDER THE 1C AND SHIELDED BY AN 
ANALOG SYSTEM GROUND PLANE. 

RC COMPENSATION BETWEEN PINS 11 AND 13 REQUIRED ONLY FOR t CU TOFF ^ 60kHz. 
THE 33|iF CAPACITOR IS A NONPOLARIZED, ALUMINUM ELECTROLYTIC, ±20%, 16V 
(NICHICON UUPIC 330MCRIGS OR NIC NACEN 33M16V 6.3 x 5.5 OR EQUIVALENT). 

* PROTECTION DIODES, 1N4148 ARE OPTIONAL. SEE PIN DESCRIPTIONS. 


Single 5V Supply Operation 

DC Accurate, 10Hz to 36kHz, Clock-Tunable, 8th Order Elliptic Lowpass Filter 
fcLK/fc = 50:1 



INPUT LINEAR RANGE = 1.4V to 3.6V. DC LINEARITY = ±0.0063%. 

THE PINS 6 TO 12 CONNECTION SHOULD BE UNDER THE 1C AND SHIELDED BY AN 
ANALOG SYSTEM GROUND PLANE. 

RC COMPENSATION BETWEEN PINS 11 AND 13 REQUIRED ONLY FOR f CU TOFF * 24kHz. 
THE 33|±F CAPACITOR IS A NONPOLARIZED, ALUMINUM ELECTROLYTIC, ±20%, 16V 
(NICHICON UUPIC 330MCRIGS OR NIC NACEN 33M16V 6.3 x 5.5) 
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DC Accurate 


Filter with Input Anti-Aliasing 
(f C LK <250kHz) 


2ND ORDER BUTTERWORTH ANTI- 
ALIASING FILTER PROVIDES -68dB 
ATTENUATION TO INPUTS AT 2f CL K 
C2 


V|N 


R1 R2 

— VV V • WNr- 


Rf 

-AAA r- 


Hi 


20Q 

W^r-ICLK 1 . ^CUTOFF -7.5V — W\r 

CUTOFF- 50 - 2jcRfC(; - 250 

f— 3 dB = 2*fcuTOFF (f- 3 dB IS THE -3dB FREQUENCY OF THE 
2ND ORDER ANTI-ALIASING FILTER) 
55T l^g 5 .a7B7^R2. i7 wn.e.i(Wii 

FOR CUTOFF FREQUENCIES 2kHz TO 5kHz, SET R F = 20k, 

C f = 1^FAND R1 + R2 < 2k 
FOR CUTOFF FREQUENCIES <2kHz, SET R1 + R2 = R F 
FOR EXAMPLE: 

IF THE CUTOFF FREQUENCY OF LTC1 066-1 IS 500Hz, THEN 
f-3dB = 1000Hz 

Trz-z- = 2Hz, SET R f = 80.6k, C F = luF AND Cl = 0.0027jxF 
2tcH F U F 

R1 + R2 = 80.6k, R1 = 4.22k AND R2 = 76.8k ROUNDED TO NEAREST 1% VALUE. 
C2 = 0.027(iF ROUNDED TO NEAREST STANDARD VALUE. 

NOTE: R f SHOULD BE <1 00k TO MINIMIZE DC OFFSET TO ±5.5mV 


f CLK" 




6 

0-1 rF_j_ 



7 



_ 

Gl 


OUT A 

;5t- 

+IN A 

+IN B 

V LTC1 066-1 GND 

V + 

FILTER^ 

CONNECT 1 

COMP 2 

FILTERoui 

CONNECT 2 

50/100 

COMP 1 

CLK 

V~ 



DC Accurate Lowpass Filter with Input Anti-Aliasing 
(fCLK > 250kHz) 


2ND ORDER RC ANTI-ALIASING 
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LTC 1066-1 


typical nppucmions 


DC Accurate Clock-Tunable Lowpass Filter with Tunable Input Anti-Aliasing Filter 
(Circuit provides at least -20dB attenuation to input frequencies at 2(clk- 
The clock-tunable range is 5 octaves.) 



CLOCK FREQUENCY DETECTOR C5 = 0.0082nF. C P = 50pF, R P = 2k, C A = 0.047|^F, R A = 10k 
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LTC 1066-1 


TVPicm nppucATions 


100kHz Elliptic Lowpass Filter with Input Anti-Aliasing and Output Clock Feedthrough Filters 

(Not DC Accurate) 


2ND ORDER BUTTERWORTH INPUT 
ANTI-ALIASING FILTER PROVIDES 
-68dB ATTENUATION TO INPUTS AT 2f CL K- 
f— 3dB = 200kHz 2.49k 



, 10 0 1 I— LLL1IJU Mil I1LU I I I LLLL1J 

10k 100k 1M 10M 


FREQUENCY (Hz) 

1066-1 TA07b 
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LTC1 164-5 


F€RTUR€S 

■ Pin Selectable Butterworth or Bessel Response 

■ 4mA Supply Current with ±5 V Supplies 

■ fcuTOFF U P to 20kHz 

■ IOO^Vrms Wideband Noise 

■ THD < 0.02% (50:1 , V s = +7.5 V, V, N = 2V RMS ) 

■ Operates with a Single 5 V Supply (IVrms Input 
Range) 

■ 60|xVrms Clock Feedthrough (Single 5 V Supply) 

■ Operates up to +8V Supplies 

■ TTL/CMOS-Compatible Clock Input 

■ No External Components 

rppucrtiors 

■ Anti-Aliasing Filters 

■ Battery-Operated Instruments 

■ Telecommunications Filters 

■ Smoothing Filters 


Low Power 8th Order 
Pin Selectable Butterworth 
or Bessel Lowpass Filter 

DCSCRIPTIOR 

The LTC1 164-5 is a monolithic 8th order filter; it approxi- 
mates either a Butterworth ora Bessel lowpass response. 
The LTC1 164-5 features clock-tunable cutoff frequency 
and low power consumption (4.5mA with ±5 V supplies 
and 2.5mA with single 5 V supply). 

Low power operation is achieved without compromising 
noise or distortion performance. With ±5V supplies and 
10kHz cutoff frequency, the operating signal-to-noise 
ratio is 86dB and the THD throughout the passband is 
0.015%. Under the same conditions, a 77dB signal-to- 
noise ratio and distortion is obtained with a single 5 V 
supply while the clock feedthrough is kept below the noise 
level. The maximum signal-to-noise ratio is 92dB. 

The LTC1 164-5 approximates an 8th order Butterworth 
response with a clock-to-cutoff frequency ratio of 100:1 
(pin 10toV“) or 50:1 double-sampled (pin 10 to V + and 
pin 1 shorted to pin 13). Double-sampling allows the input 
signal frequency to reach the clock frequency before any 
aliasing occurrence. An 8th order Bessel response can 
also be approximated with a clock-to-cutoff frequency 
ratio of 1 40:1 (pin 1 0 to ground). With +7.5 V supply, +5V 
supply and single 5 V supply, the maximum clock fre- 
quency of the LTC1 164-5 is 1.5MHz, 1MHz, and 1MHz 
respectively. The LTC1 164-5 is pin-compatible with the 
LTC1 064-2 and LTC1 064-3. 


TVPICRl RPPUCflTIOR 


Butterworth 20kHz Anti-Aliasing Filter 


V|N 

8 V 

NC 



LTC1 164*5 


14 

L_ 

13 

12 

r 


11 


10 


9 


8 

rx 



-8V 

CLK = 1MHz 
TO V + 

Vqut 


WIDEBAND NOISE = 110|iV RMS 

THD IN PASSBAND < 0.02% AT V )N = 2V RMS 

NOTE: THE CONNECTION FROM PIN 7 TO PIN 14 
SHOULD BE MADE UNDER THE PACKAGE. 

FOR 50:1 OPERATION CONNECT PIN 1 TO PIN 13 
AS SHOWN. FOR 100:1 OR 150:1 OPERATION PINS 1 
AND 13 SHOULD FLOAT. THE POWER SUPPLIES 
SHOULD BE BYPASSED BY A O.lnF CAPACITOR AS 
CLOSE TO THE PACKAGE AS POSSIBLE. 



1 10 100 
FREQUENCY (kHz) 


LTC1 164-5 TA02 
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LTC1 164-5 


absolute mnximum aatmgs (Note 1) 


Total Supply Voltage (V + to V") 16V 

Input Voltage (Note 2) (V + + 0.3V) to (V~- 0.3V) 

Output Short Circuit Duration Indefinite 

Power Dissipation 400mW 

Burn-In Voltage 16V 


Operating Temperature Range 0°C to 70°C 

LTC1164-5C -40°C to 85°C 

LTC1164-5M -55°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER lAFORmATIOn 



TOP VIEW 


ORDER PART 



TOP VIEW 


ORDER PART 

50:1 MODE |T 

— cr 


14] CONNECT 2 

NUMBER 

50:1 MODE [T 



16] CONNECT 2 

NUMBER 

VlN U 



13] 50:1 MODE 


VinU 



15] 50:1 MODE 


GND [7 
v + [7 

GND |T 

LP6 [7 



V~ 

TT] CLK 

To] BUTT/BESS 

H VOUT 

LTC1164-5CN 

LTC1164-5CJ 

LTC1164-5MJ 

GND |T 
V + |T 
gnd |y 

NC [T 



TT] V" 

lH NC 

12] CLK 

TT] BUTT/BESS 

LTC1 1 64-5CS 

CONNECT 1 |T 



T\ NC . 


LP6 [7 

CONNECT 1 |T 



SD Vout 

J] NC 


J PACKAGE 

N PACKAGE 





14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 




S PACKAGE 



Tjmax = 
Tjmax = 

150°C, Gja = 
110°C, e JA = 

65°C/W (J) 

65°C/W (N) 


16-LEAD PLASTIC SOL 

Tjmax = 11 0°C, 0ja = 85°C/W 



Consult factory for Industrial grade parts. 


ELECTRICAL CHARACTERISTICS 

Vs = +7.5V, Rl = 10k, fcLK = 400kHz, Ta = Operating Temperature Range, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

LTC1164-5C 

TYP 

MAX 

UNITS 

Passband Gain 0.1 Hz at 0.25fcuTOFF (Note 3) 

f| N = 1kHz, (fcLK/fc) = 100:1 

• 

-0.5 

-0.10 

0.25 

dB 


f| N = 1kHz, (fcuc/fc) = 50:1 

• 

-0.5 

0.10 

0.25 

dB 

Gain at 0.50fcuTOFF (Note 3) 

f, N = 2kHz, (fcLK/fc) = 100:1 

• 

-0.45 

-0.20 

0.17 

dB 


f| N = 4kHz, (fcLK/fc) = 50:1 

• 

-0.35 

-0.10 

0.40 

dB 

Gain at 0.90fcuTOFF (Note 3) 

f,N = 3.6kHz, (fcuc/fc) = 100:1 

• 

-2.50 

-1.90 

-1.0 

dB 

Gain at 0.95fcuTOFF (Note 3) 

f| N = 3.8kHz, (fcuc/fc) = 100:1 


-2.60 

dB 

Gain at fcuTOFF (Note 3) 

f| N = 4kHz, (f C LK/fc) = 100:1 

• 

-4.10 

-3.40 

-2.75 

dB 


fiM = 8kHz, (f C LK/fc) = 50:1 

• 

-4.20 

-3.80 

-2.75 

dB 

Gainat 1.44fcuTOFF (Note 3) 

f| N = 5.76kHz, (fcuc/fc) = 100:1 

• 

-20.5 

-19.0 

-17.0 

dB 

Gain at 2.0f C uTOFF (Note 3) 

f,M = 8kHz, (fcuc/fc) = 100:1 

• 

-45.0 

-43.0 

-41.0 

dB 

Gain with fcLK = 20kHz (Note 3) 

f, N = 200Hz, (f CLK /fc) = 100:1 

• 

-4.50 

-3.40 

-2.75 

dB 

Gain with Vs = 2.375V (Note 3) 

f,M = 400kHz, f| N = 2kHz, (f C uc/fc) = 1 00:1 


-0.25 

-0.10 

0.35 

dB 


f| N = 400kHz, f| N = 4kHz, (f C uc/fc)'= 100:1 


-4.20 

-3.40 

-2.00 

dB 

Input Frequency Range 

(fcuc/fc) = 100:1 



0 

1 

A 

O*’ 

ro 


kHz 


(fcLK/fc) = 50:1 



0 - <fCLK 


kHz 

Maximum fcLK 

V S >±7.5V 



1.5 


MHz 


V s = ±5.0V 



1.0 


MHz 


V s = Single 5V (GND = 2V) 



1.0 


MHz 
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ELECTRICAL CHARACTERISTICS 

Vs = ±7.5V, Rl = 10k, feu = 400kHz, T A = Operating Temperature Range, unless otherwise specified. 


LTC 1 1 64-5 


PARAMETER 

CONDITIONS 

MIN 

LTC1164-5C 

TYP 

MAX 

UNITS 

Clock Feedthrough 

Input at GND, f = fox Square Wave 







±5V, (fcLK/fc) = 100:1 



200 


M-Vrms 


±5V, (fcLK/fc) = 50:1 



100 


M-Vrms 

Wideband Noise 

Input at GND, 1 Hz > f < fcLK 







±5V, (fcLK/fc) = 100:1 



100 ±5% 


JtVrms 


±5V, (fcu</fc) = 50:1 



115 ±5% 


ItVrms 

Input Impedance 



70 

100 

140 

kQ 

Output DC Voltage Swing 

V s = ±2.375V 

• 

±1.25 

±1.50 


V 


V s = ±5.0V 

• 

±3.70 

±4.10 


V 


V s = ±7.5V 

• 

±5.40 

±5.90 


V 

Output DC Offset 

V s = ±5V, (fcLK/fc) = 100:1 



±50 

±160 

mV 

Output DC Offset TempCo 

V S = ±5V, (fcLK/fc) = 100:1 


±100 

(LlV/°C 

Power Supply Current 

V S = ±2.375V,T A >25°C 



2.5 

4.0 

mA 



• 



4.5 

mA 


V s = ±5.0V,T a >25°C 



4.5 

7.0 

mA 



• 



8.0 

mA 


V s = ±7.5V, T a > 25°C 



7.0 

11.0 

mA 



• 



12.5 

mA 

Power Supply Range 



±2.375 


±8 

V 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which life of 
the device may be impaired. 

Note 2: Connecting any pin to voltages greater than V + or less than V" 


may cause latch-up. It is recommended that no sources operating from 
external supplies be applied prior to power-up of the LTC1 164-5. 

Note 3: All gains are measured relative to passband gain. The filter cutoff 
frequency is abbreviated as fcuTOFF or fc- 


TYPICAL PCRFORAlAnCC CHARACTERISTICS 


Gain vs Frequency 



A. f CLK = 100kHz 

fcUTOFF = 1kHz 

(100:1, PIN 10 TO V") 

B. f CLK = 375kHz 
tcUTOFF = 2.68kHz 
(140:1, PIN 10 GND) 

C. f C LK = 500kHz 
tcUTOFF = 10kHz 

(50:1, PIN 10 TO V + , 
PINS 1-13 SHORTED) 


Passband Gain and Phase 
vs Frequency 



o 



-270 
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LTC 1 1 64-5 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Passband vs Frequency and #clk 


Passband vs Frequency and feu 


0,5 — - H- + 

o * ' 

-0.5 

SM-O 

-o 

sz ”1-5 
« - 2.0 
-2.5 
-3.0 

_ 3 5 ^(BESSEL RESPONSE) 


Ss 3 !l 

mmm i 


A. f C LK = 150kHz 
f&JTOFF = 1 07kHz 

B. f C LK = 450kHz 
fcUTOFF = 3.21 kHz 

C. f C LK = 750kHz 
fcUTOFF = 5.36kHz 

D. fcLK = 1MHz 
fCUTOFF = 7.14kHz 

E. f C LK = 1.5MHz 
fcUTOFF = 10.71kHz 



A. f CL K = 250kHz 
fcUTOFF = 5kHz 

B. f CLK = 500kHz 
^CUTOFF = 10kHz 

C. f C LK = 750kHz 
^CUTOFF = 15kHz 

D. fcLK = 1MHz 
ICUTOFF = 20kHz 


FREQUENCY (kHz) 


FREQUENCY (kHz) 


Maximum Passband over 
Temperature for V s = ±5V, 50:1 

, T a = 70 °C~ 

1 "" Ta = -40°C^W 










































v S = ±5V j 

_fn i/ - 1MH7 _J 




f CUTOFF = 

20kHz 




Passband vs Frequency and Iclk 



V s = ±5V 
-3.5 -100:1 
T a = 25°C 


A. f CLK = 200kHz 
fcUTOFF = 2kHz 

B. f C LK = 300kHz 
fcUTOFF = 3kHz 

C. f CL K = 500kHz 
fcUTOFF = 5kHz 

D. f CL K = 750kHz 
fcUTOFF = 7.5kHz 

E. fcLK = 1MHz 
^CUTOFF = 10kHz 


FREQUENCY (kHz) 


FREQUENCY (kHz) 


Maximum Passband over 
Temperature for V s = ±5V, 100:1 



: 

u_ 




~n 

nr 











u 

-d 

u 



- 

r 




Ta = 


0° 










M 














_ 


L 











_ 






















"V 

_f( 

f s : 

'1 k 

= i 

toM 

1MHz (100:1) 






Jj 

3UTOFF 

= 10kHz 







Passband vs Frequency and Tclk 



‘ A. f CL « = 250kHz 
ICUTOFF = 5kHz 

B. f CLK = 500kHz 
^CUTOFF = 10kHz 

C. f C LK = 750kHz 
fcUTOFF = 15kHz 

D. f CL K = 1MHz 
Icutoff = 20kHz 


FREQUENCY (kHz) 


FREQUENCY (kHz) 


XTLTO 
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Maximum Passband over 
Temperature for Single 5V, 50:1* 




FREQUENCY (kHz) 


LTC1164-5*G015 


1 5 

FREQUENCY (kHz) 

LTC1 164-5 *G16 



1 5 

FREQUENCY (kHz) 

LTC1 164-5 *G17 


THD + Noise vs Frequency 



-40 

-50 
S' -60 

O 

vi 

I" 70 

+ 

- -80 
-90 
-100 


THD + Noise vs Frequency 


_V|n = 2Vrms 

±7.5 V, 100:1 
■f CL K = 500kHz 
-(5 REPRESENTATI 
_ UNITS) 























\ TTg 























i 


2 3 4 5 

FREQUENCY (kHz) 

LTC1164-5*G19 


-40 

-50 

S' -60 

2 - 

C/3 

O -70 

Q 

f -80 

-90 

-100 


THD + Noise vs Frequency 


-V|N = 1Vrms 

±5V, 50:1 
~f C LK = 500kHz 
-(5 REPRESENTATIVE 
UNITS) 




















































£ 

= 

a 

■ 









i 









1 













1 









_ 



1 5 

FREQUENCY (kHz) 


LTC1 164-5 *G20 


-40 

-50 
S' -60 

C/3 

5 -70 

Q 

f -80 

-90 

-100 


THD + Noise vs Frequency 


_V| N = 1V RMS 
±5 V, 100:1 
■f CL K = 500kHz 
-(5 REPRESENTATI 
UNITS) 







VE 















— 
























2 3 

FREQUENCY (kHz) 


LTC1164-5 • G21 


-40 
-50 
S' -60 

;o. 

LU 

co 

O -70 

+ 

o 

f -80 
-90 
-100 


THD + Noise vs Frequency 


THD + Noise vs Frequency 


1 

_V| N = 0.7V rms 
SINGLE 5V SUPPLY 
"50:1, f C LK = 500kHz 
-f c = 10kHz 
(5 REPRESENTATIVE 
UNITS) 














_ 




1 

1 

1 

1 





















J 


p 

_ 





g 

& 

51 














































i 


FREQUENCY (kHz) 



FREQUENCY (kHz) 


* See 
and 


also Passband vs Frequency and fcLK for Single 5V, 50:1 ; THD + Noise vs RMS Input for Single 5V, 50:1 ; 
Maximum Passband for Single 5 V, 50:1, for Two Ground Bias Levels. 
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THD + Noise vs Input Voltage 



INPUT VOLTAGE (V RMS ) 


LTCl 164-5 • G24 


Maximum Passband for Single 5V, 
50:1, for Two Ground Bias Levels 



THD + Noise vs RMS Input for 
Single 5V, 50:1 



Phase Matching vs Frequency 



A. BUTTERWORTH 
(fcLK/fcuTOFF = 100:1 OR 50:1) 

B. BESSEL (f C LK/fcUTOFF= 140:1) 


FREQUENCY (FREQUENCY/f CUT oFF) 


Power Supply Rejection Ratio 
vs Frequency 


LTCl 164-5 -G2? 



Power Supply Current vs Power 



0123456789 10 

POWER SUPPLY (V + OR V") 


LTCl 1 64-5 *G29 


Transient Response 
% = ±3V, 500Hz Square Wave 



500|iS/DIV 


BUTTERWORTH RATIO = 100:1 
f CLK = 500kHz 
f c = 5kHz 
V s = ±7.5V 


Transient Response 

Vim = ±3V, 500Hz Square Wave 



500|is/DIV 


BESSEL RATIO = 140:1 
f CLK = 700kHz 
f c = 5kHz 
V S = ±7.5V 


/Tlitkab 

TECHNOLOGY 


8-73 









LTC1164-5 


pm Funcnons 

Power Supply Pins (4, 12) 

The V + (pin 4) and the V ~ (pin 1 2) should be bypassed with 
a 0.1 pF capacitor to an adequate analog ground. The 
filter’s power supplies should be isolated from other 
digital or high voltage analog supplies. A low noise linear 
supply is recommended. Using a switching power supply 
will lower the signal-to-noise ratio of the filter. The supply 
during power-up should have a slew rate less than 1 V/gs. 
When V + is applied before V", and V " can be more positive 
than ground, a signal diode must be used to clamp V. 
Figures 1 and 2 show typical connections for dual and 
single supply operation. 



Figure 1. Dual Supply Operation for (clk/Icutoff = 100:1 



Figure 2. Single Supply Operation for Iclk/Icutoff = 100:1 


Clock Input Pin (11) 

Any TTL or CMOS clock source with a square-wave output 
and 50% duty cycle (±10%) is an adequate clock source 
for the device. The power supply for the clock source 
should not be the filter’s power supply. The analog ground 
for the filter should be connected to clock’s ground at a 
single point only. Table 1 shows the clock’s low and high 
level threshold value for a dual or single supply operation. 
A pulse generator can be used as a clock source provided 
the high level OIM time is greaterthan 0.5pis. Sine waves are 
not recommended for clock input frequencies less than 
100kHz, since excessively slow clock rise or fall times 
generate internal clock jitter (maximum clock rise or fall 
time < Igs). The clock signal should be routed from the 
rightside of the 1C package to avoid coupling into any input 
or output analog signal path. A 1 k resistor between clock 
source and pin 1 1 will slow down the rise and fall times of 
the clock to further reduce charge coupling, Figures 1 
and 2. 


Table 1 . Clock Source High and Low Threshold Levels 


POWER SUPPLY 

HIGH LEVEL 

LOW LEVEL 

Dual Supply > ±3.4V 

V 73 

<0.5V 

Dual Supply <±3.4V 

V*/3 

< V" + 0.5V 

Single Supply V + > 6.8V, V - = 0V 

v + 

< 0.5V + 1/2V + 

Single Supply V + < 6.8V, V~ = 0V 

v + 

<0.5V 


Analog Ground Pins (3, 5) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane surrounding the pack- 
age is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pins 3 and 5 should be connected to the 
analog ground plane. For single supply operation pins 3 
and 5 should be biased at 1/2 supply and they should be 
bypassed to the analog ground plane with at least a IpF 
capacitor (Figure 2). For single 5 V operation at the highest 
feu of 1MHz, pins 3 and 5 should be biased at 2V. This 
minimizes passband gain and phase variations (see Typi- 
cal Performance Characteristics curves: Maximum Pass- 
band for Single 5 V, 50:1 ; and THD + Noise vs RMS Input 
for Single 5V, 50:1). 
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Butterworth/Bessel Pin (10) 

The DC level at pin 10 determines the ratio of the clock 
frequency to the cutoff frequency of the filter. Pin 1 0 at V + 
gives a 50:1 ratio and a Butterworth response (pins 1 to 1 3 
are shorted for 50:1 only). Pin 10 at V - gives a 100:1 
Butterworth response. Pin 10 at ground gives a Bessel 
response and a ratio of 1 40:1 . For single supply operation 
the ratio is 50:1 when pin 10 is at V + (pins 1 to 13 shorted), 
100:1 when pin 10 is at ground, and 140:1 when at 1/2 
supply. When pin 10 is not tied to ground, it should be 
bypassed to analog ground with a 0.1 pF capacitor. If the 
DC level at pin 10 is switched mechanically or electrically 
at slew rates greater than 1V/ps while the device is 
operating, a 1 0k resistor should be connected between pin 
10 and the DC source. 

Filter Input Pin (2) 

The input pin is connected internally through a 100k 
resistor tied to the inverting input of an op amp. 

Filter Output Pins (9, 6) 

Pin 9 is the specified output of the filter; it can typically 
source or sink 1mA. Driving coaxial cables or resistive 
loads less than 20k will degrade the total harmonic distor- 
tion of the filter. When evaluating the device’s distortion an 
output buffer is required. A noninverting buffer, Figure 3, 
can be used provided that its input common mode range 


is well within the filter’s output swing. Pin 6 is an interme- 
diate filter output providing an unspecified 6th order 
lowpass filter. Pin 6 should not be loaded. 



Figure 3. Buffer for Filter Output 


External Connection Pins (7, 14, and 1, 13) 

Pins 7 and 14 should be connected together. In a printed 
circuit board the connection should be done under the 1C 
package through a short trace surrounded by the analog 
ground plane. When the clock to cutoff frequency ratio is 
set at 50:1, pin 1 should be shorted to pin 13; if not, the 
passband will exhibit IdBof gain peaking and it will deviate 
from a Butterworth response. Pin 1 is the inverting input 
of an internal op amp and it should preferably be 0.2 inches 
away from any other circuit trace. 

NC Pin (8) 

Pin 8 is not connected to any internal circuit point on the 
device and should be preferably tied to analog ground. 
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Clock Feedthrough 

Clock feedthrough is defined as, the RMS value of the 
clock frequency and its harmonics that are present at the 
filter’s output pin (9). The clockfeedthrough is tested with 
the input pin (2) grounded and, it depends on PC board 
layout and on the value of the power supplies. With proper 
layout techniques the values of the clock feedthrough are 
shown on Table 2. 


Table 2. Output Clock Feedthrough 


Vs 

50:1 

100:1 

±2.5V 

60hVrms 

60|aVrms 

±5V 

IOOpVrms 

200|xVrms 

±7.5V 

150|xVrms 

500[iVrms 


Note: The clock feedthrough at ±2.5V supplies is imbedded in the 
wideband noise of the filter. The clock waveform is a square wave. 
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application infORmnTion 

Any parasitic switching transients during the rise and fall 
edges of the incoming clock are not part of the clock 
feedthrough specifications. Switching transients have fre- 
quency contents much higher than the applied clock; their 
amplitude strongly depends on scope probing techniques 
as well as grounding and power supply bypassing. The 
clock feedthrough, if bothersome, can be greatly reduced 
by adding a simple R/C lowpass network at the output of 
the filter pin (9). This R/C will completely eliminate any 
switching transient. 

Wideband Noise 

The wideband noise of the filter is the total RMS value of 
the device’s noise spectral density and it is used to 
determine the operating signal-to-noise ratio. Most of its 
frequency contents lie within the filter passband and it 
cannot be reduced with post filtering. For instance, the 
LTC1 1 64-5 wideband noise at ±2.5V supply is 1 OOp-Vrms, 
95|jVrms of which have frequency contents from DC up to 
the filter’s cutoff frequency. The total wideband noise 
(pRMS) is nearly independent of the value of the clock. The 
clock feedthrough specifications are not part of the 
wideband noise. 

Speed Limitations 

The LTC1 164-5 optimizes AC performance versus power 
consumption. To avoid op amp slew rate limiting at 
maximum clock frequencies, the signal amplitude should 
be kept below a specified level as shown on Table 3. 


Table 3. Maximum V| N vs Vs and Iclk 


POWER SUPPLY 

MAXIMUM f CLK 

MAXIMUM V IN 

V s = ±7.5 V 

1.5MHz 

1Vr M s (fiN> 35kHz) 
0.5 V rms (f, N > 250kHz) 

V S = ±7.5V 

1.0MHz 

3V RMS (flN> 25kHz) 
0-7Vr MS (f, N > 250kHz) 

V S = ±5.0V 

1.0MHz 

2.5Vr MS (flN > 25kHz) 
0.5V RMS (f| N > 100kHz) 

Single 5 V 

1.0MHz 

0.7VRMS (f|N > 25kHz) 
0.5 Vr MS (flN > 100kHz) 


Aliasing 

Aliasing is an inherent phenomenon of sampled data 
systems and it occurs when input frequencies close to the 
sampling frequency are applied. For the LTC1 164-5 case 
at 100:1 , an input signal whose frequency is in the range 
of fax ±2.5% will be aliased back into the filter’s pass- 
band. If, for instance, an LTC1 164-5 operating with a 
1 00kHz clock and 1 kHz cutoff frequency receives a 98kHz 
1 0mV input signal, a 2kHz 56p.V alias signal will appear at 
its output. When the LTC1 1 64-5 operates with a clock-to- 
cutoff frequency of 50:1 , aliasing occurs at twice the clock 
frequency. Table 4 shows details. 


Table 4. Aliasing Data (feu = 100kHz, V$ = ±5V) 


INPUT FREQUENCY 
(V| N = 1Vrms) 

OUTPUT LEVEL 
(Relative to Input) 

OUTPUT FREQUENCY 
(Aliased Frequency) 

(fcLK/fc) = 100:1 , fcuTOFF = 1kHz 

97.0kHz 

-102.0dB 

3.0kHz 

97.5kHz 

-65.0dB 

2.5kHz 

98.0kHz 

-45.0dB 

2.0kHz 

98.5kHz 

-23.0dB 

1.5kHz 

99.0kHz 

-4.0dB 

1.0kHz 

99.5kHz 

-0.3dB 

0.5kHz 


(fcu/lc) = 50:1 , (cutoff = 2kHz 


197.0kHz 

-23.0dB 

3.0kHz 

197.5kHz 

-12.0dB 

2.5kHz 

198.0kHz 

-5.0dB 

2.0kHz 

198.5kHz 

-1.8dB 

1.5kHz 

199.0kHz 

-I.OdB 

1.0kHz 

199.5kHz 

-0.8dB 

0.5kHz 


Table S. Transient Response oi LTC Lowpass Filters 



DELAY 

RISE 

SETTLING 

OVER- 


TIME* 

TIME** 

TIME*** 

SHOOT 

LOWPASS FILTER 

(SEC) 

(SEC) 

(SEC) 

(%) 

LTC1 064-3 Bessel 

0.50/f c 

0.34/fc 

0.80/fc 

0.5 

LTC1 164-5 Bessel 

0.43/fc 

0.34/fc 

0.85/fc 

0 

LTC1 164-6 Bessel 

0.43/fc 

0.34/f c 

1.15/fc 

1 

LTC1 264-7 Linear Phase 

1.15/fc 

0.36/f c 

2.05/fc 

5 

LTC1 164-7 Linear Phase 

1.20/fc 

0.39/fc 

2.20/fc 

5 

LTC1 064-7 Linear Phase 

1.20/f c 

0.39/fc 

2.20/fc 

5 

LTC1 164-5 Butterworth 

0.80/fc 

0.48/fc 

2.40/fc 

11 

LTC1 164-6 Elliptic 

0.85/fc 

0.54/fc 

4.30/fc 

18 

LTC1 064-4 Elliptic 

0.90/fc 

0.54/fc 

4.50/fc 

20 

LTC1 064-1 Elliptic 

0.85/fc 

0.54/fc 

6.50/fc 

20 


* To 50% +5%, ** 10% to 90% ±5%, *** To 1% +0.5% 
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TECHNOLOGY 


KRTUIteS 

■ 8th Order Pin Selectable Elliptic or Bessel Filter in a 
14-Pin Package 

■ 4mA Supply Current with ±5V Supplies 

■ 64dB Attenuation at 1 .44 feuTOFF (Elliptic Response) 

■ feuTOFF up to 30kHz (50:1 fcLK to feuTOFF Ratio) 

■ IIOjjVrms Wideband Noise with ±5V Supplies 

■ Operates at Single 5 V Supply with IVrms 
I nput Range 

■ Operates up to ±8V Supplies 

■ TTL/CMOS Compatible Clock Input 

■ No External Components 

nppucOTions 

■ Anti-Aliasing Filters 

■ Battery-Operated Instruments 

■ Telecommunication Filters 


Low Power 8th Order 
Pin Selectable Elliptic or 
Linear Phase Lowpass Filter 

DCSCRIPTIOn 

The LTC1 1 64-6 is a monolithic 8th order elliptic lowpass 
filter featuring clock-tunable cutoff frequency and low 
power supply current. Low power operation is achieved 
without compromising noise or distortion performance. 
At ±5V supplies the LTC1 164-6 uses only 4mA supply 
current while keeping wideband noise below 11 OitVrms- 
With a single 5V supply, the LTC1 1 64-6 can provide up to 
10kHz cutoff frequency and 80dB signal-to-noise ratio 
while consuming only 2.5mA. 

The LTC1 164-6 provides an elliptic lowpass rolloff with 
stopband attenuation of 64dB at 1 .44 feuTOFF and an fcLK - 
to-fcuTOFF ratio of 1 00:1 (pin 1 0to V"). Fora ratio of 1 00:1 , 
f cutoff can be clock-tuned up to 10kHz. For a fcixto- 
f cutoff ratio of 50:1 (pin 10 to V + ), the LTC1 164-6 
provides an elliptic lowpass filter with feuTOFF frequencies 
up to 20kHz. When pin 10 is connected to ground, the 
LTC1 164-6 approximates an 8th order linear phase re- 
sponse with 65dB attenuation at 4.5 f _ 3 dB and fci_K/f- 3 dB 
ratio of 160:1. The LTC1 164-6 is pin compatible with the 
LTC1 064-1. 


TVPICm APPUCRTIOn 


10kHz Anti-Aliasing Elliptic Filter 


Frequency Response 


NC ■ 
V|N ■ 


2 


13 


3_ 


12 


4_ 

LTG1 164-6 

11 


5_ 

,10 


6. 

IlfSp ' v : :.- 

9 


7 


8 




— 



NC 

-8V 

CLK = 1MHz 
-8 V 
VoilT 


WIDEBAND NOISE = 115hV rms 

NOTE: THE CONNECTION FROM PIN 7 TO PIN 14 SHOULD BE MADE 
UNDER THE PACKAGE. THE POWER SUPPLIES SHOULD BE BYPASSED 
BY A 0.1 ^iF CAPACITOR AS CLOSE TO THE PACKAGE AS POSSIBLE. 
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rbsoiutc mnximum RRTinGs (Note 1) 


Total Supply Voltage (V + to V") 16V 

Input Voltage (Note 2) (V + + 0.3V) to (V“- 0.3V) 

Output Short-Circuit Duration Indefinite 

Power Dissipation 400mW 

Burn-In Voltage 16V 


Operating Temperature Range 

LTC1164-6C -40°C to 85°C 

LTC1164-6M -55°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PflCKRG€/ORD€R inFORfllATIOn 


TOP VIEW 


NC |T 



CONNECT 2 

Vin GE 


13] NC 

GND [7 


n\ V" 

v + U 


TT] CLK 

GND |T 


10] ELL/BESS 

LP6 \± 


2 VOUT 

CONNECT 1 \T 


3 NC 

J PACKAGE N PACKAGE 


14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 


Tjmax = 150°C, 0 JA = 65°C/W (J) 
Tjmax = 1 1 0°C, 0 JA = 65°C/W (N) 


ORDER PART 
NUMBER 


LTC1164-6CN 

LTC1164-6CJ 

LTC1164-6MJ 


TOP VIEW 


NC |T 
VinU 

GND [T 

we 

GND [][ 

“CE 
LP6 U| 

CONNECT 1 nr 


16] CONNECT 2 
15] NC 
U\ V” 

TT] NC 
TO CLK 
TT] ELL/BESS 

To] NC 

I] Vqut 


S PACKAGE 
16-LEAD PLASTIC SOL 

Tjmax = 1 1 0°C, 0ja = 85°C/W 


ORDER PART 
NUMBER 


LTC1164-6CS 


Consult factory for Industrial grade parts. 


€l€CTRICni CHRRRCT€RISTICS 

Vs = ±7.5V, R l = 10k, T a = 25°C, fcLK = 400kHz, TTL or CMOS level (maximum clock rise or fall time < Ijus) and all gain 
measurements are referenced to passband gain, unless otherwise specified, (^clk/^cutoff) = 4kHz at 100:1 and 8kHz at 50:1. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband Gain 0.1 Hz to 0.25 fcuTOFF (Note 4) 

fiN = 1kHz, (fcLK/fc) = 100:1 

• 

-0.50 

-0.15 

0.25 

dB 

Passband Ripple with Vs = Single 5 V 

1Hz to 0.8 f c (Table 2) 


0.1 to -0.3 

dB 

Gain at 0.50 fcuTOFF (Note 3) 

f|N = 2kHz, (fcLK/fc) = 100:1 

• 

-0.45 

-0.10 

0.10 

dB 

Gain at 0.90 fcuTOFF (Note 3) 

f 1N = 3.6kHz, (fcLK/fc) = 100:1 

• 

-0.75 

-0.30 

0.10 

dB 

Gain at 0.95 fcuTOFF (Note 3) 

f,N = 3.8kHz, (fcLK/fc) = 100:1 

• 

-1.40 

-0.70 

-0.40 

dB 

Gain at fcuTOFF (Note 3) 

f, N = 4kHz, (fcuc/fc) = 100:1 

• 

-3.50 

-2.70 

-2.30 

dB 


f|N = 8kHz - (fcLK/fc) = 50:1 

• 

-3.00 

-2.10 

-1.50 

dB 

Gain at 1 .44 fcuTOFF (Note 3) 

f| N = 5.76kHz, (f C LK/fc) = 100:1 

• 

-69 

-64 

-58 

dB 

Gain at 2.0 fcuTOFF (Note 3) 

fiN = 8kHz, (fcLK/fc) = 100:1 

• 

-69 

-64 

-58 

dB 

Gain with fcLK = 20kHz 

f|N = 200Hz, (fcuc/fc) = 100:1 


-3.50 

-2.70 

-2.30 

dB 

Gain with Vs = ±2.375V 

f, N = 400kHz, f, N = 2kHz, (f CLK /fc) = 100:1 


-0.50 

-0.10 

0.30 

dB 


f, N = 400kHz, f| N = 4kHz, (fcuc/fc) = 1 00:1 


-3.30 

-2.50 

-2.00 

dB 

Input Frequency Range (Tables 3, 4) 

(fcLK/fc) = 100:1 



0 - <fcLK/2 


kHz 


(fcLK/fc) = 50:1 



0 - <fcLK 


kHz 

Maximum fcLK (Table 3) 

V s >±7.5V 



1.5 


MHz 


V s < ±5V 



1.0 


MHz 


V s = Single 5V, AGND = 2V 



1.0 


MHz 
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ELECTRICAL CHARACTERISTICS 

Vs = ±7.5V, R l = 10k, Ta = 25°C, Iclk = 400kHz, TTL or CMOS level (maximum clock rise or fall time < Ijos) and all gain 
measurements are referenced to passband gain, unless otherwise specified. (fcLK/fcuTOFF) = 4kHz at 100:1 and 8kHz at 50:1. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Clock Feedthrough 

Input at GND, f = fox Square Wave 







V S = ±7.5V, (fcLK/fc) = 100:1 



500 


^Vrms 


V S = ±5V, (f C LK/fc) = 50:1 



200 


pVrms 

Wideband Noise 

Input at GND, 1 Hz < f < fcLK 







V S = ±7.5V 



1 1 5 ± 5% 


flVRMS 


V s = +2.5V 



100 ±5% 


fiVRMS 

Input Impedance 



45 

75 

110 

kQ 

Output DC Voltage Swing 

V S = ±2.375V 

• 

±1.25 

±1.50 


V 


V S = ±5V 

• 

±3.70 

±4.10 


V 


V s = ±7.5V 

• 

±5.40 

±5.90 


V 

Output DC Offset 

V s = ±5V, (fcLK/fc) = 100:1 



±100 

±160 

mV 

Output DC Offset TempCo 

V s = ±5V,(f CLK /fc) = 100:1 


| ±100 | 

^iV/°C 

Power Supply Current 

V s = ±2.375V, T a > 25°C 



2.5 

4.0 

mA 



• 



4.5 

mA 


V s = ±5V, T a > 25°C 



4.5 

7.0 

mA 



• 



8.0 

mA 


V s = ±7.5V, T A > 25°C 



7.0 

11.0 

mA 



• 



12.5 

mA 

Power Supply Range 



±2.375 


±8 

V 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which life of 
the device may be impaired. 

Note 2: Connecting any pin to voltages greater than V + or less than V“ 


may cause latch-up. It is recommended that no sources operating from 
external supplies be applied prior to power-up of the LTC1 164-6. 

Note 3: All gains are measured relative to passband gain. 

Note 4: The cutoff frequency of the filter is abbreviated as fcuTOFF ° r fc- 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Stopband Gain vs Frequency 
(Elliptic Response) 



FREQUENCY (kHz) 


Stopband Gain vs Frequency 
(Elliptic Response) 
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TVPicm P€RFORmnnc€ cHMinaemsTics 


Stopband Gain vs Frequency 
(Linear Phase Response) 


Passband Gain and Phase 
vs Frequency 



A. RESPONSE WITHOUT 
EXTERNAL RC FILTER 

B. RESPONSE WITH AN 
EXTERNAL SINGLE 
POLE LOWPASS RC 
FILTER (f_ 3dB AT 10kHz) 


2 6 10 14 18 22 26 30 34 38 42 



1 2 3 4 5 


FREQUENCY (kHz) 


1164-6 G03 


FREQUENCY (kHz) 

1164-6 G04 


Passband Gain vs Frequency 



Passband Gain and Phase vs 
Frequency (Linear Phase Response) 

o 
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Passband vs Frequency and Iclk 


V s = ±5V 
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INPUT FREQUENCY (kHz) 

1164-6G06 


A. f CL K = 400kHz 
fcUTOFF = 4kHz 

B. f CL K = 600kHz 
fcUTOFF = 6kHz 

C. f C LK = 800kHz 
fcUTOFF = 8kHz 

D. f CL K = 1MHz 
fcUTOFF = 10kHz 


Passband Gain and Phase vs 


Frequency and fcLK 



1 2 3 4 5 


A. RESPONSE WITHOUT 
EXTERNAL SINGLE 
POLE RC FILTER 

B. RESPONSE WITH AN 
EXTERNAL SINGLE 
POLE LOWPASS RC 
FILTER (f_ 3dB AT 10kHz) 


FREQUENCY (kHz) 


1164-6 G08 
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THD + NOISE (dB) GROUP DELAY (jis) 


LTC1164-6 

Tvpicm P€RFORmnnc€ cHnnncTcmsTics 


Passband vs Frequency and Iqlk 


V s = ±8V 

5 ~ (fCLK/f c) = 50:1 

. _ (PIN 10 ATV + ) 


A.f C LK = 250kHz 

2.0 

fcUTOFF = 5kHz 

1.5 

B.f C LK = 500kHz 
IcUTOFF = 10kHz 

1.0 

C.f CL K = 1MHz 

0.5 

Icutoff = 20kHz 

S o 

2-0.5 

< 

« -1.0 
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Maximum Passband over 
Temperature 


.-T a = 70°C- 
' T a = -40°C 


"V s = SINGLE 5V ~ 
-Uclk/^c) = 50:1 _ 
GND = 2V WITH 
-EXTERNAL RC - 
LOWPASS FILTER 
■(f-3dB = 40kHz) “ 


FREQUENCY (kHz) 


8 10 12 14 16 18 20 22 

FREQUENCY (kHz) 


Group Delay vs Frequency 
(Linear Phase Response) 
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Group Delay vs Frequency 
(Elliptic Response) 

1 I A. fcLK = 250kHz! (fcLK/fc) = 50:1 
» _ WITH EXTERNAL RC LOWPASS, 
FILTER (f c = 10kHz) 

, B.f C LK = 500kHz 
1 " (fcLK/fc) = 100:1 


THD + Noise vs Frequency 
(Elliptic Response) 

-40 | -r 1 

_ 45 _V S = ±5V, V||\| = IVrms 

40 (20k RESISTOR PIN 14 TO V") 

-50 — fcLK = 500kHz, fc = 5kHz 

, c (fCLK/fc) = 100:1, T a = 25 0 C 
“55 -(5 REPRESENTATIVE UNITS) 


FREQUENCY (kHz) 


2 3 

FREQUENCY (kHz) 


THD + Noise vs Frequency 
(Elliptic Response) 

-40 ■ | | | | 

_ 45 _V S = ±5V, V| N = IVrms, 
f CL K = 500kHz, f c = 10kHz, 

-50 -(fcLK/fc) = 50 : 1 , T a = 25°C, — 
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~ 55 “ FILTER (f_ 3dB = 20kHz) — 
_ 60 _(5 REPRESENTATIVE UNITS) 


THD + Noise vs Frequency 
(Elliptic Response) 
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TVPicni P€RFOflmnnc€ cHiMnacmsTics 


THD + Noise vs RMS Input 
(Elliptic Response) 



0.1 1 5 

INPUT (V RMS ) 


THD + Noise vs RMS Input for 
Single 5V (Elliptic Response) 



INPUT (V RMS ) 

1164-6 G18 


Power Supply Current vs Power 
Supply Voltage 



0123456789 10 

POWER SUPPLY (V + OR V“) 

1164-6 G19 


Transient Response 



V s = ±7.5V, V| N = ±3V 100Hz SQUARE WAVE 
f CL K = 500kHz, (f CLK /fc) = 100:1, fcuTOFF - 5kHz 
ELLIPTIC RESPONSE 


Transient Response 



V s = ±7.5V, V, N = ±3V 100Hz SQUARE WAVE 
fCLK = 800kHz, (fcu</fc) = 160:1, fcuTOFF = 5kHz 
LINEAR PHASE RESPONSE 


pm Funcnons (14-Lead Dual-In-Line Package) 
Power Supply Pins (4, 12) 

The V + (pin 4) and the V - (pin 1 2) should be bypassed with 
a 0.1 pF capacitor to an adequate analog ground. The 
filter’s power supplies should be isolated from other 
digital or high voltage analog supplies. A low noise linear 
supply is recommended. Using a switching power supply 
will lower the signal-to-noise ratio of the filter. The supply 
during power-up should have a slew rate less than 1 V/ps. 
When V + is applied before V“ and V~ could go above 
ground, a signal diode must be used to clamp V". Figures 


1 and 2 show typical connections for dual and single 
supply operation. 

Clock Input Pin (11) 

Any TTL or CMOS clock source with a square-wave output 
and 50% duty cycle (±10%) is an adequate clock source 
for the device. The power supply for the clock source 
should not be the filter’s power supply. The analog ground 
for the filter should be connected to clock’s ground at a 
single point only. Table 1 shows the clock’s low and high 


rrunm 

TECHNOLOGY 


8-83 







LTC1164-6 


pin Funcnons (14-Lead Dual-In-Line Package) 

level threshold value for a dual or single supply operation. 
A pulse generator can be used as a clock source provided 
the high level ON time is greaterthan 0.5ps. Sine waves are 
not recommended for clock input frequencies less than 
100kHz, since excessively slow clock rise or fall times 
generate internal clock jitter (maximum clock rise or fall 
time < ijis). The clock signal should be routed from the 
right side of the 1C package to avoid coupling into any input 
or output analog signal path. A 1 k resistor between clock 
source and pin 1 1 will slow down the rise and fall times of 
the clock to further reduce charge coupling, Figures 1 
and 2. 



Figure 1. Dual Supply Operation for Iclk/Icutoff = 100:1 



Figure 2. Single Supply Operation for Iclk/Icutoff = 100:1 


Table 1. Clock Source High and Low Threshold Levels 


POWER SUPPLY 

HIGH LEVEL 

LOW LEVEL 

Dual Supply = ±7.5V 

> 2.18V 

< 0.5V 

Dual Supply = ±5V 

> 1.45V 

< 0.5V 

Dual Supply = ±2.5V 

> 0.73V 

<-2.0V 

Single Supply = 12V 

> 7.80V 

< 6.5V 

Single Supply = 5V 

> 1.45V 

< 0.5V 


Analog Ground Pins (3, 5) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane surrounding the pack- 
age is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pins 3 and 5 should be connected to the 
analog ground plane. For single supply operation pins 3 
and 5 should be biased at 1/2 supply and they should be 
bypassed to the analog ground plane with at least a IjjF 
capacitor (Figure 2). For single 5 V operation at the highest 
fax of 1MHz, pins 3 and 5 should be biased at 2 V. This 
minimizes passband gain and phase variations (see Typi- 
cal Performance Characteristics curves: Maximum Pass- 
band for Single 5V, 50:1 ; and THD + Noise vs RMS Input 
for Single 5 V, 50:1). 

Elliptic/Linear Phase Select Pin (10) 

The DC level at this pin selects the desired filter response, 
elliptic or linear phase and determines the ratio of theclock 
frequency to the cutoff frequency of the filter. Pin 10 
connected to V - provides an elliptic lowpass filter with 
clock-to-fcuTOFF ratio of 100:1. Pin 10 connected to 
analog ground provides a linear phase lowpass filter with 
a clock- to-f_ 3 dB ratio of 160:1 and a transient response 
overshoot of 1%. When pin 10 is connected to V + the 
clock-to-fcuTOFF ratio is 50:1 and the filter response is 
elliptic. Bypassing pin 10 to analog ground reduces the 
output DC offsets. If the DC level at pin 10 is switched 
mechanically or electrically at slew rates greater than 1 V/ 
jus while the device is operating, a 10k resistor should be 
connected between pin 10 and the DC source. 

Filter Input Pin (2) 

The input pin is connected internally through a 50k resis- 
tor tied to the inverting input of an op amp. 

Filter Output Pins (9, 6) 

Pin 9 is the specified output of the filter; it can typically 
source or sink 1mA. Driving coaxial cables or resistive 
loads less than 20k will degrade the total harmonic distor- 
tion of the filter. When evaluating the device’s distortion an 
output buffer is required. A noninverting buffer, Figure 3, 
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can be used provided that its input common-mode range 
is well within the filter’s output swing. Pin 6 is an interme- 
diate filter output providing an unspecified 6th order 
lowpass filter. Pin 6 should not be loaded. 



Figure 3. Buffer for Filter Output 


External Connection Pins (7, 14) 

Pins 7 and 14 should be connected together. In a printed 
circuit board the connection should be done under the 1C 
package through a short trace surrounded by the analog 
ground plane. 

NC Pin (1,8,13) 

Pins 1 , 8, and 13 are not connected to any internal circuit 
point on the device and should preferably be tied to analog 
ground. 


flppucOTions mFORmnnon 

Passband Response 

The passband response of the LTC1 1 64-6 is optimized for 
a fcLK/fcuTOFF ratio of 100:1. Minimum passband ripple 
occurs from 1 Hzto 80% of fcuTOFF- Athough the passband 
of the LTC1 164-6 is optimized for ratio fcLK^cuTOFF of 
100:1, if a ratio of 50:1 is desired, connect a single pole 
lowpass RC (f- 3 dB = 2 fcuTOFF) at the output of the filter. 
The RC will make the passband gain response as flat as the 
100:1 case. If the RC is omitted, and clock frequencies are 
below 500kHz the passband gain will peak by 0.4dB at 
90% fcuTOFF- 


Table 2. Typical Passband Ripple with Single 5V Supply 
(<clk/>c) = 100:1, GND = 2 V, 30kHz, Fixed Single Pole, Lowpass 
RC Filter at Pin 9 (See Typical Applications) 


PASSBAND 

FREQUENCY 

PASSBAND GAIN 
(REFERENCED TO OdB) 


fcuTOFF = 1kHz 

1 fcuTOFF = 10kHz 


T a = 25°C 

t a = o°c 

T a = 25°C 

T a = 70°C 

% Of fcuTOFF 

(dB) 

(dB) 

(dB) 

(dB) 

10 

0.00 

0.00 

0.00 

0.00 

20 

-0.02 

0.00 

0.01 

0.01 

30 

-0.05 

-0.01 

-0.01 

0.01 

40 

-0.10 

-0.02 

-0.02 

0.02 

50 

-0.13 

-0.03 

-0.01 

0.03 

60 

-0.15 

-0.01 

0.01 

0.05 

70 

-0.18 

-0.01 

0.01 

0.07 

80 

-0.25 

-0.08 

-0.05 

0.02 

90 

-0.39 

-0.23 

-0.18 

-0.05 

fdJTOFF 

-2.68 

-2.79 

-2.74 

-2.68 


The gain peaking can approximate a sin %/% correction for 
some applications. (See Typical Performance Characteris- 
tics curve, Passband vs Frequency and fcLK at fcLK/fc = 
50:1.) 

When the LTC1 1 64-6 operates with a single 5 V supply and 
its cutoff frequency is clock-tuned to 10kHz, an output 
single pole RC filter can also help maintain outstanding 
passband flatness from 0°C to 70°C. Table 2 shows 
details. 

Clock Feedthrough 

Clockfeedthrough is defined as, the RMS value of the clock 
frequency and its harmonics that are present at the filter’s 
output pin (9). The clock feedthrough is tested with the 
input pin (2) grounded and, it depends on PC board layout 
and on the value of the power supplies. With proper layout 
techniques the values of the clockfeedthrough are shown 
in Table 3. 


Table 3. Clock Feedthrough 


Vs 

50:1 

100:1 

±2.5V 

SO^iVrms 

60fjV RM s 

±5V 

100|oVrms 

200|o.Vrms 

±7.5V 

150(iVr M s 

500pV RMS 


Note: The clock feedthrough at ±2.5V supplies is imbedded in the wideband 
noise of the filter. (The clock signal is a square wave.) 
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Any parasitic switching transients during the rise and fall 
edges of the incoming clock are not part of the clock 
feedthrough specifications. Switching transients have fre- 
quency contents much higher than the applied clock; their 
amplitude strongly depends on scope probing techniques 
as well as grounding and power supply bypassing. The 
clock feedthrough, if bothersome, can be greatly reduced 
by adding a simple R/C lowpass network at the output of 
the filter pin (9). This R/C will completely eliminate any 
switching transient. 

Wideband Noise 

The wideband noise of the filter is the total RMS value of 
the device’s noise spectral density and it is used to 
determine the operating signal-to-noise ratio. Most of its 
frequency contents lie within the filter passband and it 
cannot be reduced with post filtering. For instance, the 
LTC1 1 64-6 wideband noise at ±2.5V supply is 1 00 |j.Vrms, 
90|A/rms of which have frequency contents from DC up to 
the filter’s cutoff frequency. The total wideband noise 
(mVrms) is nearly independent of the value of the clock. 
The clock feedthrough specifications are not part of the 
wideband noise. 

Speed Limitations 

The LTC1 1 64-6 optimizes AC performance versus power 
consumption. To avoid op amp slew rate limiting at 
maximum clock frequencies, the signal amplitude should 
be kept below a specified level as shown on Table 4. 

Aliasing 

Aliasing is an inherent phenomenon of sampled data 
systems and it occurs when input frequencies close to the 
sampling frequency are applied. For the LTC1 164-6 case, 
an input signal whose frequency is in the range of fcLK 
±4%, will be aliased back into the filter’s passband. If, for 
instance, an LTC1 164-6 operating with a 100kHz clock 
and 1 kHz cutoff frequency receives a 98.5kHz, 1 OitiVrms 
input signal, a 1 .5kHz, 1 0 |u.Vrms alias signal will appear at 
its output. When the LTC1 1 64-6 operates with a clock-to- 
cutoff frequency of 50:1 , aliasing occurs at twice the clock 
frequency. Table 5 shows details. 


Table 4. Maximum % vs V§ and Iqlk 


POWER SUPPLY 

MAXIMUM f CL K 

MAXIMUM V| N 

±7.5V 

1.5MHz 

IVrms (f|N > 35kHz) 


1MHz 

3Vrms (f|N > 25kHz) 


>1MHz 

0.7V rms (f, N > 250kHz) 

±5V 

1MHz 

2.5Vr MS (f,N > 25kHz) 


1MHz 

0.5Vr MS (f| N > 100kHz) 

Single 5 V 

1MHz 

0.7Vr MS (f| N > 25kHz) 


1MHz 

0-5VRMS (f|N > 100kHz) 


Table 5. Aliasing (foLK = 100kHz) 


INPUT FREQUENCY 

OUTPUT LEVEL 

OUTPUT FREQUENCY 

(V, N = IVrms) 

(Relative to Input) 

(Aliased Frequency) 

(kHz) 

W) 

(kHz) 


Iclk/Ic = 1 00:1 , f CUTOFF = 1 kHz 


96 (or 104) 

-75.0 

4.0 

97 (or 103) 

-68.0 

3.0 

98 (or 102) 

-65.0 

2.0 

98.5 (or 101 .5) 

-60.0 

1.5 

99 (or 101) 

-3.2 

1.0 

99.5 (or 100.5) 

-0.5 

0.5 

fCLK/fc = 50:1, fcUTOFF 

= 2kHz 


192 (or 208) 

-76.0 

8.0 

194 (or 206) 

-68.0 

6.0 

196 (or 204) 

-63.0 

4.0 

198 (or 202) 

-3.4 

2.0 

199 (or 201) 

-1.3 

1.0 

199.5(or 200.5) 

-0.9 

• 0.5 


Table 6. Transient Response of LTC Lowpass Filters 


LOWPASS FILTER 

DELAY 

TIME* 

(SEC) 

RISE 

TIME** 

(SEC) 

SETTLING 

TIME*** 

(SEC) 

OVER- 

SHOOT 

(%) 

LTC1 064-3 Bessel 

0.50/fc 

0.34/fc 

0.80/fc 

0.5 

LTC1 164-5 Linear Phase 

0.43/fc 

0.34/f c 

0.85/fc 

0 

LTC1 164-6 Linear Phase 

0.43/fc 

0.34/fc 

1.15/fc 

1 

LTC1 264-7 Linear Phase 

1.15/fc 

0.36/fc 

2.05/fc 

5 

LTC1 164-7 Linear Phase 

1.20/fc 

0.39/fc 

2.20/fc 

5 

LTC1 064-7 Linear Phase 

1.20/fc 

0.39/fc 

2.20/fc 

5 

LTC1 164-5 Butterworth 

0.80/f c 

0.48/fc 

2.40/fc 

11 

LTC1 164-6 Elliptic 

0.85/fc 

0.54/fc 

4.30/fc 

18 

LTC1 064-4 Elliptic 

0.90/fc 

0.54/fc 

4.50/fc 

20 

LTC1 064-1 Elliptic 

0.85/fc 

0.54/fc 

6.50/fc 

20 


* To 50% ±5%, ** 10% to 90% ±5%, *** To 1% ±0.5% 
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TVPICAl APPUCOTIOnS 


8th Order Elliptic Lowpass Filter 
(fcLK/fc) = 50:1 



NOTES: 

1. OPTIONAL OUTPUT BUFFER 
1/2rcRC = 2 x fcUTOFF- 

2. PINS 1,8, 13 CAN BE GROUNDED 
OR LEFT FLOATING. 


1 1 64-6 TA06 


8th Order Elliptic Lowpass Filter 
(Iclk/W = 100:1 


8th Order Linear Phase Lowpass Filter 
OcLK/fc) = 160:1 




8th Order 20kHz Cutoff, Elliptic Filter Operating 
with a Single 5V Supply and Driving Ik, lOQOpF Load 



NOTES: 

1 . TOTAL SUPPLY CURRENT l s = 4mA 
(EXCLUDING OUTPUT LOAD CURRENT). 

2. FLAT PASSBAND UP TO 18kHz, 
f_ 3dB = 20kHz. 

3. THD + NOISE < — 70dB, 

1Vp-p< V)j\| <3Vp.p, f|[\i = 1kHz. 


1164-6 TA09 
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topical application 


8th Order Low Power, Clock-Tunable Elliptic Filter with 
Active RC Input Anti-Aliasing Filter and Output Smoothing Filter 


O'VF'ID 0.001|iF^J^ 


ATTENUATION AT 10kHz = -48dB 
NOTES: 

1. CLOCK-TUNABLE OVER ONE DECADE 
OF CUTOFF FREQUENCY. 

2. BOTH INPUT AND OUTPUT RC ACTIVE 
FILTERS ARE 0.1 dB CHEBYSHEV FILTERS 
WITH 1kHz RIPPLE BANDWIDTH. 




100Hz <f c < 1kHz 
10kHz <f CL K^ 100kHz 


R1 R2 Z=:C2 

16.9k 97.6k T37 0.001 |iF 1 


f c = 1 kHz 

ATTENUATION AT 10kHz 


Single 5V, 16th Order Lowpass Filter 
fcuTOFF = 10kHz 



V s = SINGLE 5V, l s = 5mA TYP 
16TH ORDER LOWPASS FILTER 
FIXED fcuTOFF. fcLK = 540kHz 
f CUTOFF = 10kHz 
(fCLK/fc) = 54:1 

1/2tcR1C1 = 1/2tcR2C2 = 2f CU TOFF 


Gain vs Frequency 


_V S = SINGLE 5 V 
l s = 5mA, 16TH ORDER 
-ELLIPTIC LOWPASS - 
f CL K = 540kHz 
fcUTOFF = 10kHz 


THD + Noise vs Frequency 


-45 _V S = SINGLE 5V 

IS = 5mA, 16TH ORDER 
-50 -ELLIPTIC LOWPASS - 
Vin = 0.5Vrms 
ST~ 55 -f C LK = 540kHz 
S_ 60 _f c = 10kHz 


FREQUENCY (kHz) 


FREQUENCY (kHz) 
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Low Power, Linear Phase 
8th Order Lowpass Filter 


F€ATUR€S 

■ Better Than Bessel Roll-Off 

■ fcuTOFF up to 20kHz, Single 5 V Supply 

■ Isupply = 2.5mA (Typ), Single 5 V Supply 

■ 75dB THD + Noise with Single 5 V Supply 

■ Phase and Group Delay Response Fully Tested 

■ Transient Response with No Ringing 

■ Wide Dynamic Range 

■ No External Components Needed 

APPUCATIORS 

■ Data Communication Filters 

■ Time Delay Networks 

■ Phase Matched Filters 


DCSCRIPTIOn 

The LTC1 164-7 is a low power, clock-tunable monolithic 
8th order lowpass filter with linear passband phase and 
flat group delay. The amplitude response approximates a 
maximally flat passband and exhibits steeper roll-off than 
an equivalent 8th order Bessel filter. For instance, at twice 
the cutoff frequency the filter attains 34dB attenuation 
(vs12dB for Bessel), while at three times the cutoff fre- 
quency the filter attains 68dB attenuation (vs 30dB for 
Bessel). The cutoff frequency of the LTC1 1 64-7 is tuned 
via an external TTL or CMOS clock. 

Low power is achieved without sacrificing dynamic range. 
With single 5 V supply, the S/N + THD is up to 75dB. 
Optimum 91 dB S/N is obtained with +7.5 V supplies. 

The clock-to-cutoff frequency ratio of the LTC1 164-7 can 
be set to 50:1 (pin 10 to V + ) or 100:1 (pin 10 to V"). 

When the filter operates at the clock-to-cutoff frequency 
ratio of 50:1 , the input is double-sampled to lower the risk 
of aliasing. 

The LTC1 164-7 is pin-compatible with the LTC1064-X 
series and LTC1 264-7. 


TVPICRL APPIICATIOR 


10kHz Linear Phase Lowpass Filter 


Frequency Response 


1 


|14 

2 


13 


3 


12 



4 

LTC1 164-7 

11 



! 5 

10 



6 


9 



7 


-2- 


“ 

r 1 




-5V 

CLK = 500kHz 

5V 

v OUT 


NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED 
BY A 0.1|+F CAPACITOR CLOSE TO THE PACKAGE 
AND ANY PRINTED CIRCUIT BOARD ASSEMBLY 
SHOULD MAINTAIN A DISTANCE OF AT LEAST 0.2 
INCHES BETWEEN ANY OUTPUT OR INPUT PIN AND 
THE f CLK LINE. 



1 


10 100 


FREQUENCY (kHz) 


1 164-7 TA02 
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absolute mnximum ratiags 

Total Supply Voltage (V + to V") 16V 

Power Dissipation 400mW 

Burn-In Voltage 16V 

Voltage at Any Input (V~ - 0.3V) < V, N < (V + + 0.3V) 

Storage Temperature Range -65°C to 150°C 


Operating Temperature Range 

LTC1164-7C -40°C to 85°C 

LTC1164-7M -55°C to 125°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER lAFOAmATIOn 


NC \T 
V||\| Q[ 
GND \T 

V + GE 

GND E 
LP6 E 
CONNECT 1 E 


TOP VIEW 




J PACKAGE 

14-LEAD CERAMIC DIP 


U\ CONNECT 2 
El NC 
El V" 

El f CLK 
E 50/100 
El V OUT 
T| NC 


N PACKAGE 
14-LEAD PLASTIC DIP 


Tjmax = 150°C, Gja = 65°C/W (J) 
Tjmax = 1 10°C, 0 JA = 65°C/W (N) 


ORDER PART 


TOP VIEW 


ORDER PART 

NUMBER 

NC E 

] 

El CONNECT 2 

El NC 

El V“ 

E NC 

5H fCLK 

El 50/100 

El NC 

3 Vqut 

NUMBER 

LTC1164-7CN 

LTC1164-7CJ 

LTC1164-7MJ 

VinE 

GND E 

v + E 

GND E 
NC E 
LP6 E 
CONNECT 1 E 


LTC1164-7CS 


S PACKAGE 

16-LEAD PLASTIC SOL 



Tjmax 

= 11O o C,0j A = 85°C/W 



Consult factory for Industrial grade parts. 


ELECTRICAL CHARACTERISTICS 

V$ = ±7.5V, Rl = 10k, Ta = 25°Q, f cutoff = 8kHz or 4kHz, Iclk = 400kHz, TTL or CMOS level and all gain measurements are referenced 
to passband gain, unless otherwise specified. (Maximum clock rise or fall time < ljus) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband Gain 

0. 1 Hz <f< 0.25 fcuTOFF 

fTEST = 2kHz, (fcLK/fc) = 50:1 (Note 4) 

• 

-0.50 

-0.10 

0.30 

dB 

Gain at 0.50 fcuTOFF (Mote 3) 

f T EST = 4kHz, (fcLK/fc) = 50:1 

• 

-0.50 

-0.20 

0.30 

dB 


f T EST = 2kHz, (f CLK /fc) = 100:1 

• 

-0.85 

-0.65 

0.15 

dB 

Gain at 0.75 fcuTOFF 

fTEST = 6kHz, (fcLK/fc) = 50:1 

• 

-1.2 

-1.1 

0.1 

dB 

Gain at fcuTOFF 

fTEST = 8kHz, (fcLK/fc) = 50:1 


-4.1 

-3.4 

-1.9 

dB 


fTEST = 4kHz, (f C LK/fc) = 100:1 

• 

-5.5 

-5.2 

-2.5 

dB 

Gain at 2.0 fcuTOFF 

fTEST = 16kHz, (fcLK/fc) = 50:1 

• 

-37 

-34 

-30 

dB 


fTEST = 8kHz, (fcLK/fc) = 100:1 

• 

-38 

-34 

-30 

dB 

Gain with fcLK = 20kHz 

fTEST = 200Hz, (fcLK/fc) = 100:1 


-5.7 

-5.2 

-2.5 

dB 

Gain with f C |_K = 400kHz, V s = ±2.375 V 

fTEST = 4kHz, (fcLK/fc) = 50:1 


-0.50 

-0.2 

0.2 

dB 


fTEST = 8kHz, (fcLK/fc) = 50:1 


-3.75 

-3.4 

-2.5 

dB 

Phase Factor (F) 

0.1Hz <f < fcuTOFF 






Phase = 1 80° - F(f/f c ) 

(fcLK/fc) = 50:1 



435 ±2 


Deg 

(Note 1) 

CD 

CD 

II 

;p 

"Sc 

—1 

CD 



428 ±2 


Deg 


(Wfc) = 50:1 

• 

430 


442 

Deg 


CD 

CD 

II 

CD 

• 

423 


434 

Deg 

Phase Nonlinearity 

(fcuc/fc) = 50:1 



±1.0 


% 

(Note 1) 

CD 

CD 

II 



±1.0 


% 


(fcuc/fc) = 50:1 

• 



±2.0 

% 


(fcuc/fc) = 100:1 

• 



±2.5 

% 
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€l€CTRICRl CHARACTERISTICS 

V s = ±7.5V, R l = 10k, T a = 25°C, Icutoff = 8kHz or 4kHz, ! C lk = 400kHz, TTL or CMOS level and all gain measurements are referenced 
to passband gain, unless otherwise specified. (Maximum clock rise or fall time < 1jjs) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Group Delay (t d ) 

( f CLK/fc) = 50:1,f>fcUTOFF 



151.011 


MS 

t d = (1/360)(f/f c ) 

(fCL«/fc) = 100:1, f > fcUTOFF 



297.211 


MS 

(Note 2) 

( f CLK^c) = 50:1,f>fcuTOFF 

• 

149.3 


153.5 

MS 


(fCLK/fc) = 100:1 > f ^CUTOFF 

• 

293.8 


301.4 

MS 

Group Delay Deviation 

(fcLK/fc) = 50:1, f > fcUTOFF 



11.0 


% 

(Note 2) 

(fdK/fc) = 1 00:1 , f > fcUTOFF 



11.0 


% 


(fCLK/fc) = 50:1, f> fcUTOFF 

• 



12.0 

% 


(fCLK/fc) = 100; V ^ fcUTOFF 

• 



12.5 

% 

Input Frequency Range (Table 9) 

(fcLK/fc) = 50:1 



<fcLK 


kHz 


o 

o 

II 

33 

—1 

0 



<fCLK /2 


kHz 

Maximum fcLK 

V s = Single 5V (Pins 3 and 5 at 2V) 



1 


MHz 


V s = ±5V 



1 


MHz 


V s = ±7.5V 



1 


MHz 

Clock Feedthrough (f = fcu<) 

50:1, ±5V, Input at GND 


100 i 

mVrms 

Wideband Noise 

V s = ±2.5V 



9515% 


mVrms 

( 1 Hz <f < f CLK ) 

V S = ±5V 



10515% 


MVrms 


V s = ±7.5V 



11515% 


MVrms 

Input Impedance 



35 

55 

90 

kQ 

Output DC Voltage Swing (Note 4) 

V s = ± 2 . 375V 


11.25 

11.4 


V 


V S = ±5V 

• 

13.70 

13.9 


V 


V s = 17.5V 

• 

15.40 

16.1 


V 

Output DC Offset 

50:1, V S = ±5V 



1100 

1220 

mV 


100:1, V S = ±5V 



1100 


mV 

Output DC Offset TempCo 

50:1, V S = ±5V 



1200 


|oV/°C 


100:1, V s = ±5V 



1200 


M,V/°C 

Power Supply Current 

V s = 12.375V, T A = 25°C 



2.5 

4.0 

mA 



• 



4.5 

mA 


V s = ±5V,T a = 25°C 



4.5 

7.0 

mA 



• 



8.0 

mA 


V s = 17.5V, T a = 25°C 



7.0 

11.0 

mA 



• 



12.5 

mA 

Power Supply Range 



12.375 


18 

V 


The • denotes specifications which apply over the full operating temperature 
range. 

Note 1: Input frequencies, f, are linearly phase shifted through the filter as long as 
f < fc; fc = cutoff frequency. 

Figure 1 curve shows the typical phase response of an LTC1 164-7 operating at 
fcLK = 400kHz, fc = 8 kHz and it closely matches an ideal straight line. The phase 
shift is described by: phase shift = 180° - F(f/fc); f < fc- 
F is arbitrarily called the “phase factor” expressed in degrees. The phase factor 
together with the specified deviation from the ideal straight line allows the 
calculation of the phase at a given frequency. Example: The phase shift at 7kHz of 
the LTC1 1 64-7 shown in Figure 1 is: phase shift = 180°- 434° (7kHz/1 0kHz) ± 
nonlinearity = -1 23.8° ± 1 % or -1 23.9° ± 1 .24°. 

Note 2: Group delay and group delay deviation are calculated from the measured 
phase factor and phase deviation specifications. 

Note 3: The filter cutoff frequency is abbreviated as f cutoff or fc- 

Note 4: The AC swing is typically 11 V P . P , 7V P . P , 2.8V P . P for ±7.5V, ±5V, ±2.5V 

supply respectively. For more information refer to the THD + Noise vs Input graphs 



012 3456789 10 

FREQUENCY (kHz) 

1164-7 F01 

Figure 1. Phase Response in the Passband (Note 1) 
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Table 1. Passband Gain and Phase Table 2. Passband Gain and Phase 

V s = ±7.5V, Ratio = 50:1, T A = 25°C V s = ±7.5V, Ratio = 100:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fcLK = 250kHz (Typical Unit) 



f CLK = 250kHz (Typical Unit) 



0.000 

- 0.085 

180.00 

0.000 

- 0.201 

180.00 

1.250 

- 0.085 

71.51 

0.625 

- 0.201 

71.39 

2.500 

- 0.261 

- 37.31 

1.250 

- 0.727 

- 36.79 

3.750 

- 1.092 

- 146.38 

1.875 

- 2.075 

- 143.66 

5.000 

- 3.647 

- 255.45 

2.500 

- 5.205 

- 247.79 

fdK = 500kHz (Typical Unit) 



f CL K = 500kHz (Typical Unit) 



0.000 

- 0.091 

180.00 

0.000 

- 0.176 

180.00 

2.500 

- 0.091 

71.36 

1.250 

- 0.176 

71.34 

5.000 

- 0.251 

- 37.57 

2.500 

- 0.645 

- 36.88 

7.500 

- 1.028 

- 146.78 

3.750 

- 1.945 

- 143.93 

10.000 

- 3.488 

- 256.16 

5.000 

- 5.032 

- 248.52 

fcuc = 750kHz (Typical Unit) 



f CL K = 750kHz (Typical Unit) 



0.000 

- 0.106 

180.00 

0.000 

- 0.161 

180.00 

3.750 

- 0.106 

71.26 

1.875 

- 0.161 

71.32 

7.500 

- 0.264 

- 37.65 

3.750 

- 0.574 

- 37.04 

11.250 

- 0.943 

- 146.88 

5.625 

- 1.789 

- 144.45 

15.000 

- 3.206 

- 256.58 

7.500 

- 4.779 

- 249.82 

fcLK = 1MHz (Typical Unit) 



f Clk = 1MHz (Typical Unit) 



0.000 

- 0.131 

180.00 

0.000 

- 0.157 

180.00 

5.000 

- 0.131 

71.11 

2.500 

- 0.157 

71.23 

10.000 

- 0.291 

- 37.71 

5.000 

- 0.538 

- 37.28 

15.000 

- 0.853 

- 146.87 

7.500 

- 1.666 

- 145.02 

20.000 

- 2.864 

- 256.81 

10.000 

- 4.527 

- 251.13 

Table 3. Passband Gain and Phase 


Table 4. Passband Gain and Phase 


V s = ±5V, Ratio = 50:1, T A = 

25°C 


V s = +5V, Ratio = 100:1, T a 

= 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

f CL K = 250kHz (Typical Unit) 



f C LK = 250kHz (Typical Unit) 



0.000 

- 0.071 

180.00 

0.000 

- 0.189 

180.00 

1.250 

- 0.071 

71.48 

0.625 

- 0.189 

71.39 

2.500 

- 0.243 

- 37.29 

1.250 

- 0.707 

- 36.75 

3.750 

- 1.068 

- 146.34 

1.875 

- 2.048 

- 143.60 

5.000 

- 3.609 

- 255.40 

2.500 

- 5.711 

- 247.74 

feu = 500kHz (Typical Unit) 



fdK = 500kHz (Typical Unit) 



0.000 

- 0.081 

180.00 

0.000 

- 0.159 

180.00 

2.500 

- 0.081 

71.35 

1.250 

- 0.159 

71.35 

5.000 

- 0.236 

- 37.52 

2.500 

- 0.603 

- 36.85 

7.500 

- 0.981 

- 146.71 

3.750 

- 1.872 

- 144.00 

10.000 

- 3.371 

- 256.13 

5.000 

- 4.926 

- 248.80 

f CLK = 750kHz (Typical Unit) 



f CLK = 750kHz (Typical Unit) 



0.000 

- 0.105 

180.00 

0.000 

- 0.149 

180.00 

3.750 

- 0.105 

71.26 

1.875 

- 0.149 

71.28 

7.500 

- 0.261 

- 37.62 

3.750 

- 0.536 

- 37.13 

11.250 

- 0.883 

- 146.80 

5.625 

- 1.704 

- 144.72 

15.000 

- 3.008 

- 256.57 

7.500 

- 4.621 

- 250.48 

tcLK = 1 MHz (Typical Unit) 



f C LK = 1MHz (Typical Unit) 



0.000 

- 0.134 

180.00 

0.000 

- 0.151 

180.00 

5.000 

- 0.134 

70.99 

2.500 

- 0.151 

71.10 

10.000 

- 0.292 

- 37.75 

5.000 

- 0.511 

- 37.52 

15.000 

- 0.771 

- 146.83 

7.500 

- 1.581 

- 145.45 

20.000 

- 2.571 

- 256.88 

10.000 

- 4.336 

- 252.01 
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Table 5. Passband Gain and Phase 
V s = Single 5V, Ratio = 50:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fcLK = 250kHz (Typical Unit) 

0.000 

- 0.085 

180.00 

1.250 

- 0.085 

71.54 

2.500 

- 0.252 

- 37.15 

3.750 

- 1.056 

- 146.12 

5.000 

- 3.562 

- 255.22 

few = 500kHz (Typical Unit) 

0.000 

- 0.101 

180.00 

2.500 

- 0.101 

71.39 

5.000 

- 0.251 

- 37.38 

7.500 

- 0.947 

- 146.44 

10.000 

- 3.252 

- 256.02 

f CL K = 750kHz (Typical Unit) 

0.000 

- 0.133 

180.00 

3.750 

- 0.133 

71.16 

7.500 

- 0.291 

- 37.56 

11.250 

- 0.826 

- 146.55 

15.000 

- 2.789 

- 256.52 

fcLK = 1MHz (Typical Unit) 

0.000 

- 0.162 

180.00 

5.000 

- 0.162 

70.89 

10.000 

- 0.307 

- 37.78 

15.000 

- 0.647 

- 146.67 

20.000 

- 2.201 

- 257.06 


Table 6. Passband Gain and Phase 
V s = Single 5V, Ratio = 100:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

1 CLK = 250kHz (Typical Unit) 

0.000 

- 0.283 

180.00 

0.625 

- 0.283 

71.35 

1.250 

- 0.799 

- 37.01 

1.875 

- 2.143 

- 143.96 

2.500 

- 5.271 

- 248.03 

f CLK = 500kHz (Typical Unit) 

0.000 

- 0.252 

180.00 

1.250 

- 0.252 

71.28 

2.500 

- 0.676 

- 37.16 

3.750 

- 1.917 

- 144.46 

5.000 

- 4.936 

- 249.40 

f CL K = 750kHz (Typical Unit) 

0.000 

- 0.231 

180.00 

1.875 

- 0.231 

70.94 

3.750 

- 0.603 

- 37.72 

5.625 

- 1.704 

- 145.55 

7.500 

- 4.535 

- 251.81 

f C LK = 1MHz (Typical Unit) 

0.000 

- 0.212 

180.00 

2.500 

- 0.212 

70.83 

5.000 

- 0.532 

- 38.11 

7.500 

- 1.497 

- 146.47 

10.000 

- 4.115 

- 253.92 
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Power Supply Pins (4, 12) 

The V + (pin 4) and the V” (pin 12) should each be 
bypassed with a 0.1 pF capacitor to an adequate analog 
ground. The filter’s power supplies should be isolated 
from other digital or high voltage analog supplies. A low 
noise linear supply is recommended. Using a switching 
power supply will lower the signal-to-noise ratio of the 
filter. The supply during power-up should have a slew rate 
less than IV/ps. When V + is applied before V” and V" is 
allowed to go above ground, a signal diode should clamp 
V“ to prevent latch-up. Figures 2 and 3 show typical 
connections for dual and single supply operation. 

Clock Input Pin (11) 

Any TTL or CMOS clock source with a square-wave output 
and 50% duty cycle (±10%) is an adequate clock source 


for the device. The power supply for the clock source 
should not be the filter’s power supply. The analog ground 
for the filter should be connected to clock’s ground at a 
single point only. Table 7 shows the clock’s low and high 
level threshold values for dual or single supply operation. 
A pulse generator can be used as a clock source provided 
the high level ON time is greaterthan 0.5ps. Sine waves are 
not recommended for clock input frequencies less than 
100kHz, since excessively slow clock rise or fall times 
generate internal clock jitter (maximum clock rise or fall 
time < Ips). The clock signal should be routed from the 
right side of the 1C package and perpendicularto it to avoid 
coupling to any input or output analog signal path. A Ik 
resistor between clock source and pin 11 will slow down 
the rise and fall times of the clock to further reduce charge 
coupling (Figures 2 and 3). 
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Table 7. Clock Source High and Low Threshold Levels 


LTCl 164-7 


POWER SUPPLY 

HIGH LEVEL 

LOW LEVEL 

Dual Supply = ±7.5V 

> 2.18V 

< 0.5V 

Dual Supply = ±5V 

> 1.45V 

< 0.5V 

Dual Supply = ±2.5V 

> 0.73V 

<-2.0V 

Single Supply = 12V 

> 7.80V 

<6.5V 

Single Supply = 5 V 

> 1.45V 

<0.5V 



Figure 2. Dual Supply Operation for an fcm/fcuTOFF = 50:1 



Figure 3. Single Supply Operation for an fcu</ ( cuTOFF = 50:1 


and 5 should be biased at 1/2 supply and should be 
bypassed to the analog ground plane with at least a IjjF 
capacitor (Figure 3). For single 5 V operation at the highest 
fci_K of 2MHz, pins 3 and 5 should be biased at 2 V. This 
minimizes passband gain and phase variations. 

Ratio Input Pin (10) 

The DC level at this pin determines the ratio of the clock 
frequency to the cutoff frequency of the filter. Pin 1 0 at V + 
gives a 50:1 ratio and pin 10 at V" gives a 100:1 ratio. For 
single supply operation the ratio is 50:1 when pin 10 is at 
V + and 1 00:1 when pin 1 0 is at ground. When pin 1 0 is not 
tied to ground, it should be bypassed to analog ground 
with a 0.1 |xF capacitor. If the DC level at pin 1 0 is switched 
mechanically or electrically at slew rates greater than 
1 V/ps while the device is operating, a 10k resistor should 
be connected between pin 10 and the DC source. 

Filter Input Pin (2) 

The input pin is connected internally through a 50k resis- 
tor tied to the inverting input of an op amp. 

Filter Output Pins (9, 6) 

Pin 9 is the specified output of the filter; it can typically 
source/sink 1 mA. Driving coaxial cables or resistive loads 
less than 20k will degrade the total harmonic distortion of 
the filter. When evaluating the device’s distortion an 
output buffer is required. A noninverting buffer, Figure 4, 
can be used provided that its input common-mode range 
is well within the filter’s output swing. Pin 6 is an interme- 
diate filter output providing an unspecified 6th order 
lowpass filter. Pin 6 should not be loaded. 


8 


Analog Ground Pins (3, 5) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane surrounding the pack- 
age is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pins 3 and 5 should be connected to the 
analog ground plane. For single supply operation, pins 3 



Figure 4. Buffer for Filter Output 
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External Connection Pins (7, 14) 

Pins 7 and 14 should be connected together. In a printed 
circuit board the connection should be done under the 1C 
package through a short trace surrounded by the analog 
ground plane. 


NC Pins (1,8,13) 

Pins 1, 8 and 13 are not connected to any internal circuit 
point on the device and should be preferably tied to analog 
ground. 


nppucnnons inFonmnnon 

Clock Feedthrough 

Clock feedthrough is defined as the RMS value of the clock 
frequency and its harmonics that are present at the filter’s 
output pin (9). The clock feedthrough is tested with the 
input pin (2) grounded and it depends on PC board layout 
and on the value of the power supplies. With proper layout 
techniques the values of the clock feedthrough are shown 
in Table 8. 


Table 8. Clock Feedthrough 


V S 

50:1 

100:1 

Single 5 V 

70fiV RM s 

70|iV RM s 

±5V 

IOOjjVrms 

200|iVrms 

±7.5V 

120jjVrms 

500(jVrms 


Note: The clock feedthrough at Single 5 V is imbedded in the 
wideband noise of the filter. The clock waveform is a square wave. 


Any parasitic switching transients during the rise and fall 
edges of the incoming clock are not part of the clock 
feedthrough specifications. Switching transients have fre- 
quency contents much higherthan the applied clock; their 
amplitude strongly depends on scope probing techniques 
as well as grounding and power supply bypassing. The 
clock feedthrough, if bothersome, can be greatly reduced 
by adding a simple R/C lowpass network at the output of 
the filter pin (9). This R/C will completely eliminate any 
switching transients. 

Wideband Noise 

The wideband noise of the filter is the total RMS value of 
the device’s noise spectral density and it is used to 
determine the operating signal-to-noise ratio. Most of its 
frequency contents lie within the filter’s passband and 
cannot be reduced with post filtering. For instance, the 


LTC1 164-7 wideband noise at±5V supply is 105|xVrms, 
95(oVrms of which have frequency contents from DC up to 
the filter’s cutoff frequency. The total wideband noise 
(M-Vrms) is nearly independent of the value of the clock. 
The clock feedthrough specifications are not part of the 
wideband noise. 

Speed Limitations 

The LT1 164-7 optimizes AC performance vs power con- 
sumption. To avoid op amp slew rate limiting at maximum 
clock frequencies, the signal amplitude should be kept 
below a specified level as shown in Table 9. 


Table 9. Maximum V !N vs Vs and Clock 


POWER SUPPLY 

MAXIMUM f CLK 

MAXIMUM V| N 

±7.5V 

1MHz 

2.0Vrms (f| N > 20kHz) 
0.7 Vr MS (f, N > 250kHz) 

±5V 

1MHz 

1.4Vr MS (f| N > 20kHz) 
0.5 V rms (f| N > 100kHz) 

Single 5 V 

1MHz 

0.5V rms (f| N > 100kHz) 


Table 10. Transient Response of LTC Lowpass Filters 



DELAY 

RISE 

SETTLING 

OVER- 


TIME* 

TIME** 

TIME*** 

SHOOT 

LOWPASS FILTER 

(SEC) 

(SEC) 

(SEC) 

(%) 

LTC1 064-3 Bessel 

0.50/fc 

0.34/fc 

0.80/fc 

0.5 

LTC1 164-5 Bessel 

0.43/fc 

0.34/f c 

0.85/fc 

0 

LTC1 164-6 Bessel 

0.43/fc 

0.34/fc 

1.15/fc 

1 

LTC1 264-7 Linear Phase 

1.15/fc 

0.36/fc 

2.05/fc 

5 

LTC1 164-7 Linear Phase 

1.20/fc 

0.39/fc 

2.20/fc 

5 

LTC1 064-7 Linear Phase 

1.20/fc 

0.39/fc 

2.20/fc 

5 

LTC1 164-5 Butterworth 

0.80/fc 

0.48/fc 

2.40/fc 

11 

LTC1 164-6 Elliptic 

0.85/fc 

0.54/fc 

4.30/fc 

18 

LTC1 064-4 Elliptic 

0.90/fc 

0.54/fc 

4.50/fc 

20 

LTC1 064-1 Elliptic 

0.85/fc 

0.54/fc 

6.50/fc 

20 


* To 50% ±5%, ** 10% to 90% ±5%, *** To 1% ±0.5% 
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Transient Response 


If, for instance, an LTC1 164-7 operating with a 100kHz 
clock and 1kHz cutoff frequency receives a 98kHz lOmV 
input signal, a 2kHz, 143pV RM s alias signal will appear at 
its output. When the LTC1 1 64-7 operates with a clock-to- 
cutoff frequency of 50:1 , aliasing occurs at twice the clock 
frequency. Table 11 shows details. 


Table 11. Aliasing Oclk = 100kHz ) 



INPUT FREQUENCY 

OUTPUT LEVEL 

OUTPUT FREQUENCY 

• |2SI (V| N = 1V RM s, 

(Relative to Input, 

(Aliased Frequency 

IlN = f CLK ± ^out) 

OdB = IVrms) 

fouT = ABS [fcLK ± *inD 

(kHz) 

(dB) 

(kHz) 


1001 ®™ 190 (or 210) 

-76.1 

10.0 

195 (or 205) 

-51.9 

5.0 

196 (or 204) 

-36.3 

4.0 

Figure 5. 197(or 203) 

-18.4 

3.0 

198 (or 202) 

-3.0 

2.0 

199.5 (or 200.5) 

-0.2 

0.5 



RISE TIME(t r ) = ,— — ±5% 
fCLJTOFF 


SETTLING TIME (t s ) = ±5% 

(TO 1% of OUTPUT) CUT0FF 


TIME DELAY (t d ) = GROUP DELAY = 
(TO 50% OF OUTPUT) 


fcUTOFF 


Figure 6. 


100:1, fcUTOFF = 1kHz 


97 (or 103) 

-74.2 

3.0 

97.5 (or 102.5) 

-53.2 

2.5 

98 (or 102) 

-36.9 

2.0 

98.5 (or 101 .5) 

-19.6 

1.5 

99 (or 101) 

-5.2 

1.0 

99.5 (or 100.5) 

-0.7 

0.5 



Aliasing 

Aliasing is an inherent phenomenon of sampled data 
systems and it occurs when input frequencies close to the 
sampling frequency are applied. For the LTC1 1 64-7 case 
at 1 00:1 , an input signal whose frequency is in the range 
of fcLK ±3%, will be aliased back into the filter’s passband. 


5pis/DIV "«- 7 F07 

V s = ±7.5V 
f CL K = 1MHz 
f c = 20kHz 
(fcLK/fc) = 50:1 


Figure 7. Eye Diagram 
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FCRTURCS 

■ High Speed, Up to 250kHz Center Frequency 

■ Four Identical Filters in a 0.3" Wide Package 

■ Clock-to-Center Frequency Ratio of 20:1 

■ Double-Sampling, Improved Aliasing 

■ Operates from ±2.37V to ±8V Power Supplies 

■ Customized Version with Internal Resistors Available 

■ Low Noise 

■ Low Harmonic Distortion 

flppucnnons 

■ Digital Communications 

■ Spread Spectrum Communications 

■ Spectral Analysis 

■ Loran Receivers 

■ Instrumentation 


High Speed, Quad Universal 
Filter Building Block 

DCSCRIPTIOR 

The LTC1264 consists of four identical, high speed 2nd 
order switched-capacitor filter building blocks designed 
for center frequencies up to 250kHz. Each building block, 
together with three to five resistors, can provide 2nd order 
functions like lowpass, highpass, bandpass and notch. 
Thecenterfrequency of each 2nd ordersection is tuned via 
an external clock. The clock-to-center frequency ratio is 
internally set to 20:1, but it can be modified via external 
resistors. 

The aliasing performance of the LTC1264 is improved by 
double-sampling each 2nd order section. Input signal 
frequencies can reach up to twice the clock frequency 
before any alias products will be detectable. 

For Q < 5 and for Ta < 85°C, the maximum center 
frequency is 160kHz. For Q < 2, the maximum center 
frequency is 250kHz. Up to 8th order filters can be realized 
by cascading all four 2nd order sections. 

A customized monolithic version of the LTC1264 includ- 
ing internal thin film resistors can be obtained. 


TVPICRl RPPUCRTIOR 

Clock-Tunable 8th Order Bandpass Filter, Center = *clk/20 



Gain vs Frequency 

100kHz Bandpass, L 3i ib Bandwidth = f center/1 0 



-80 1 1/ 1 1 1 1 1 -11.1 i i Mim j 

10k 100k 1M 

FREQUENCY (Hz) 
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LTC1264 


absolute mnximum ratiags 

Total Supply Voltage (V + to V~) 16V 

Input Voltage (Note 2) (V + + 0.3V) to (V- 0.3V) 

Output Short-Circuit Duration Indefinite 

Power Dissipation 400mW 

Burn-In Voltage 16V 

Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R mFORRlRTIOn 



TOP VIEW 


ORDER PART 

INVB \T 
HPB/NB \Y 

O 

24] INVC 

23] HPC/NC 

NUMBER 



BPB [T 
LPB [T 


m bpc 
m lpc 

LTC1264CN 

SB [T 


13 sc 

LTC1264CS 

AGND |T 


T9] V" 


v*d 


j3 CLK 


SA |T 


33 SD 


LPA [9] 


33 LPD 


BPA 00 


33 BPD 


HPA 07 


33 HPD 


INVA 02 


33 INV D 


N PACKAGE S PACKAGE 


24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 


Tjmax = 

10°C, 0 JA = 65°C/W (N) 


Tjmax = 

1O°C,0j A = 85 o C/W(S) 



Consult factory for Industrial and Military grade parts. 


€l€CTRICfll CHARACTERISTICS 


(Internal Op Amps) Ta = 25°C, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Operating Supply Range 



±2.375 ±8 

V 

Voltage Swings 

V s = ±2.375V, R l = 5k 


±1.5 

V 


V s = ±5V, R l = 5k 


±3.2 ±3.7 

V 



• 

±3.1 

V 


V s = ±7.5, R l = 5k 


±6 

V 

Output Short-Circuit Current (Source/Sink) 



3 

mA 

DC Open-Loop Gain 



80 

dB 

GBW Product 



7 

MHz 

Slew Rate 



10 

V/|os 

(Complete Filter) V s = ±5V, I C lk = 1 MHz, all sides mode 1 , fo = 50kHz, Q = 5, T A = 25°C 

, unless otherwise noted. 


PARAMETER 

| CONDITIONS 

MIN TYP MAX 

UNITS 

Center Frequency Range, fo (Note 1) 

V s = ±7.5V, T a < 85°C, Q < 2 


0.1 -250 

kHz 


V s = ±5V, T a < 85°C, Q < 2 


0.1 -200 

kHz 


V s = ±2.5V, T a < 85°C, Q < 2 


0.1-100 

kHz 

Clock-to-Center Frequency Ratio, fcLK^o 



20:1 


Center Frequency Error (Note 3) 

V S = ±7.5V 


±0.1 ±0.7 

% 



• 

±0.8 

% 


V s = ±5V 


±0.2 ±0.8 

% 



• 

±1.0 

% 


V s = ±2.375V 


-1.6 

% 

Clock-to-Center Frequency Ratio, 

V s > ±5V 


0.4 0.8 

% 

Side-to-Side Matching 


• 

1.0 

% 

Q Accuracy 

V s = ±5V 


-2.7 

% 



• 

7.0 

% 

fo Temperature Coefficient 

fcLK < 2MHz 


±1 

ppm/°C 

Q Temperature Coefficient 

feLK < 2MHz 


5 

ppm/°C 
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ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vs = ±5V, I C lk = 1MHz, all sides mode 1 , f o = 50kHz, Q = 5, T A = 25 C, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

DC Offset Voltage (Note 2) 

Vosi (DC Offset of Input Inverter) 

• 

±20 

mV 


Vos 2 (DC Offset of First Integrator) 

• 

±45 

mV 


Vos 3 (DC Offset of Second Integrator) 

• 

±45 

mV 

Clock Feedthrough 

Vs = ±7.5V (fpLK is a Square Wave) 


160 

HVrmS 


Vs = ±5V (fpi_K is a Square Wave) 


120 

mVrms 


Vs = ±2. 375V (fpLK is a Square Wave) 


90 

MVrMS 

Maximum Clock Frequency 

V s = ±7.5V, T a = 25°C 


6 

MHz 

Power Supply Current 

V s = ±5V 


9 14 25 

mA 



• 

30 

mA 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Please refer to Typical Maximum Q vs Clock Frequency graphs. 
Note 2: Calculations of output DC offsets of one 2nd order section. Also 
see Block Diagram. 


MODE 

VoSN 

PINS 2, 11, 14, 23 

VOSBP 

PINS 3, 10, 15, 22 

VOSLP 

PINS 4, 9,16, 21 

1 

Vosi [(1 Q) + 1 IIHolp ||] - Vos 3 /Q 

VOS3 

VoSN " VoS2 

1b 

Vosi[( 1/Q) + 1 + R2/R1] - Voss/Q 

V OS3 

-(V OS n-Vos2)(1 + R5/R6) 

2 

[Vosi(1 + R2/R1 + R2/R3 + R2/R4) - V OS 3(R2/R3)] 
x [R4/(R2 + R4)] + V 0 s2[R2/(R2 + R4)] 

VOS3 

VoSN~VoS2 

3 

V OS2 

V OS3 

Vosi [1 + R4/R1 + R4/R2 + R4/R3] - V 0S2 (R4/R2) 
-V 0S3 (R4/R3) 


Note 3: The center frequency fo, error is calculated as 
fp(measured) - fp(ideal) x 
fo (ideal) 


TYPICAL PERFORAIAACE CHARACTERISTICS 


Typical Maximum Q 



°1 .5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 


Typical Maximum Q 



1.0 1.5 2.0 2.5 3.0 3.5 4.0 


CLOCK FREQUENCY (MHz) 


CLOCK FREQUENCY (MHz) 


1264 G01 


1264 G02 


Typical Maximum Q 



CLOCK FREQUENCY (MHz) 
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pin Funcuons 

Power Supply Pins (7, 19) 

The V + (pin 7) and the V - (pin 19) should each be 
bypassed with a O.lpF capacitor to an adequate analog 
ground. The filter’s power supplies should be isolated 
from other digital or high voltage analog supplies. A low 
noise linear supply is recommended. Using a switching 
power supply will lower the signal-to-noise ratio of the 
filter. The supply during power-up should have a slew rate 
less than IV/ps. When V + is applied before V" and V' is 
allowed to go above ground, a diode should clamp V' to 
prevent latch-up. Figures 1 and 2 show typical connec- 
tions for dual and single supply operation. 



* OPTIONAL, 1N414S, 1N5819 


Figure 1. Dual Supply Ground Plane Connections 


Analog Ground Pin (6) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane surrounding the pack- 
age is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pin 6 should be connected to the analog 
ground plane. For single supply operation, pin 6 should be 
biased at 1 /2 supply and should be bypassed to the analog 
ground plane with at least a IpF capacitor (Figure 2). For 
single 5 V operation and fcLK greater than 1 MHz, pin 6 
should be biased at 2 V. This minimizes passband gain and 
phase variations. 



* FOR MODE 3, THE S NODE PINS 5, 8, 
17, 20 SHOULD BE TIED TO PIN 6. 


Figure 2. Single Supply Ground Plane Connections 
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Clock Input Pin (18) 

Any TTL or CMOS clock source with a square-wave output 
and 50% duty cycle (±10%) is an adequate clock source 
for the device. The power supply for the clock source 
should not be the filter’s power supply. The analog ground 
for the filter should be connected to clock’s ground at a 
single point only. Table 1 shows the clock’s low and high 
level threshold values for a dual or single supply operation. 


Table 1 . Clock Source High and Low Threshold Levels 


POWER SUPPLY 

HIGH LEVEL 

LOW LEVEL 

Dual Supply = ±7.5V 

>2. 18V 

< 0.5V 

Dual Supply = ±5V 

> 1.45V 

<0.5V 

Dual Supply = ±2.5V 

> 0.73V 

<-2.0V 

Single Supply = 12V 

> 7.80V 

< 6.5V 

Single Supply = 5 V 

> 1.45V 

<0.5V 


A pulse generator can be used as a clock source provided 
the high level ON-time is greater than 0.2ps. Sine waves 
are not recommended for clock input frequencies less 
than 1 00kHz, since excessively slow clock rise orfall times 
generate internal clock jitter (maximum clock rise or fall 
time < Ips). The clock signal should be routed from the 
right side of the 1C package and perpendicular to it to avoid 
coupling to any input or output analog signal path. A 200Q 
resistor between clock source and pin 1 1 will slow down 
the rise and fall times of the clock to further reduce charge 
coupling (Figures 1 and 2). 


Output Pins (2,3,4,9,10,11,14,15,16,21,22,23) 

Each 2nd order section of the LTC1 264 has three outputs 
which typically source 3mA and sink 1 mA. Driving coaxial 
cables or resistive loads less than 20k will degrade the 
total harmonic distortion performance of any filter design. 
When evaluating the distortion or noise performance of a 
particular filter design implemented with an LTC1 264, the 
final output of thefiltershould be buffered with a wideband 
noninverting high slew rate amplifier (Figure 3). 



Inverting Input Pins (1,12,13,24) 

These pins are the high impedance inverting inputs of 
internal op amps and they are susceptible to stray capaci- 
tive connections to low impedance signal outputs and 
power supply lines. 

Summing Input Pins (5,8,17,20) 

The summing pins connections determine the circuit 
topology (mode) of each 2nd order section. Please referto 
Modes of Operation. 


mOD€S OF OPERRTIOfl 

For the definition of filter functions please refer to the 
LTC1 060 data sheet. 

Mode 1 

In Mode 1 , the ratio of the external clock frequency to the 
center frequency of each 2nd order section is internally 
fixed at 20:1. Figure 4 illustrates Mode 1 providing 2nd 
order notch, lowpass, and bandpass outputs. Mode 1 can 
be used to make high order Butterworth lowpass filters; it 
can also be used to make low Q notches and for cascading 
2nd order bandpass functions tuned at the same center 
frequency. Mode 1 is faster than Mode 3. 


Please refer to the Maximum Frequency of Operation 
paragraph under Applications Information for a guide to 
the use of capacitor Cq. 

Mode 1b 

Mode 1 b is derived from Mode 1 . In Mode 1 b (Figure 5) two 
additional resistors R5 and R6 are added to alternate the 
amount of voltage fed back from the lowpass output into 
the input of the SA (SB, SC or SD) switched-capacitor 
summer. This allows the filter’s clock-to-center frequency 
ratio to be adjusted beyond 20:1. Mode 1b maintains the 
speed advantages of Mode 1 and should be considered an 
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optimum mode for high Q designs with Iqlk to ^cutoff (or 
Center) ratios greater than 20:1 . 

Please refer to the Maximum Frequency of Operation 
paragraph under Applications Information for a guide to 
the use of capacitor Co- 



Figure 4. Mode 1, 2nd Order Filter Providing Notch, 
Bandpass and Lowpass Outputs 


Cc 



Figure 5. Mode 1b, 2nd Order Filter Providing Notch, 
Bandpass and Lowpass Outputs 


Mode 3 

In Mode 3, the ratio of the external clock frequency to the 
center frequency of each 2nd order section can be ad- 
justed above or below 20:1 . Figure 6 illustrates Mode 3, the 
classical state variable configuration, providing highpass, 
bandpass, and lowpass 2nd order filter functions. Mode 3 
is slower than Mode 1 . Mode 3 can be used to make high 
order all-pole bandpass, lowpass, and highpass filters. 

Please refer to the Maximum Frequency of Operation 
paragraph under Applications Information for a guide to 
the use of capacitor Cc- 

Mode 2 

Mode 2 is a combination of Mode 1 and Mode 3, shown in 
Figu re 7. With Mode 2, the clock-to-center frequency ratio, 
fcL«/fo> is always less than 20:1. The advantage of Mode 
2 is that it provides less sensitivity to resistor tolerances 
than does Mode 3. As in Mode 1, Mode 2 has a notch 
output which depends on the clock frequency, and the 
notch frequency is therefore less than the center fre- 
quency, fo. 

Please refer to the Maximum Frequency of Operation 
paragraph under Applications Information for a guide to 
the use of capacitor Cc- 


C C 



Figure 6. Mode 3, 2nd Order Section Providing 
Highpass, Bandpass and Lowpass Outputs 
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Figure 7. Mode 2, 2nd Order Filter Providing 
Highpass Notch, Bandpass and Lowpass Outputs 


Mode 3a 

This is an extension of Mode 3 where the highpass and 
lowpass output are summed through two external resis- 


tors Rh and R^o create a notch. This is shown in Figure 
8. Mode 3a is more versatile than Mode 2 because the 
notch frequency can be higher or lower than the center 
frequency of the 2nd order section. The external op amp 
of Figure 8 is not always required. When cascading the 
sections of the LTC1264, the highpass and lowpass 
outputs can be summed directly into the inverting input of 
the next section. 

Please refer to the Maximum Frequency of Operation 
paragraph under Applications Information for a guide to 
the use of capacitor Cp. 

Mode 2n 

This mode extends the circuit topology of Mode 3a to 
Mode 2 (Figure 9) where the highpass notch and lowpass 
outputs are summed through two external resistors Rh 
and R|_ to create a lowpass output with a notch higher in 
frequency than the notch in Mode 2. This mode, shown in 
Figure 8, is most useful in lowpass elliptic designs. When 
cascading the sections of the LTC1264, the highpass 
notch and lowpass outputs can be summed directly into 
the inverting input of the next section. 

Please refer to the Maximum Frequency of Operation 
paragraph under Applications Information for a guide to 
the use of capacitor Cp. 


Cc 



Figure 8. Mode 3a, 2nd Order Filter Providing a Highpass Notch or Lowpass Notch Output 
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□ V*(7) 

□ CLK(18) 

□ V- (19) 
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Operating Limits 

The Typical Maximum Q vs Clock Frequency and Bandpass 
Gain Error graphs, under Typical Performance Character- 
istics, define an upper limit of operating Q for each 
LTC1264 2nd order section. These graphs indicate the 
power supply, fax and Q value conditions under which a 
filter implemented with an LTC1264 will remain stable 
when operated at temperatures of 85°C or less. For a 2nd 
order section, a bandpass gain error of 3dB or less is 
arbitrarily defined as a condition for stability. 

When the passband gain error begins to exceed 1 dB, the 
use of capacitor Cc will reduce the gain error (capacitor Cc 
is connected from the lowpass node to the inverting node 
of a 2nd order section). Please refer to Figures 4 through 
9. The value of Cc can be best determined experimentally, 
and as a guide it should be about 5pF for each 1 dB of gain 
error and not to exceed 15pF. When operating LTC1264 
very near the limits defined by the Typical Performance 
Characteristics graphs, passband gain variations of 2dB 
or more should be expected. 

Speed Limitations 

To avoid op amp slew rate limiting, the signal amplitude 
should be kept below a specified level as shown in Table 2. 


Table 2. Maximum vs V$ and Clock 


V S 

MAXIMUM CLOCK 

MAXIMUM V| N 

±7.5 V 

4MHz to 5MHz 

0.5V RMS f,N> 400kHz 

±5V 

3MHz to 4MHz 

0.5V RMS f| N > 250kHz 

Single 5V 

1MHz to 2MHz 

0.35V RMS f|N^ 160kHz 


Clock Feedthrough 

Clockfeedthrough is defined as the RMS value of the clock 
frequency and its harmonics that are present at the filter’s 
output pins. The clock feedthrough is tested with the 
filter’s input grounded and it depends on PC board layout 
and on the value of the power supplies. With proper layout 
techniques, the typical values of clock feedthrough are 
listed under Electrical Characteristics. 

Any parasitic switching transients during the rise and fall 
edges of the incoming clock are not part of the clock 


feedthrough specifications. Switching transients have fre- 
quency contents much higherthan the applied clock; their 
amplitude strongly depends on scope probing techniques 
as well as grounding and power supply bypassing. The 
clockfeedthrough, if bothersome, can be greatly reduced 
by adding a simple RC lowpass network at the final filter 
output. This RC will completely eliminate any switching 
transients. 

Wideband Noise 

The wideband noise of the filter is the total RMS value of 
the device’s noise spectral density and it is used to 
determine the operating signal-to-noise ratio. Most of its 
frequency contents lie within the filter passband and it 
cannot be reduced with post filtering. 

The total wideband noise (hVrms) is nearly independent of 
the value of the clock. The clock feedthrough specifica- 
tions are not part of the wideband noise. 

For a specific filter design, the total noise depends on the 
Q of each section and the cascade sequence. Table 3 
shows typical 2nd order section noise (gain = 1) for Q 
values and supplies operating at 25°C. Noise increases by 
20% at the highest operating temperatures. 


Table 3. 2nd Order Section Noise (m^rms) for Modes 1, 1b, 
2 or 3 (R2 = R4) 


Q 

V s = ±2.5V 

V S = ±5V 

V s = ±7.5V 

1 

40mV RM s 

50 

60 

2 

50|oV RM s 

60 

75 

3 

60jjV R ms 

75 

95 

4 

75|iVrms 

90 

115 

5 

90mVrms 

110 

135 


Aliasing 

Aliasing is an inherent phenomenon of switched-capacitor 
filters and it occurs when the frequency of input signals 
approaches the sampling frequency. The input signals 
that produce the strongest aliased components have a 
frequency, % such as ^sampling - fiN) falls into the 
filter’s passband. For the LTC1264 the sampling fre- 
quency is twice fcLK- If the input signal spectrum is not 
band-limited, aliasing may occur. 
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For example, for an LTC1264 bandpass filter with Center 
= 100kHz and fax = 2MHz, a 3.9MHz, lOmV input will 
produce a 100kHz, lOmV output. A 1st or 2nd order 
prefilter will reduce aliasing to acceptable levels in most 
cases. 


A GUIDE TO BANDPASS DESIGN 

Filter design tools like FCAD require design specification 
inputs such as passband ripple, attenuation, passband 
width and stopband width in order to calculate filter 
parameters fo, Q, f n or poles and zeroes. The results of 
these filter approximations most often require Q values 
which make excessive demands on the gain-bandwidth 
products of active filter realizations. The active filter de- 
signer should define a gain response so that the filter’s 
mathematical approximation has practical requirements. 
Table 4 is a guide to practical design specifications for 
realizing bandpass filters with LTC1 264 (please also refer 
to the Typical Maximum Q vs Clock Frequency and 
Bandpass Gain Error graphs under Typical Performance 
Characteristics). 


A Bandpass Design Example 


Filter Type: 

Filter Response: 
Passband Ripple: 
Attenuation: 
Center Frequency: 
Passband Width: 
Stopband Width: 


Bandpass 

Butterworth 

3dB 

60dB 

40kHz (fcENTER) 

10kHz 

60kHz 


Implementing the Bandpass Design 

With the LTC1 264 in Mode 1 b, Butterworth and Chebyshev 
bandpass designs with fcLK to Center ratios greater than 
20:1 are possible. 

First choose the clock frequency which in Mode 1b must 
begreaterthan 20 times the bandpass centerfrequency of 
40kHz. For this example, let’s choose fcLK to be 1MHz. 
Table 6 lists the resistors for for the bandpass design 
example and Figure 11 shows the complete circuit. 


Table 4. Bandpass Design Specifications (fcENTER is center 
frequency of passband.) 


PASSBAND 

PASSBAND 

STOPBAND 

ATTENU- 

RIPPLE 

WIDTH 

WIDTH 

ATION 

m 

(Hz) 

(Hz) 

(dB) 

< 3dB for Butterworth 

^ fCENTER/20 

> 5 x Passband 

-40 to -60 

<0.1 for Chebyshev 

^ fCENTER/20 

>5 x Passband 

-40 to -60 


Note: Reducing passband ripple or attenuation will decrease Q values. The 
filter order may also increase. 


Table 5. Calculated Filter Parameters 


STAGE 

fo 

Q 

1 

38.1201kHz 

4.3346 

2 

41.9726kHz 

4.3346 

3 

35.6418kHz 

10.5221 

4 

44.8911kHz 

10.5221 


Table 6. Calculated Mode 1b Resistors to Nearest 1% Value 
Using Table 5 Filter Parameters and Figure 10 Equations 


STAGE 

R1 

R2 

R3 

R5 

R6 

1 

52.3k 

10k 

56.2k 

5k 

6.98k 

2 

47.5k 

10k 

51.1k 

5k 

11.8k 

3 

56.2k 

10k 

147k 

5k 

5.11k 

4 

44.2k 

10k 

118k 

5k 

20.5k 


R2 = 1 0k 
R5 = 5k 
t. _ f CLK 


fi = 


20 


R1 = (FOR BANDPASS) 
h 0 bp 

R R5-f 0 2 

R6 '(TM?) 




* 


Figure 10. Equations for Resistors in Mode 1b Operation 
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R1 



Figure 11. Mode 1b Bandpass Filter 

Figures 12 and 13 show the gain response graphs of the 
40kHz Butterworth bandpass design described above. The 
passband gain response graph (Figure 1 2) shows a 40kHz 
gain of— 0.4dB and atilted passband from 37kHzto 43kHz. 
These errors are due to the 1 % resistors used and the side- 
to-side matching of the LTC1264 fcucto-fcENTER ratio 
which typically is 0.4%. To adjust for OdB gain at 40kHz, 
reduce the value of R1 in the first stage by 5%. To adjust 
for a flat passband, adjust by ±1% the value of R6 in stages 
3 and 4. Adjusting R6 compensates for the side-to-side 
matching errors. Please refer to Figure 5 equations defin- 
ing fo and Q as a function of R6. 

The sequence of 2nd order stages and the bandpass gain 
Hobp of each stage will determine the gain peaks at the 
filter’s intermediate outputs. A given internal output can 
have several dB more gain than the final filter output. Gain 
peaks occur around the corners of the passband. The gain 
peaks can be reduced by increasing the R1 resistor of the 


first stage and decreasing the R1 resistor of the last stage 
by the same amount (multiplying the R1 resistor of the 
first stage and dividing the R1 resistor of the last stage by 
2 for narrowband filter, and by 5 for wideband filter is a 
good rule of thumb). This adjustment may, however, 
increase the filter’s passband noise. 



Figure 12. Passband Gain vs Frequency 
40kHz Butterworth Bandpass 



_g0 I I I I 1 I I I I I 1 

10 18 26 34 42 50 58 66 74 82 90 

FREQUENCY (kHz) 


1264 FI 3 

Figure 13. Gain vs Frequency 
40kHz Butterworth Bandpass 
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TYPICAL APPLICATIOnS 


100kHz, 8th Order Notch Filter, Iclk/^center = 20:1 


Gain vs Frequency 


R1 



1264TA06a 


Clock-Tunable, 8th Order Elliptic Lowpass Filter, Iclk/^cutoff = 20:1 


Gain vs Frequency 
















LTC1264 








LTC1 264-7 


rrunwi 

TECHNOLOGY 


F€RTUR€S 

■ Steeper Roll-Off Than Bessel Filters 

■ High Speed: fc < 200kHz 

■ Phase Equalized Filter in a 14-Pin Package 

■ Phase and Group Delay Response Fully Tested 

■ Transient Response Exhibits 5% Overshoot and 
No Ringing 

■ 65dB THD or Better Throughout a 1 00kHz Passband 

■ No External Components Needed 


APPLICATION 

■ Data Communication Filters 

■ Time Delay Networks 

■ Phase Matched Filters 


Linear Phase, Group Delay 
Equalized, 8th Order 
Lowpass Filter 

DCSCRIPTIOR 

The LTC1 264-7 is a clock-tunable monolithic 8th order 
lowpass filter with linear passband phase and flat group 
delay. The amplitude response approximates a maximally 
flat passband and exhibits steeper roll-off than an equiva- 
lent 8th order Bessel filter. For instance, at twice the cutoff 
frequency the filter attains 28dB attenuation (vs 1 2dB for 
Bessel), while at three times the cutoff frequency the filter 
attains 55dB attenuation (vs 30dB for Bessel). The cutoff 
frequency of the LTC1 264-7 is tuned via an external TTL or 
CMOS clock. 

The clock-to-cutoff frequency ratio of the LTC1 264-7 can 
be set to 25:1 (pin 10 to V + ) or 50:1 (pin 10 to V“). 

When the filter operates at clock-to-cutoff frequency 
ratio of 25:1 , the input is double-sampled to lowerthe risk 
of aliasing. 

The LTC1 264-7 is optimized for speed. Depending on the 
operating conditions, cutoff frequencies between 200kHz 
and 250kHz can be obtained. (Please referto the Passband 
vs Clock Frequency graphs.) 

The LTC1 264-7 is pin-compatible with the LTC1064-X 
series. 


TVPICfll APPLICATIOR 


4-Level PAM Eye Diagram 


200kHz Linear Phase Lowpass Filter 



O.ljuF CAPACITOR CLOSE TO THE PACKAGE AND ANY PRINTED 
CIRCUIT BOARD ASSEMBLY SHOULD MAINTAIN A DISTANCE 
OF AT LEAST 0.2 INCHES BETWEEN ANY OUTPUT OR INPUT 
PIN AND THE f CLK LINE. 



500ns/DIV 

f C LK = 5MHz 
f c = 200kHz 
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ABsoiuTc mnximum nnnnGs (Note 1 ) 

Operating Temperature Range 

LTC1264-7C -40°Cto85°C 

LTC1264-7M -55°Cto125°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€fi inFORfTlflTIOn 


Total Supply Voltage (V + to V") 16V 

Power Dissipation 400mW 

Burn-In Voltage 16.5V 

Voltage at Any Input (V- - 0.3V) < V, N < (V + + 0.3V) 

Storage Temperature Range -65°C to 150°C 



TOP VIEW 


ORDER PART 

NC |T 


iU OUT (C) 

NUMBER 

VlN K 


13] NC 


GND [T 


iT) V~ 


V + [7 


iTj fci k 

LTC1264-7CN 

NC [T 


in 25/50 

LTC1264-7CJ 

LP (A) |T 


H VoUT 

LTC1264-7MJ 

Rum (A) E 


¥] NC 


J PACKAGE N PACKAGE 


[-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 


Tjmax = 

150 o C,e JA = 65°C/W (J) 


Tjmax = 

1 1 0°C, 0 JA = 65°C/W (N ) 





TOP VIEW 


ORDER PART 

NC E 



in OUT (C) 

NUMBER 

VinU 



i|] NC 


GND E 



in v~ 


V + |T 



in nc 

LTC1264-7CS 

NC E 



Si] fcLK 


NC E 



TT] 25/50 


LP (A) E 



in nc 


Rim (A) E 



El Vout 




S PACKAGE 



16-LEAD PLASTIC SOL | 


Tjmax 

= 110 o C > e J A = 85 o C/W 



Consult factory for Industrial grade parts. 


€l€CTMCfll CHARACTERISTICS 

Vs = +7.5V, Rl = 10k, Ta = 25°C, fcuTOFF = 100kHz or 50kHz, fcuc = 2.5MHz, TTL or CMOS level (maximum clock rise or fall 
time < lus) and all gain measurements are referenced to passband gain, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband Gain 

0.1 Hz < f <0.25 fcuTOFF 







fTEST = 25kHz, (f CLK /fc) = 25:1 

• 

-0.50 

-0.10 

0.50 

dB 

Gain at 0.50 fcuTOFF (Note 3) 

fTEST = 50kHz, (fcLK/fc) = 25:1 

• 

-0.50 


0.20 

dB 


fTEST = 25kHz, (f CLK /fc) = 50:1 

• 

-0.65 

-0.15 

0.30 

dB 

Gain at 0.75 fcuTOFF 

f TES T = 75kHz, (fcLK/fc) = 25:1 

• 

-1.5 

-1.0 

0.1 

dB 

Gain at fcuTOFF 

fTEST = 100kHz, (fcLK/fc) = 25:1 

• 

-3.7 

-3.0 

-1.9 

dB 


fTEST = 50kHz, (fcLK/fc) = 50:1 

• 

-4.5 

-3.0 

-2.3 

dB 

Gain at 2.0 fcuTOFF 

fTEST = 200kHz, (fcLK/fc) = 25:1 

• 

-34 

-28 

-20 

dB 


fTEST = 100kHz, (fcLK/fc) = 50:1 

• 

-34 

-30 

-27 

dB 

Gain with fcLK = 20kHz 

fTEST = 200Hz, (fcLK/fc) = 50:1 


-0.7 

-0.3 

0.1 

dB 

Gain with f CL K = 400kHz, V s = ±2.375V 

fTEST = 8kHz, (fcLK/fc) = 25:1 


-0.2 

0.15 

0.5 

dB 


fTEST = 16kHz, (fcLK/fc) = 25:1 


-3.5 

-2.70 

-1.4 

dB 

Gain with fcLK = 4MHz 

fTEST = 160kHz, V| N = 1Vrms 







(fcLK/fc) = 25:1, T a = 0°C to 70°C 



O.OOil.O 


dB 


(fcLK/fc) = 25:1 

• 



3.0 

dB 

Phase Factor (F) 

(fCLK/fc) = 25:1, f< fcuTOFF 



407 ±2 


Deg 

Phase = 1 80° -F(f/f c ) 

(fCLK/fc) = 50:1, f< fcuTOFF 



388 ±2 


Deg 

(Note 1) 

(fcLK/fc) = 25:1, f< fcuTOFF 

• 

392 


423 

Deg 


(fCLK/fc) = 50:1, f < fcuTOFF 

• 

374 


414 

Deg 

Phase Nonlinearity 

(fcLK/fc) = 25:1, f< fcuTOFF 



±1.0 


% 

(Note 1 ) 

(fCLK/fc) = 50:1, f< fcuTOFF 



±1.0 


% 


(fCLK/fc) = 25:1, f< fcuTOFF 

• 



±2.0 

% 


(fcLK/fc) = 50:1, f< fcuTOFF 

• 



±2.0 

% 
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€l€CTRICRl CHARACTERISTICS 


Vs = ±7.5V, Rl = 10k, Ta = 25°C, fcuTOFF = 100kHz or 50kHz, f CL K = 2.5MHz, TTL or CMOS level (maximum clock rise or fall 
time < 1 |us) and all gain measurements are referenced to passband gain, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Group Delay (t d ) 

(fCLK/fc) = 25:1, f< fcuTOFF 



11.3 


ps 

t d = (F/360)(1/f c ); 

(fcL«/fc) = 50:1, f< fcuTOFF 



21.6 


ps 

(Note 2, 3) 

(^clk/^c) = 25:1 , f < fcuTOFF 

• 

10.9 


11.7 

ps 


(feLK/fc) = 50:1, f< fcuTOFF 

• 

20.8 


22.9 

ps 

Group Delay Ripple 

(fCLk/^c) = 25:1, f < fcUTOFF 



±1.0 


% 

(Note 2) 

(fcLk/fc) = 50:1, f< fcuTOFF 



±1.0 


% 


(f CLk/ fc) = 25:1 , f < fcuTOFF 

• 



±2.0 

% 


(^CLk/fc) = 50:1, f < fcuTOFF 

• 



±2.0 

% 

Input Frequency Range 

(fcLK/fc) = 25:1 



< f CLK 


kHz 

(Table 9, 10) 

(fcLK/fc) = 50:1 



<fCL«/2 


kHz 

Maximum fcLK 

V s = Single 5 V (GND = 2V) 



2 


MHz 


V s = ±5V 



3 


MHz 


V s = ±7.5V 



5 


MHz 

Clock Feedthrough 

25:1, ±7.5V, f = f CL K 


1 120 

pVrms 

Wideband Noise 

V s = Single 5V 



140 ±5% 


MVrmS 

(1 Hz < f < f CLK ) 

V s = ±5V 



160 ±5% 


^Vrms 


V S = ±7.5V 



175 ±5% 


^VrmS 

Input Impedance 



30 

50 

75 

kQ 

Output DC Voltage Swing 

V s = ±2.375V 



±1.0 


V 

(Note 4) 

V s = ±5V 

• 

±2.0 

±2.3 


V 


V S = ±7.5V 

• 

±3.0 

±3.8 


V 

Output DC Offset 

25:1, V s = ±5V 



±100 

±220 

mV 

(f C LK = 1MHz) 

50:1, V s = ±5V 



±100 

±220 

mV 

Output DC Offset TempCo 

25:1, V s = ±5V 



±200 


mv/°c 


50:1, V s = ±5V 



±200 


mV/°c 

Power Supply Current 

V s = ±2.375V 



11 

22 

mA 

(f CLK = 1MHz) 


• 



22 

mA 


V s = ±5V 



14 

25 

mA 



• 



30 

mA 


V s = ±7.5V 



17 

30 

mA 



• 



35 

mA 

Power Supply Range 



±2.375 


±8 

V 


The • denotes specifications which apply over the full operating temperature range. 

Note 1: Input frequencies, f, are linearly phase shifted through the filter as long as f < fo 
fc = cutoff frequency. 

Figure 1 curve (A) shows the typical phase response of an LTC1 264-7 operating at 
fc[_K = 2.5MHz, fc = 100kHz. An endpoint straight line, curve (B), depicts the ideal linear 
phase response of the filter. It is described by: phase shift = 180° - F(f/fc); f < fc- 
F is arbitrarily called the “phase factor” expressed in degrees. The phase factor together 
with the specified deviation from the ideal straight line allows the calculation of the phase 
at a given frequency. Note, the maximum phase nonlinearity, Figure 1, occurs at the vicinity 
of f = 0.25 fc and = 0.75 fc- Example: The phase shift at 70kHz of the LTC1 264-7 shown in 
Figure 1 is: phase shift = 180°- 407° (70kHz/1 00kHz) ± nonlinearity 
104.9° ±1% or -104.9° ±1.05°. 

Note 2: Group delay and group delay deviation are calculated from the measured phase 
factor and phase deviation specifications. 

Note 3: The filter cutoff frequency is abbreviated as fcuTOFF or fc- 

Note 4: The AC swing is typically 9Vp. P , 5.6Vp. P , 1 .8V P . P with ±7.5 V, ±5V, ±2.5V supply 

respectively. For more information refer to the THD + Noise vs Input graphs. 



0 10 20 30 40 50 60 70 80 90 100 
FREQUENCY (kHz) 

LTC1 264-7 F01 

Figure 1. Phase Response in the Passband (Note 1) 
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THD + Noise vs input 


Phase Matching vs Frequency 


Power Supply Current vs Power 
Supply Voltage 





50m 0.1 

1 

o 1 1 

0 0.2 

0.4 0.6 0.8 1.0 

0 2 4 6 8 

10 12 14 16 18 20 22 24 

INPUT AMPLITUDE (V RMS ) 

FREQUENCY (f CU TOFF/FREQUENCY) 

TOTAL POWER SUPPLY VOLTAGE (V) 


1264-7 G26 


1264-7 G27 


1264-7 G28 

Table 1. Passband Gain and Phase 


Table 2. Passband Gain and Phase 


V S = ±7.5V, (f CLK /fc) = 25:1,TA = 25 0 C 


V s = ± 7.5V, (fcLK/W = 50:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fcLK = 1MHz (Typical Unit) 



f CL K = 1MHz (Typical Unit) 



0.000 

0.064 

180.00 

0.000 

- 0.048 

180.00 

10.000 

0.064 

81.14 

5.000 

- 0.048 

84.51 

20.000 

0.058 

- 19.18 

10.000 

- 0.351 

- 10.87 

30.000 

- 0.639 

- 120.63 

15.000 

- 1.253 

- 105.53 

40.000 

- 2.741 

- 221.78 

20.000 

- 3.348 

- 199.61 

f CLK = 2MHz (Typical Unit) 



fcLK = 2MHz (Typical Unit) 



0.000 

- 0.006 

180.00 

0.000 

- 0.008 

180.00 

20.000 

- 0.006 

79.42 

10.000 

- 0.008 

83.39 

40.000 

- 0.164 

- 22.13 

20.000 

- 0.237 

- 13.09 

60.000 

- 0.958 

- 124.09 

30.000 

- 1.105 

- 108.91 

80.000 

- 3.003 

- 225.01 

40.000 

- 3.238 

- 204.09 

f CL K = 3MHz (Typical Unit) 



fcLK = 3MHz (Typical Unit) 



0.000 

- 0.067 

180.00 

0.000 

0.044 

180.00 

30.000 

- 0.067 

77.49 

15.000 

0.044 

81.04 

60.000 

- 0.287 

- 25.54 

30.000 

- 0.065 

- 18.64 

90.000 

- 0.944 

- 128.51 

45.000 

- 0.863 

- 118.48 

120.000 

- 2.545 

- 230.19 

60.000 

- 3.022 

- 217.67 

feu = 4MHz (Typical Unit) 



Iqlk = 4MHz (Typical Unit) 



0.000 

- 0.031 

180.00 

0.000 

0.071 

180.00 

40.000 

- 0.031 

75.23 

20.000 

0.071 

78.04 

80.000 

- 0.078 

- 30.06 

40.000 

0.039 

- 25.06 

120.000 

- 0.332 

- 135.27 

60.000 

- 0.664 

- 128.54 

160.000 

- 1.275 

- 239.76 

80.000 

- 2.755 

- 231.42 

f C LK = 5MHz (Typical Unit) 



f C LK = 5MHz (Typical Unit) 



0.000 

0.073 

180.00 

0.000 

0.089 

180.00 

50.000 

0.073 

71.77 

25.000 

0.089 

74.36 

100.000 

0.365 

- 37.11 

50.000 

0.141 

- 32.41 

150.000 

0.686 

- 146.19 

75.000 

- 1.437 

- 139.33 

200.000 

0.521 

- 255.85 

100.000 

- 2.421 

- 246.01 
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Table 3. Passband Gain and Phase 
V s = ±5V, (fcLK/tc) = 25:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

Iclk = 1 MHz (Typical Unit) 

0.000 

0.081 

180.00 

10.000 

0.081 

80.94 

20.000 

0.071 

- 19.54 

30.000 

- 0.631 

- 121.10 

40.000 

- 2.732 

- 222.28 

fcLK = 2MHz (Typical Unit) 

0.000 

- 0.016 

180.00 

20.000 

- 0.016 

78.78 

40.000 

- 0.211 

- 23.21 

60.000 

- 0.968 

- 125.42 

80.000 

- 2.864 

- 226.47 

f CL K = 3MHz (Typical Unit) 

0.000 

- 0.006 

180.00 

30.000 

- 0.006 

76.07 

60.000 

- 0.044 

- 28.54 

90.000 

- 0.369 

- 133.27 

120.000 

- 1.507 

- 237.35 


Table 5. Passband Gain and Phase 

V s = Single 5V, (f C LK/fc) = 25:1 , T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fcuc = 0.5MHz (Typical Unit) 

0.000 

0.161 

180.00 

5.000 

0.161 

81.47 

10.000 

0.166 

- 18.52 

15.000 

- 0.515 

- 119.79 

20.000 

- 2.598 

- 220.82 

fcu ( = 1MHz (Typical Unit) 

0.000 

0.125 

180.00 

10.000 

0.125 

80.23 

20.000 

0.043 

- 20.75 

30.000 

- 0.706 

- 122.53 

40.000 

- 2.781 

- 223.59 

Iqlk = 1.5MHz (Typical Unit) 

0.000 

0.061 

180.00 

15.000 

0.061 

78.49 

30.000 

- 0.096 

- 23.82 

45.000 

- 0.741 

- 126.47 

60.000 

- 2.432 

- 228.12 

f CLK = 2MHz (Typical Unit) 

0.000 

0.151 

180.00 

20.000 

0.151 

75.03 

40.000 

0.321 

- 31.15 

60.000 

0.203 

- 137.86 

80.000 

- 0.838 

- 244.58 


Table 4. Passband Gain and Phase 
V s = ±5V, (f CLK /fc) = 50:1, T a = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

fcLK = 1MHz (Typical Unit) 

0.000 

0.032 

180.00 

5.000 

0.032 

84.60 

10.000 

- 0.249 

- 10.65 

15.000 

- 1.135 

- 105.20 

20.000 

- 3.225 

- 199.22 

f C LK = 2MHz (Typical Unit) 

0.000 

0.101 

180.00 

10.000 

0.101 

82.47 

20.000 

- 0.043 

- 15.45 

30.000 

- 0.864 

- 113.28 

40.000 

- 3.021 

- 210.54 

feu = 3MHz (Typical Unit) 

0.000 

0.125 

180.00 

15.000 

0.125 

77.88 

30.000 

0.043 

- 25.31 

45.000 

- 0.753 

- 128.74 

60.000 

- 2.987 

- 231.29 


Table 6. Passband Gain and Phase 

V s = Single 5V, (! C lk /» c ) = 50:1, T A = 25°C 


FREQUENCY (kHz) 

GAIN (dB) 

PHASE (DEG) 

f CL K = 0.5MHz (Typical Unit) 

0.000 

0.075 

180.00 

2.500 

0.075 

84.79 

5.000 

- 0.217 

- 10.40 

7.500 

- 1.108 

- 105.10 

10.000 

- 3.198 

- 199.26 

f CL K = 1MHz (Typical Unit) 

0.000 

0.114 

180.00 

5.000 

0.114 

83.96 

10.000 

- 0.122 

- 11.88 

15.000 

- 0.988 

- 107.02 

20.000 

- 3.111 

- 201.63 

f CL K = 1.5MHz (Typical Unit) 

0.000 

0.174 

180.00 

7.500 

0.174 

81.36 

15.000 

0.066 

- 17.84 

22.500 

- 0.744 

- 117.12 

30.000 

- 2.949 

- 215.79 

fcLK = 2MHz (Typical Unit) 

0.000 

0.232 

180.00 

10.000 

0.232 

75.98 

20.000 

0.219 

- 29.26 

30.000 

- 0.599 

- 134.63 

40.000 

- 3.031 

- 239.09 
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Power Supply Pins (4,12) 

The V + (pin 4) and the V" (pin 12) should each be 
bypassed with a 0.1 pf capacitor to an adequate analog 
ground. The filter’s power supplies should be isolated 
from other digital or high voltage analog supplies. A low 
noise linear supply is recommended. Using a switching 
power supply will lower the signal-to-noise ratio of the 
filter. The supply during power-up should have a slew rate 
less than 1 V/ps. When V + is applied before V" and V“ is 
allowed to go above ground, a signal diode should clamp 
V" to prevent latch-up. Figures 2 and 3 show typical 
connections for dual and single supply operation. 

Clock Input Pin (11) 

Any TTL or CMOS clock source with a square-wave output 
and 50% duty cycle (±10%) is an adequate clock source 
for the device. The power supply for the clock source 
should not be the filter’s power supply. The analog ground 
for the filter should be connected to clock’s ground at a 
single point only. Table 7 shows the clock’s low and high 
level threshold values for a dual or single supply operation. 
A pulse generator can be used as a clock source provided 
the high level ON time is greaterthan 0.1 ps. Sine waves are 
not recommended for clock input frequencies less than 
100kHz, since excessively slow clock rise or fall times 
generate internal clock jitter (maximum clock rise or fall 
time < Ips). The clock signal should be routed from the 
right side of the 1C package and perpendicularto it to avoid 
coupling to any input or output analog signal path. A 200Q 
resistor between clock source and pin 1 1 will slow down 
the rise and fall times of the clock to further reduce charge 
coupling (Figures 2 and 3). 


Table 7. Clock Source High and Low Threshold Levels 


POWER SUPPLY 

HIGH LEVEL 

LOW LEVEL 

Dual Supply = ±7.5V 

> 2.18V 

<0.5 V 

Dual Supply = ±5V 

> 1.45V 

< 0.5V 

Dual Supply = ±2.5V 

> 0.73V 

<-2.0V 

Single Supply = 12V 

> 7.80V 

<6.5 V 

Single Supply = 5V 

> 1.45V 

<0.5V 


Analog Ground Pins (3, 5) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane surrounding the pack- 


age is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pin 3 should be connected to the analog 
ground plane. For single supply operation pin 3 should be 
biased at 1/2 supply and should be bypassed to the analog 
ground plane with at least a IpF capacitor (Figure 3). For 
single 5V operation at the highest fcLK of 2MHz, pin 3 
should be biased at 2 V. This minimizes passband gain and 
phase variations. 

Ratio Input Pin (10) 

The DC level at this pin determines the ratio of the clock 
frequency to the cutoff frequency of the filter. Pin 10 at V + 
gives a 25:1 ratio and pin 1 0 at V - gives a 50:1 ratio. For 
single supply operation the ratio is 25:1 when pin 10 is at 
V + and 50:1 when pin 1 0 is at ground. When pin 1 0 is not 
tied to ground, it should be bypassed to analog ground 
with a 0.1 pF capacitor. If the DC level at pin 1 0 is switched 
mechanically or electrically at slew rates greater than 
1 V/ps while the device is operating, a 1 0k resistor should 
be connected between pin 10 and the DC source. 



Figure 2. Dual Supply Operation for an fcLK/fcuTOFF = 25:1 



Figure 3. Single Supply Operation for an fcu</fcuTOFF = 25:1 
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Filter Input Pin (2) 

The inputpin is connected internallythrougha50k resistor 
tied to the inverting input of an op amp. 

Filter Output Pins (9, 6) 

Pin 9 is the specified output of the filter; it can typically 
source 3mA and sink 1mA. Driving coaxial cables or 
resistive loads less than 20k will degrade the total har- 
monic distortion of the filter. When evaluating the device’s 



Figure 4. Buffer tor Filter Output 


distortion an output buffer is required. A noninverting 
buffer, Figure 4, can be used provided that its input 
common-mode range is well within the filter’s output 
swing. Pin 6 is an intermediate filter output providing an 
unspecified 6th order iowpass filter. Pin 6 should not be 
loaded. 

External Connection Pins (7, 14) 

Pins 7 and 14 should be connected together. In a printed 
circuit board the connection should be done under the 1C 
package through a short trace surrounded by the analog 
ground plane. 

NC Pin (1,5,8, 13) 

Pins 1 , 5, 8 and 1 3 are not connected to any internal circuit 
point on the device and should be preferably tied to analog 
ground. 


flppucmions mFonmnnon 

Clock Feedthrough 

Clock feedthrough is defined as the RMS value of the clock 
frequency and its harmonics that are present at the filter’s 
output pin (9). The clock feedthrough is tested with the 
input pin (2) grounded and it depends on PC board layout 
and on the value of the power supplies. With proper layout 
techniques the values of the clock feedthrough are shown 
in Table 8. 


Table 8. Clock Feedthrough 


v s 

25:1 

50:1 

Single 5V 

IOOmVrms 

100|iV RMS 

±5V 

IOOjiVrms 

400|aVrms 

±7.5V 

120hVrms 

IOOOMms 


Note: The clock feedthrough at 25:1 is imbedded in the wideband 
noise of the filter. Clock waveform is a square wave. 


Any parasitic switching transients during the rise and fall 
edges of the incoming clock are not part of the clock 
feedthrough specifications. Switching transients have fre- 
quency contents much higher than the applied clock; their 
amplitude strongly depends on scope probing techniques 
as well as grounding and power supply bypassing. The 


clock feedthrough, if bothersome, can be greatly reduced 
by adding a simple R/C Iowpass network at the output of 
the filter pin (9). This R/C will completely eliminate any 
switching transients. 

Wideband Noise 

The wideband noise of the filter is the total RMS value of 
the device’s noise spectral density and it is used to 
determine the operating signal-to-noise ratio. Most of its 
frequency contents lie within the filter passband and it 
cannot be reduced with post filtering. For instance, the 
LTC1 264-7 wideband noise at±5V supply is 1 60|jVrms. 
145(j.Vrms of which have frequency contents from DC up 
to the filter’s cutoff frequency. The total wideband noise 
(pVrms) is nearly independent of the value of the clock. 
The clock feedthrough specifications are not part of the 
wideband noise. 

Speed Limitations 

To avoid op amp slew rate limiting at maximum clock 
frequencies, the signal amplitude should be kept below a 
specified level as shown in Table 9. 
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Table 9. Maximum V jN vs Vs and Clock 


POWER SUPPLY 

MAXIMUM f CL K 

MAXIMUM V| N 

±7.5V 

5.0MHz 

1-6Vrms (fiN - 160kHz) 


4.5MHz 

2.0Vrms (f| N > 160kHz) 


4.0MHz 

2.5Vr MS (f| N > 160kHz) 


>3.5MHz 

1-6V RMS (f|N> 500kHz) 

±5V 

3.0MHz 

1-6V RMS (f| N >100kHz) 


>3.0MHz 

6-7Vr MS (Iin - 500kHz) 

Single 5 V 

2.0MHz 

0-6Vr MS (f|N - 400kHz) 


Transient Response 



1 0fxs/DlV 

INPUT = 10kHz ±3V 
f CL K = 2.5MHz 
RATIO = 25:1 

Figure 5. 



RISE TIME (t r ) = ±5% 

^CUTOFF 

SETTLING TIME (t s ) = f — - — ±5% 

(TO 1% Of OUTPUT) CUT0FF 

TIME DELAY (t d ) = GROUP DELAY * 

(TO 50% OF OUTPUT) CUT0FF 


1164-7 F06 


Figure 6. 


Aliasing 

Aliasing is an inherent phenomenon of sampled data 
systems and it occurs when input frequencies close to the 
sampling frequency are applied. For the LTC1 264-7 case 
at 50:1 , an input signal whose frequency is in the range of 
fcLK±1 0%, will be aliased back into the filter’s passband. 
If, for instance, an LTC1 264-7 operating with a 100kHz 
clock and 2kHz cutoff frequency receives a 95kHz lOmV 
input signal, a 5kHz 56|iV R Ms alias signal will appear at its 
output. When the LTC1 264-7 operates with a clock-to- 
cutoff frequency of 25:1 , aliasing occurs at twice the clock 
frequency. Table 10 shows details. 


Table 10. Aliasing (Iclk = 100kHz ) 


INPUT FREQUENCY 

OUTPUT LEVEL 

OUTPUT FREQUENCY 

(V|N = IVrmS. 

(Relative to Input, 

(Aliased Frequency 

*in = 1clk±1out) 

OdB = IVrms) 

f 0 UT = ABS [tcLK ±f|Nl) 

(kHz) 

(dB) 

(kHz) 


25:1, (cutoff = 4kHz 


175 (or 225) 

-76 

25 

180 (or 220) 

-69 

20 

185 (or 215) 

-62 

15 

190 (or 210) 

-43 

10 

195 (or 205) 

-7 

5 


50:1, (cutoff = 2kHz 


75 (or 125) 

-96 

25 

80 (or 120) 

-90 

20 

85 (or 115) 

-82 

15 

90 (or 110) 

-72 

10 

95 (or 105) 

-45 

5 

99 (or 101) 

9 

1 


Table 11. Transient Response of LTC Lowpass Filters 



DELAY 

RISE 

SETTLING 

OVER- 


TIME* 

TIME** 

TIME*** 

SHOOT 

LOWPASS FILTER 

(SEC) 

(SEC) 

(SEC) 

(%) 

LTC1 064-3 Bessel 

0.50/fc 

0.34/fc 

0.80/fc 

0.5 

LTC1 164-5 Bessel 

0.43/fc 

0.34/f c 

0.85/fc 

0 

LTC1 164-6 Bessel 

0.43/fc 

0.34/fc 

1.15/fc 

1 

LTC1 264-7 Linear Phase 

1.15/fc 

0.36/fc 

2.05/fc 

5 

LTC1 164-7 Linear Phase 

1.20/fc 

0.39/fc 

2.20/fc 

5 

LTC1 064-7 Linear Phase 

1.20/fc 

0.39/fc 

2.20/fc 

5 

LTC1164-5 Butterworth 

0.80/fc 

0.48/fc 

2.40/fc 

11 

LTC1 164-6 Elliptic 

0.85/fc 

0.54/fc 

4.30/fc 

18 

LTC1 064-4 Elliptic 

0.90/fc 

0.54/fc 

4.50/fc 

20 

LTC1 064-1 Elliptic 

0.85/fc 

0.54/fc 

6.50/fc 

20 


* To 50% ±5%, ** 10% to 90% ±5%, ”*To1%±0.5% 
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MICROPROCESSOR SUPERVISORY CIRCUITS 


LTC Family of Supervisory Circuit Products 


FUNCTION 

1235 

690 

691 

692 

693 

694/694-3.3 

695/695-3.3 

699 

1232 

Pushbutton Reset 

X 








X 

Battery Backup Switching-UL Recognized 

X 

X 

X 

X 

X 

X 

X 



Conditional Battery Backup 

X 









RAM Write Protect 

X 


X 


X 


X 



Watchdog Timer 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Power Fail Warning 

X 

X 

X 

X 

X 

X 

X 



Power Up/Down Reset 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Reset Threshold (V) 

4.65 

4.65 

4.65 

4.40 

4.40 

4.65/2.90 

4.65/2.90 

4.65 

4.62 1 

Reset Pulse Width (ms) 

200 

50 

50 

200 

200 

200 

200 

200 

610 

Guaranteed Vcc Reset Level (V) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Power Supply Current (jllA) 

600 

600 

600 

600 

600 

600 

600 

600 

500 

Packages: Plastic 

16 

8 

16 

8 

16 

8 

16 

8 

8 

Ceramic DIP 


8 

16 



8 

16 



SOIC 

16 2 

8 3 

16 2 

8 3 

16 2 

8 3 

16 2 

8 3 

8 3 

Temperature Ranges 

C 

C, 1 

C, ! 

C, 1 

C, 1 

C,l 

C, 1 

c 

C 


Notes: 1 . 4.62V or 4.37V threshold selectable 3. 0.1 5" wide SO package 

2. 0.3" wide SOL package 4. Temperature ranges: C = 0°Cto70°C I = -40°C to 85°C M = -55°Cto 125°C 


Definitions of Functions 


Pushbutton Reset: Provides a manual reset input, usually triggered by a 
pushbutton switch, which is debounced and will initiate the usual reset 
sequence. 


the enable line is inhibited, preventing erroneous data from being written 
into the RAM when Vqc is at an invalid level. The maximum enable delay for 
LTC’s supervisors is 45ns. 


Battery Backup Switching: When Vcc drops below the battery voltage, Vout 
is connected to V B att and the device is placed in standby mode to conserve 
power. This provides backup powerto the CMOS RAM while consuming less 
than IpiA of supply current. LTC devices are UL recognized for lithium 
battery backup. 

Conditional Battery Backup: Electrically disconnects the battery during 
shipment and storage to prevent unnecessary discharge. Disconnection is 
done by detecting the power down sequencing of the supply and battery 
inputs. 

RAM Write Protect: The system RAM enable line is gated by the supervisory 
circuit. When the supply voltage drops below the reset voltage threshold, 

Pin Configurations 


Watchdog Timer: Monitors the activity of the |iP. The processor must 
toggle this input line before the given timeout period expires, or a reset will 
be initiated. This function is intended to prevent jxP’s from becoming 
accidentally stalled in microcode loops indefinitely. 

Power Fail Warning: Provides early warning to the jllP of an impending 
power failure by monitoring the unregulated power supply. This gives the 
processor time to perform shutdown activities before all regulated power 
is lost. 

Power Up/Down Reset: Resets the piP when the power supply line drops 
below the preset threshold. LTC’s supervisors will hold the reset line low 
down to supply voltages of 1.0V, providing a reliable reset through Vcc 
voltages which may allow the processor to begin operation. 


Vbatt IX 
Vout X 
Vcc X 
GND X 
BATTON X 
LOW LINE X 
PBRST X 
BACKUP X 



XI Reset 
X Reset 
X woo 

X CE IN 
X CEOUT 
X WDI 
X PFO 
T) PFI 


J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 


J8 PACKAGE N8 PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 
S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Vbatt X 
Vout X 
Vcc X 

GND X 
BATTON X 
LOW LINE X 
PBRST X 
BACKUP X 



X RESET 

X reset 
X WDO 
X CE IN 
X CEOUT 
X WDI 

X PFO 

7] PFI 


S PACKAGE 
16-LEAD PLASTIC SOL 


Vout [± 



LTC690 

J] Vbatt 

Vcc [I 



Vcc U 

LTC692 

7] RESET 



GND [T 

LTC694 

LTC694-3.3 

j] WDI 

GND |T 

LTC699 

PFI (T 

m 

u PFO 

GND (T 



S8 PACKAGE N8 PACKAGE 

8-LEAD PLASTIC SOIC 8-LEAD PLASTIC DIP 


Vbatt X 
Vout X 
Vcc X 

GND X 
BATTON X 
LOW LINE X 
OSCIN X 
OSCSEL X 


TOP VIEW 

X reset 
X reset 

LTC691 Ml WOO 

LTC693 X CE IN 

LTC695 ZT _ 

TC695-3.3 X CEOUT 

X WDI 

X PFO 

X PFI 



J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 
S PACKAGE 
16-LEAD PLASTIC SOL 



S8 PACKAGE N8 PACKAGE 

8-LEAD PLASTIC SOIC 8-LEAD PLASTIC DIP 
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LTC692/LTC693 
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TECHNOLOGY 


FCflTURCS 

■ UL Recognized 

■ Guaranteed Reset Assertion at Vcc = IV 

■ 1 ,5mA Maximum Supply Current 

■ Fast (35ns Max.) On-Board Gating of RAM Chip 
Enable Signals 

■ S08 and SOI 6 Packaging 

■ 4.40V Precision Voltage Monitor 

■ Power OK/Reset Time Delay: 

200ms or Adjustable 

■ Minimum External Component Count 

■ IgA Maximum Standby Current 

■ Voltage Monitor for Power Fail or 
Low Battery Warning 

■ Thermal Limiting 

■ Performance Specified Over Temperature 

■ Superior Upgrade for MAX690 Family 

nppucnnons 

■ Critical gP Power Monitoring 

■ Intelligent Instruments 

■ Battery-Powered Computers and Controllers 

■ Automotive Systems 


Microprocessor 
Supervisory Circuits 

DCSCRIPTIOR 

The LTC692/LTC693 provide complete power supply moni- 
toring and battery control functions for microprocessor 
reset, battery backup, CMOS RAM write protection, power 
failure warning and watchdog timing. A precise internal 
voltage reference and comparator circuit monitor the 
power supply line. When an out-of-tolerance condition 
occurs, the reset outputs are forced to active states and the 
Chip Enable output uncondit ionally write-protects exter- 
nal memory. In addition, the RESET output is guaranteed 
to remain logic low even with Vcc as low as IV. 

The LTC692/LTC693 power the active CMOS RAMs with a 
charge pumped NMOS power switch to achieve low drop- 
out and low supply current. When primary power is lost, 
auxiliary power, connected to the battery input pin, powers 
the RAMs in standby through an efficient PMOS switch. 

For an early warning of impending power failure, the 
LTC692/LTC963 provide an internal comparator with a 
user-defined threshold. An internal watchdog timer is 
also available, which forces the reset pins to active states 
when the watchdog input is not toggled prior to a preset 
time-out period. 


TVPICfll RPPUCRTIOR 



RESET Output Voltage vs 
Supply Voltage 


1 1 1 

T A = 25°C 

EXTERNAL PULL-UP = 10pA 

\ln A TT n\/ 


7 



















A 







0 1 2 3 4 5 

SUPPLY VOLTAGE (V) 


LTC692/3 • TA02 
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LTC692/LTC693 


ABSOLUT! maximum ratirgs (^1^2) 


Terminal Voltage 

V cc -0.3V to 6.0V 

Vbatt -0.3V to 6.0V 

All Other Inputs -0.3 V to (Vout + 0.3V) 

Input Current 

Vcc 200mA 

Vbatt 50mA 

GND 20mA 


Vout Output Current Short Circuit Protected 


Power Dissipation 500mW 

Operating Temperature Range 

LTC692C/LTC693C 0°Cto70°C 

LTC692I/LTC693I -40°Cto85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKAG€/ORD€R MFORfDATIOn (Note 3) 





ORDER PART 


TOP VIEW 


ORDER PART 


TOP VIEW 


NUMBER 

Vbatt [I 

V-/ 

iH RESET 

NUMBER 


^ 




Vout LL 


15] RESET 


Vout lL 


Jy v batt 

LTC692CN8 

v cc 0E 


u\ WDO 

LTC693CN 

Vccd 


T} RESET 

LTC692IN8 

GND [7 


13] CE IN 

LTC693IN 

GND [T 


T] WDI 

LTC692CS8 

BATT0N \T 


jU CEOUT 

LTC693CS 

PFI \± 


T\ pfo 

LTC692IS8 

LOW LINE |T 


iT| WDI 

LTC693IS 

MR PACKAGF SR PACKAGF 


OSC IN EG 


iol PFO 


8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

S8 PART MARKING 

OSCSEL [T 


T] PFI 


Tjmax : 

= 1 1 0°C, 0 JA = 1 30°C/W (N) 

CQO 

N PACKAI 

3E s 

PACKAGE 


Tjmax 

110°C, 0 JA = 180°C/W (S) 


16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 


S8 Package Conditions: PCB Mount on FR4 Material, 

6921 





Still Air at 25°C, Copper Trace 

TjMAX = 110 o C,ej A = 130 o C/W(N,S) 






SI 6 Package Conditions: PCB Mount on FR4 Material, 






Still Air at 25°C, Copper Trace 



Consult factory for Military grade parts. 


PRODUCT SCLCCTIOR GUID€ 



PINS 

RESET 

THRESHOLD 

(V) 

WATCHDOG 

TIMER 

BATTERY 

BACKUP 

POWER FAIL 
WARNING 

RAM WRITE 
PROTECT 

PUSHBUTTON 

RESET 

CONDITIONAL 

BATTERY 

BACKUP 

LTC692 

8 

4.40 

X 

X 

X 




LTC693 

16 

4.40 

X 

X 

X 

X 



LTC690 

8 

4.65 

X 

X 

X 



_ _ 

LTC691 

16 

4.65 

X 

X 

X 

X 



LTC694 

8 

4.65 

X 

X 

X 




LTC695 

16 

4.65 

X 

X 

X 

X 



LTC699 

8 

4.65 

X 






LTC1232 

8 

4.37/4.62 

X 




X 


LTC1235 

16 

4.65 

X 

X 

X 

X 

X 

X 

LTC694-3.3 

8 

2.90 

X 

X 

X 




LTC695-3.3 

16 

2.90 

X 

X 

X 

X 
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LTC692/LTC693 


ELECTRICAL CHARACTERISTICS 


Vqc = Full Operating Range, Vbatt = 2.8V, Ta = 25°C, unless otherwise noted. 


PARAMETER 

CONDITONS 

MIN 

TYP 

MAX 

UNITS 

Battery Backup Switching 

Operating Voltage Range 







Vcc 



4.50 


5.50 

V 

Vbatt 



2.00 


4.00 

V 

V 0UT Output Voltage 

IOUT = 1 ™A 


Vcc -0.05 

V CC -0.005 


V 



• 

V cc - 0.10 

V CC -0.005 


V 


Iout = 50mA 


V CC -0.50 

V CC -0.250 


V 

Vout in Battery Backup Mode 

Iout = 250pA, Vcc< Vbatt 


Vbatt -0.1 

Vbatt - 0.02 


V 

Supply Current (Exclude Iout) 

Iout £ 50mA 



0.6 

1.5 

mA 



• 


0.6 

2.5 

mA 

Supply Current in Battery Backup Mode 

Vcc = OV, Vbatt- 2.8V 



0.04 

1 

MA 



• 


0.04 

5 

ha 

Battery Standby Current 

5.5 > V CC > Vbatt + 0.2V 


-0.1 


0.02 

PA 

(+ = Discharge, - = Charge) 


• 

-1.0 


0.10 

pA 

Battery Switchover Threshold 

Power Up 



70 


mV 

Vcc -V batt 

Power Down 



50 


mV 

Battery Switchover Hysteresis 



20 

mV 

BATT ON Output Voltage (Note 4) 

Isink = 3.2mA 


0.4 

V 

BATT ON Output Short-Circuit Current (Note 4) 

BATT ON = Vout Sink Current 



35 


mA 


BATT ON = OV Source Current 


0.5 

1 

25 

pA 

Reset and Watchdog Timer 

Reset Voltage Threshold 


• 

4.25 

4.40 

4.50 

V 

Reset Threshold Hysteresis 



40 

mV 

Reset Active Time 

OSC SEL HIGH, V cc = 5V 


160 

200 

240 

ms 

(Note 5) 


• 

140 

200 

280 

ms 

Watchdog Time-Out Period, 

Long Period, Vcc = 5V 


1.2 

1.6 

2.00 

sec 

Internal Oscillator 


• 

1.0 

1.6 

2.25 

sec 


Short Period, Vcc = 5V 


80 

100 

120 

ms 



• 

70 

100 

140 

ms 

Watchdog Time-Out Period, External Clock 

Long Period 


4032 


4097 

Clock 

(Note 6) 

Short Period 


960 


1025 

Cycles 

Reset Active Time PSRR 



1 

ms/V 

Watchdog Time-Out Period PSRR, Internal OSC 



1 

ms N 

Minimum WDI Input Pulse Width 

V| L = 0.4V, V| H = 3.5V 

• 

200 

ns 

RESET Output Voltage At Vcc = IV 

•sink = TOpA, Vcc = IV 



4 

200 

mV 

RESET and LOW LINE Output Voltage 

Isink = 1 -6mA, V cc = 4.25V 




0.4 

V 

(Note 4) 

•source -IpA, Vcc = 5V 


3.5 



V 

RESET and WDO Output Voltage 

Isink - 1.6mA, Vcc = 5V 




0.4 

V 

(Note 4) 

•source - IpA, Vcc = 4.25V 


3.5 



V 
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LTC692/LTC693 


cLccTmcm characteristics 


Vcc = Full Operating Range, Vbatt = 2.8V, Ta = 25°C, unless otherwise noted. 


PARAMETER 

CONDITONS 

MIN 

TYP 

MAX 

UNITS 

RESET, RESET, WDO, LOW LINE 

Output Source Current 


1 

3 

25 

mA 

Output Short-Circuit Current (Note 4) 

Output Sink Current 



25 


mA 

WDI Input Threshold 

Logic Low 




0.8 

V 


Logic High 


3.5 



V 

WDI Input Current 

WDI = V 0UT 

• 


4 

50 

MA 


WDI = 0V 

• 

-50 

-8 


mA 

Power Fail Detector 

PFI Input Threshold 

V CC = 5V 

• 

| 1.25 

1.3 

1.35 

V 

PFI Input Threshold PSRR 



! 0.3 

mV/V 

PFI Input Current 




±0.01 

±25 

nA 

PFO Output Voltage (Note 4) 

•sink = 3.2mA 




0.4 

V 


■source = 1mA 


3.5 



V 

PFO Short Circuit Source Current 

PFI = HIGH, PFO = 0V 


1 

3 

25 

MA 

(Note 4) 

PFI = LOW, PF0 = V 0U t 



25 


mA 

PFI Comparator Response Time (falling) 

AV|n = -20mV, V 0D = 15mV 


1 ? ! 

MS 

PFI Comparator Response Time (rising) 

AV|n = 20mV, V 0 d = 15mV 



40 


MS 

(Note 4) 

with 10kQ Pull-Up 



8 


MS 

Chip Enable Gating 

CE IN Threshold 

V| L 




0.8 

V 


V| H 


2.0 



V 

CE IN Pullup Current (Note 7) 



1 3 1 

MA 

CE OUT Output Voltage 

•sink = 3.2mA 




0.4 

V 


•source = 3.0mA 


VoUT - 1 .50 



V 


•source = 1mA. VcC = 0V 


Vqut ~ 0.05 



V 

CE Propagation Delay 

V CC = 5V, C L = 20pF 



20 

35 

ns 



• 


20 

45 

ns 

CE OUT Output Short Circuit Current 

Output Source Current 



30 


mA 


Output Sink Current 



35 


mA 

Oscillator 

OSC IN Input Current (Note 7) 



±2 

MA 

OSC SEL Input Pull-Up Current (Note 7) 



5 

ma 

OSC IN Frequency Range 

OSC SEL = 0V 

• 

0 


250 

kHz 

OSC IN Frequency with External Capacitor 

OSC SEL = 0V, C 0S c = 47pF 


4 

kHz 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: All voltage values are with respect to GND. 

Note 3: For military temperature range, consult the factory. 

Note 4: The output pins of BATT ON, LOW LINE, PFO, WDO, RESET and 
RESET have weak internal pull-ups of typically 3pA. However, external 
pull-up resistors may be used when higher speed is required. 


Note 5: The LTC692/LTC693 have minimum reset active times of 140ms 
(200ms typically). The reset active time of the LTC693 can be adjusted 
(see Table 2 in Applications Information Section). 

Note 6: The external clock feeding into the circuit passes through the 
oscillator before clocking the watchdog timer (See BLOCK DIAGRAM). 
Variation in the time-out period is caused by phase errors which occur 
when the oscillator divides the external clock by 64. The resulting 
variation in the time-out period is 64 clocks plus one clock of jitter. 

Note 7: The input pins of CE IN, OSC IN and OSC SEL have weak internal 
pull-ups which pull to the supply when the input pins are floating. 
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LTC692/LTC693 


TYPICAL PCftFOftmnnCC charactcristics 


Vqut VS Iqut 



LOAD CURRENT (mA) 


LTC692/3 * TPCOI 


Reset Active Time vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LTC692/3 • TPC04 


Vqut vs Iqut 



LOAD CURRENT (pA) 


LTC692/3 • TPC02 


Reset Voltage Threshold 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LTC692/3 • TPC05 


Power Failure Input Threshold 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

LTC692/3 • TPC03 


Power Fail Comparator 
Response Time 



0 1 2 34 567 8 

TIME (ps) 


LTC692/3 • TPC06 


Power Fail Comparator 
Response Time 



0 20 40 60 80 100 120 140 160 180 

TIME (ms) 


Power Fail Comparator Response 
Time with Pull-Up Resistor 



0 2 4 6 8 10 12 14 16 18 


TIME (ms) 


LTC692/3 • TPC07 


LTC692/3 • TPC08 
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LTC692/LTC693 


pm Funcnons 

Vqc" 5 V Supply Input. The Vcc pin should be bypassed 
with a 0.1 pF capacitor. 

Vout: Voltage Output for Backed Up Memory. Bypass with 
a capacitor of 0.1 pF or greater. During normal operation, 
Vout obtains power from Vqc through an NMOS power 
switch, Ml , which can deliver up to 50mA and has a typical 
ON resistance of 5Q. When Vq C is lower than Vbatt. Vout 
is internally switched to V BA tt- If Vout and V BA tt are not 
used, connect Vout to Vcc. 

Vbatt: Backup Battery Input. When Vcc falls below V B att, 
auxiliary power connected to V B att, is delivered to Vout 
through PMOS switch, M2. If backup battery or auxiliary 
power is not used, V B att should be connected to GND. 

GND: Ground Pin. 

BATT ON: Battery On Logic Output from Comparator C2. 
BATT ON goes low when Vout is internally connected to 
Vcc- The output typically sinks 35mAand can provide base 
drive for an external PNP transistor to increase the output 
current above the 50mA rating of Vout- BATT ON goes 
high when Vout is internally switched to V B att- 

PFI: Power Failure Input. PFI is the noninverting input to 
the Power Fail Comparator, C3. The inverting input is 
internally connected to a 1 .3 V reference. The Power Failure 
Output remains high when PFI is above 1 ,3V and goes low 
when PFI is below 1 .3 V. Connect PFI to GND or Vout when 
C3 is not used. 

PFO: Power Failure Output from C3. PFO remains high 
when PFI is above 1 .3 V and goes low when PFI is below 
1.3V . When Vcc is lower than V B att, C3 is shut down and 
PFO is forced low. 

RESET: Logic Output for pP Reset Control. Whenever Vcc 
falls below either t he rese t voltage threshold (4.40V 
typically) or V BA rr, RESET goes active low. After V qc 
returns to 5 V, reset pulse generator forces RESET to 
remain active low for a minimum of 140ms. When the 
watchdog timer is enabled but not serviced prior to a 
preset time-out period, reset pulse generator also forces 
RESET to active low for a minimum of 140ms for every 


preset time-out period (see Figure 11). The reset active 
time is adjustable on the LTC693. An e xternal pushbutton 
reset can be used in connection with the RESET output. See 
Pushbutton Reset in the Applications Information section. 

RESET: R ESET is an Active High Logic Ouput. It is the 
inverse of RESET. 

LOW LINE: Logic Output from Comparator Cl . LOW LINE 
indicates a low line condition at the Vcc input. When Vcc 
falls below the reset voltage threshold (4.40V typically), 
LOW LINE goes lo w. As soon as Vcc rises above the reset 
voltage thr eshold, LOW LINE returns high (see Figure 1). 
LOW LINE goes low when Vcc drops below V B att (see 
Table 1). 

WDI: Watchdog Input. WDI is a three level input. Driving 
WDI either high or low for long er t han th e watchdog time- 
out period, forces both RESET and WDO low. Floating WDI 
disables the Watchdog Timer. The timer resets itself with 
each transition of the Watchdog Input (see Figure 11). 

WDO: Watchdog Logic Output. When the watchdog input 
remains either high o r low for l onge r than the watchdog 
time-out period, WDO goes low. WDO is set high whenever 
there is a transition on the WDI pin, or LOW LINE goes low. 
The watchdog timer can be disabled by floating WDI (see 
Figure 11). 

CE IN: Logic Input to the Chip Enable Gating Circuit. CE IN 
can be derived from microprocessor's address line and/or 
decoder output. See Applications Information Section and 
Figure 5 for additional information. 

CE OUT: Logic Output on the Chip Enable Gating^Circuit. 
When Vcc is above thejeset voltage threshold, CE OUT is 
a buffered replica of CE IN. When Vcc is below the reset 
voltage threshold CE OUT is forced high (see Figure 5). 

OSC SEL: Oscillator Selection Input. When OSC SEL is 
high orfloating, the internal oscillator sets the reset active 
time and watchdog time-out period. Forcing OSC SEL low 
allows OSC IN to be driven from an external clock signal 
or an external capacitorto be connected between OSC IN 
and GND. 
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LTC692/LTC693 


pm Funcuons 

OSC IN: Oscillator Input. OSC IN can be driven by an 
external clock signal or an external capacitor can be 
connected between OSC IN and GND when OSC SEL is 
forced low. In this configuration the nominal reset active 
time and watchdog time-out period are determined by the 
number of clocks or set by the formula (see Applications 


Information section). When OSC SEL is high or floating, 
the internal oscillator is enabled and the reset active time 
is fixed at 200ms typical. OSC IN selects between the 1 .6 
seconds and 100ms typical watchdog time-out periods. 
In both cases the time-out period immediately after a 
reset is 1.6 seconds typical. 












LTC692/LTC693 


APPiicOTions inFORmOTion 

Microprocessor Reset 

The LTC692/LTC693 use a bandgap voltage reference and 
a precision voltage comparator Cl to monitor the 5 V 
supply input on Vcc (see BLOCK DIAGRA M). Wh en Vcc 
falls below the reset voltage threshold, the RESET output 
is forced to active low state. The reset volt age thr eshold 
accounts for a 10% variation on Vcc, so the RESET output 
becomes active low when Vgcjalls below 4.50V (4.40V 
typical). On power-up, the RESET signal is held active low 
for a minimum of 140ms after reset voltage threshold is 
reached to allow the power supply and microprocessor to 
stabilize. The reset acti ve time is adjustable on the LTC693. 
On power-down, the RESET signal remains active low 
even with Vcc as low as 1 V. This capability helps hold the 
microprocessor in stable shutdo wn con dition. Figure 1 
shows the timing diagram of the RESET signal. 

The precision voltage comparator, Cl , typically has 40mV 
of hysteresis wh ich ens ures that glitches at the Vcc pin do 
not activate the RESET output. Response time is typically 
1 0ps. To help prevent mistriggering due to transient loads, 
Vcc pin should be bypassed with a 0.1 pF capacitor with the 
leads trimmed as short as possible. 

The LTC693 has two additional outputs: RESET and LOW 
LINE. RESET is an active high output and is the inverse of 
RESET. LOW LINE is the output of the precision voltage 
comparato r Cl . Whe n Vcc fall s below th e reset voltage 
threshold, LOW LINE goes low. LOW LINE returns high as 
soon as Vcc r i ses above the reset voltage threshold. 


Battery Switchover 

The battery switchover circuit compares Vcc to the 
Vbatt input, and connects Vout to whichever is higher. 
When Vcc rises to 70mV above Vbatt. the battery 
switchover comparator, C2, connects Vout to Vcc 
through a charge pumped NMOS power switch, Ml. 
When Vcc falls to 50mV above V B att. C2 connects Vout 
to Vbatt through a PMOS switch, M2. C2 has typically 
20mV of hysteresis to prevent spurious switching when 
Vcc remains nearly equal to V B att- The response time of 
C2 is approximately 20ps. 

During normal operation, the LTC692/LTC693 use a charge 
pumped NMOS power switch to achieve low dropout and 
low supply current. This power switch can deliver up to 
50mA to Vout from Vcc and has a typical “on” resistance 
of 5Q. The Vout pin should be bypassed with a capacitor 
of O.lpF or greater to ensure stability. Use of a larger 
bypass capacitor is advantageous for supplying current to 
heavy transient loads. 

When operating currents larger than 50mA are required 
from Vout. or a lower dropout (Vcc- Vout voltage differ- 
ential) is desired, the LTC693 should be used. This prod- 
uct provides BATT ON output to drive the base of the 
external PNP transistor (Figure 2). If higher currents are 
needed with the LTC692, a high current Schottky diode 
can be connected from the Vcc P in to the Vout pin to 
supply the extra current. 



vcc y 

c V2 

\ 

IcVi 

f \ 

VI - RESET VOLTAGE THRESHOLD ^ 

L-V1 



V2 = RESET VOLTAGE THRESHOLD + 
RESET THRESHOLD HYSTERESIS 


RESET 

-* tl » 
















tl = RESET ACTIVE TIME 


LOW LINE 






LTC692/3 • F01 


Figure 1 . Reset Active Time 
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ANY PNP POWER TRANSISTOR 




0.1 pF 


T 

i 


BATTON 
|VeC Vout 

LTC693 


Vbatt 

GND 

T 


: o.ipF 


V OUT~ V BAn 



0.1 [jF 


Figure 2. Using BATT ON to Drive External PNP Transistor 


Figure 3. Charging External Battery Through Vqut 


The LTC692/LTG693 are protected for safe area operation 
with a short circuit limit. Output current is limited to 
approximately 200mA. If the device is overloaded for long 
periods of time, thermal shutdown turns the power switch 
off until the device cools down. The threshhold tempera- 
ture for thermal shutdown is approximately 155°C with 
about 10°C of hysteresis which prevents the device from 
oscillating in and out of shutdown. 

The PNP switch used in competitive devices was not 
chosen for the internal power switch because it injects 
unwanted current into the substrate. This current is col- 
lected by the Vbatt pin in competitive devices and adds to 
the charging current of the battery which can damage 
lithium batteries. The LTC692/LTC693 use acharge pumped 
NMOS power switch to eliminate unwanted charging 
current while achieving low dropout and low supply cur- 
rent. Since no current goes to the substrate, the current 
collected by the Vbatt pin is strictly junction leakage. 

A 1 25Q PMOS switch connects the Vbatt input to Vout in 
battery backup mode. The switch is designed for very low 
dropout voltage (input-to-output differential). This feature 
is advantageous for low current applications such as 
battery backup in CMOS RAM and other low power CMOS 
circuitry. The supply current in battery backup mode is 
IpA maximum. 

The operating voltage at the Vbatt pin ranges from 2.0V to 
4.0V. High value capacitors, such as electrolytic or farad- 
size double layer capacitors, can be used for short term 


memory backup instead of a battery. The charging resistor 
for the rechargeable batteries should be connected to 
Vout since this eliminates the discharge path that exists 
when the resistor is connected to Vcc (Figure 3). 

Replacing the Backup Battery 

When changing the backup battery with system power 
on, spurious resets can occur while the battery is re- 
moved due to battery standby current. Although battery 
standby current is only a tiny leakage current, it can still 
charge up the stray capacitance on the Vbatt pin. The 
oscillation cycle is as follows: When Vbatt reaches within 
50mV of Vcc, the LTC692/LTC693 switch to battery 
backup. Vout pulls Vbatt low and the devices go back to 
normal operation. The leakage current then charges up 
the Vbatt pin again and the cycle repeats. 

If spurious resets during battery replacement pose no 
problems, then no action is required. Otherwise, a resistor 
from Vbatt to GND will hold the pin low while changing the 
battery. For example, the battery standby current is 1 joA 
maximum over temperature and the external resistor 
required to hold Vbatt below Vcc is: 

V C c-50mV 

IpA 

With Vcc = 4.25V, a 3.9M resistor will work. With a 3 V 
battery, this resistor will draw only 0.77pA from the 
battery, which is negligible in most cases. 
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If battery connections are made through long wires, a 1 0n 
to 100Q series resistor and a 0.1(oF capacitor are recom- 
mended to prevent any overshoot beyond Vcc due to the 
lead inductance (Figure 4). 


ion 

I — O O — vw 




X 

T 


0.1 pF 



alternative signal to drive the CE, CS, or Write input of 
battery bac ked u p CMOS RAM. CE OUT can also be used 
to drive the Store or Write input of an EEPROM, EAROM or 
NOVRAM to achievesimilar protection. Figure 5 shows the 
timing diagram of CE IN and CE OUT. 

CE IN can be derived from the microprocessor's address 
decoder output. Figure 6 shows a typical nonvolatile 
CMOS RAM application. 

Memory protect ion can also be achieved with the LTC692 
by using RESET as shown in Figure 7. 


Figure 4. lOti/O.lpF combination eliminates inductive 
overshoot and prevents spurious resets during battery 
replacement. 

Table 1 shows the state of each pin during battery backup. 
When the battery switchover section is not used, connect 
Vbatt to GND and Vout to Vcc- 

Memory Protection 

The LTC693 includes memory protection circuitry which 
ensures the integrity of the data in memory by preventing 
write operations_when Vqc is at an invalid level. Two 
ad dition al pins, CE IN and CE OUT, control the Chip_Enable 
or Write jnputs of CMOS RAM. When V cc is 5V, CE OUT 
follows CE IN with a typical propagation delay of 20ns. 
When Vcc falls below the reset voltage threshold or Vbatt, 
CE OUT is forced high, independent of CE IN. CE OUT is an 


Table 1. Input and Output Status in Battery Backup Mode 


SIGNAL 

STATUS 

Vcc 

C2 monitors Vcc tor active switchover. 

VOUT 

Vout is connected to Vbatt through an internal PMOS switch. 

Vbatt 

The supply current is 1 juA maximum. 

BATT ON 

Logic high. The open-circuit output voltage is equal to Vout- 

PFI 

Power Failure Input is ignored. 

PFO 

Logic low 

RESET 

Logic low 

RESET 

Logic high. The open-circuit output voltage is equal to Vout- 

LOW LINE 

Logic low 

WDI 

Watchdog Input is ignored. 

Woo 

Logic high. The open-circuit output voltage is equal to V 0 ut- 

CE IN 

Chip Enable Input is ignored. 

CEOUT 

Logic high. The open-circuit output voltage is equal to Vout- 

OSC IN 

OSC IN is ignored. 

OSC SEL 

OSC SEL is ignored. 




Figure 5. Timing Diagram for CE IN and CE OUT 
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V CC V OUT 

LTC693 



O.lnF^ 

10|llF ZjZ O.lfxF 

V CC 

62512 

RAM 


CEOUT 


CS GND 


<Z. 20ns PROPAGATION DELAY 
FROM DECODER 

_r 

Vam OEM 


3 V 

T 

ii 

rL 

LTC692/3 • F06 

J. 

4- L 

TO |aP 



Figure 6. A Typical Nonvolatile CMOS RAM Application 
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GND 

- . 

Vcc 

62128 

RAM 
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POO 

o.i jxF nzz 

1+ 

=£=10pF 

=£= O.lnF 

cs — 

3V 


GND 


— i — 
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Figure 7. Write Protect for RAM with the LTC692 



Figure 8. Monitoring Unregulated DC Supply with the 
LTC692/LTC693 Power Fail Comparator 



Figure 9. Monitoring Regulated DC Supply 
with the LTC692/LTC693 Power Fail Comparator 


Power Fail Warning 

The_LTC692/LTC693 generate a Power Failure Output 
(PFO) for early warning of failure in the microprocessor's 
power supply. This is accomplished by comparing the 
Power Failure Input (PFI) with an internal 1.3V reference. 
PFO goes low when the voltage at the PFI pin is less than 
1 .3 V. Typically PFI is driven by an external voltage divider 
(R1 and R2 in Figures 8 and 9) which senses either an 
unregulated DC input ora regulated 5 V output. The voltage 
divider ratio can be chosen such that the voltage at the PFI 
pin falls below 1.3V, several milliseconds before the 5 V 
supply falls below the maximum reset voltage threshold of 
4.50V. PFO is normally used to interrupt the microproces- 
sor to execute shutdown procedure between PFO and 
RESET or RESET. 

The power fail comparator, C3, does not have hysteresis. 
Hysteresis can be added however, by connecting a resis- 
tor between the PFO output and the noninverting PFI input 
pin as shown in Figures 8 and 9. The upper and lower trip 
points in the comparator are established as follows: 

When PFO output is low, R3 sinks current from the 
summing junction at the PFI pin. 


V h =1.3V 


. R1 R1 
+ R2 + R3 


When PFO output is high, the series combination of R3 and 
R4 source current into the PFI summing junction. 


V|_ = 1 ,3V 


f R1 (5V-1.3V)Rl1 
, R2 1.3V(R3 + R4)J 


Assuming R4 « R3, V H ysteresis = 5 ^r3 

Example 1 : The circuit in Figure 8 demonstrates the use of 
the power fail comparator to monitor the unregulated 
power supply input. Assuming the the rate of decay of the 
supply input V| N is 1 0OmV/ms and the total time to execute 
a shutdown procedure is 8ms. Also, the noise of Vin is 
200mV. With these assumptions in mind, we can reason- 
ably set Vl = 7.25 V which is 1 .25 V greater than the sum of 
maximum reset voltage threshold and the dropout voltage 
of LT1 086-5 (4.5V + 1 .5 V) and V HY steresis = 850mV. 
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R1 

^HYSTERESIS = 5V — = 850mV 


R3 » 5.88 R1 

Choose R3 = 300k and R1 = 51k. Also select R4 = 10k 
which is much smaller than R3. 


7.25V = 1 .3V 


/ 

1 + 

V 


51k 

R2 


(5V-1.3V)51k^ 
1.3V(310k) , 


R2 = 1 0.1 k, Choose nearest 5% resistor 1 0k and recalcu- 
late V|_, 


V L = 1 ,3V 



(5V-1.3V)51k^| 
1.3V(310k) , 


7.32V 


V H 


= 1.3V 


' 51k 51k 1 

10k 300k J 


8.151V 


(7.32V -6.25V) 
lOOmV/ms 


10.7ms 


Vhysteresis = 8.151V- 7.32V = 831 mV 


The 10.7ms allows enough time to execute shutdown 
procedure for microprocessor and 831 mV of hysteresis 
would prevent PFO from going low due to the noise of Vin. 

Example 2: The circuit in Figure 9 can be used to measure 
the regulated 5 V supply to provide early warning of power 
failure. Because of variations in the PFI threshold, this 
circuit requires adjustment to ensure the PFI comparator 
trips before the reset threshold is reached. Adjust R5 such 
that the PFO output goes low when the Vcc supply reaches 
the desired level (e.g., 4.6V). 


Monitoring the Status of the Battery 

C3 can also monitor the status ofjhe memory backup 
battery (Figure 10). If desired, the CEOUT can be used to 
apply a test load to the battery. Since CE OUT is forced high 
in battery backup mode, the test load will not be applied to 
the battery while it is in use, even if the microprocessor is 
not powered. 


5V 



Figure 10. Backup Battery Monitor with Optional Test Load 


Watchdog Timer 

The LTC692/LTC693 provide a watchdog timerfunction to 
monitor the activity of the microprocessor. If the micro- 
processor does not toggle the Watch dog Input (WDI) 
within a seleced time-out period, RESET is forced to active 
low for a minimum of 140ms. The reset active time is 
adjustable on the LTC693. Since many systems cannot 
service the watchdog timer immediately after a reset, the 
LTC693 has longer time-out period (1.0 second mini- 
mum) right after a reset is issued. The normal time-out 
period (70ms minimum) b ecomes effective following the 
first transition of WDI after RESET is inactive. The watch- 
dog time-out period is fixed at a 1 .0 second minimum on 
the LTC692. Figure 11 shows the timing diagram of 
watchdog time-out period and reset active tim e. The 
watchdog time-out period is restarted as soon as RESET 
is inactive. When either a high-to-low or low-to-high 
transition occurs at the WDI pin prior to time-out, the 
watchdog timer is reset and begins to time-out again. To 
ensure the watchdog timer does not time-out, either a 
high-to-low or low-to-high transition on the WDI pin must 
occur at or less than the minimum time-out period. If the 
input to the WDI pin remains either high or low, reset 
pulses will be issued every 1.6 seconds typically. The 
watchdog timer can bedeactivated byfloating the WDI pin. 
The timer is also disabled when Vcc falls below the reset 
voltage threshold or Vbatt. 
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The LT C693 provides an additional output (Watchdog 
Output, WDO) which goes low if the watchdog timer is 
allowed to time out and remai ns low until set high by the 
next transition on the WDI pin. WDO is also set high when 
Vcc falls below the reset voltage threshold or Vbatt- 

The LTC693 has two additonal pins OSC SEL and OSC IN, 
which allow reset active time and watchdog time-out 
period to be adjusted per Table 2. Several configurations 
are shown in Figure 12. 

OSC IN can be driven by an external clock signal or an 
external capacitor can be connected between OSC IN and 


GND when OSC SELisforced low. In these configurations, 
the nominal reset active time and watchdog time-out 
period are determined by the number of clocks or set by 
the formula in Table 2. When OSC SEL is high or floating, 
the internal oscillator is enabled and the reset active time 
is fixed at 140ms minimum. OSC IN selects between the 
1 second and 70ms minimum normal watchdog time-out 
periods. In both cases, the time-out period immediately 
after a reset is at least 1 second. 


V CC = 5V 
WDI — 


WDO 


RESET 



tl = RESET ACTIVE TIME 
t2 = NORMAL WATCHDOG TIME-OUT PERIOD 
t3 = WATCHDOG TIME-OUT PERIOD IMMEDIATELY 
AFTER A RESET 



t3 



— tl — 
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Figure 11. Watchdog Time-out Period and Reset Active Time 


EXTERNAL CLOCK 


EXTERNAL OSCILLATOR 


V CC 

OSC SEL 

8 

“1 
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v cc 

OSC SEL 

LTC693 



LTC693 

GND 

OSC IN 

-JUL 

4 

_n 

GND 

OSC IN 


n 


INTERNAL OSCILLATOR 
1.6 SECOND WATCHDOG 


INTERNAL OSCILLATOR 
100ms WATCHDOG 


v cc 

OSC SEL 

8 

FLOATING 

OR HIGH 

3 

5V 

Vcc 

OSC SEL 
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GND 

OSC IN 

7 

FLOATING 

OR HIGH 

4 

n 
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OSC IN 


8 FLOATING 
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Figure 12. Oscillator Configurations 
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Table 2. LTC693 Reset Active Time and Watchdog Time-Out Selections 


0SC SEL 

OSC IN 

WATCHDOG TIME-OUT PERIOD 

RESET ACTIVE TIME 

NORMAL 
(Short Period) 

IMMEDIATELY 

AFTER RESET 
(Long Period) 

LTC693 

Low 

External Clock Input 

1024 elks 

4096 elks 

2048 elks 



400ms 0 

1 .6 sec „ 

800ms „ 

Low 

External Capacitor* 

70pF xC 

70pF xC 

70pF xC 

Floating or High 

Low 

100ms 

1 .6 sec 

200ms 

Floating or High 

Floating or High 

1.6 sec 

1 .6 sec 

200ms 


'The nominal internal frequency is 10.24kHz. The nominal oscillator frequency with external capacitor is Fqsc (Hz) 


184,000 

C(pF) 


Pushbutton Reset 

The LTC692/LTC693 do not provide a logic input for direct 
connection to a pushbutton. However, a pushbu tton in 
series with a 1 00£2 resistor connected to the RESET output 
pin (Figure 13) provides an alterna tive for manual reset. 
Connecting a 0.1 pF capacitorto the RESET pin debounces 
the pushbutton input. 

The 100£2 resistor in series with the pushbutton is re- 
quired to prevent the ringing, due to the capacitance and 
lead inductance, from pulling the RESET pins of the MPU 
and LTC692/LT693 below ground. 


Vqc reset 



RESET 

' 

T 

LTC692 

LTC693 

J 

Z 0.1 |liF e 1000 

-T 

MPU 

(e.g. 6805) 

GND 


? 

LTC692/3 • F13 

x 

_ 

1 



Figure 13. The External Pushbutton Reset 


TYPICAL APPLICATION 

Capacitor Backup with 74HC4016 Switch 
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Write Protect for Additional RAMs 



OPTIONAL CONNECTION FOR 
ADDITIONAL RAMs 
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/ 7 LIItcAR LTC694-3.3/LTC695-3.3 

TECHNOLOGY 3.3V Microprocessor 

Supervisory Circuits 


F€RTUR€S 


DCSCRIPTIOn 


■ Guaranteed Reset Assertion at Vcc = 1 V 

■ Pin Compatible with LTC694/LTC695 for 3.3V 
Systems 

■ 200pA Typical Supply Current 

■ Fast (30ns Typ) On-Board Gating of RAM Chip 
Enable Signals 

■ SO-8 and SO-16 Packages 

■ 2.90V Precision Voltage Monitor 

■ Power OK/Reset Time Delay: 200ms or Adjustable 

■ Minimum External Component Count 

■ IpA Maximum Standby Current 

■ Voltage Monitor for Power Fail or Low 
Battery Warning 

■ Thermal Limiting 

■ Performance Specified Over Temperature 

RPPUCRTIOnS 

■ 3.3V Low Power Systems 

■ Critical pP Power Monitoring 

■ Intelligent Instruments 

■ Battery-Powered Computers and Controllers 

■ Automotive Systems 


The LTC694-3.3/LTC695-3.3 provide complete 3.3V power 
supply monitoring and battery control functions. These 
include power-on reset, battery backup, RAM write pro- 
tection, power failure warning and watchdog timing. The 
devices are pin compatible upgrades of the LTC694/ 
LTC695 that are optimized for 3.3V systems. Operating 
power consumption has been reduced to 0.6mW (typical) 
and 3pW maximum in battery backup mode. Micropro- 
cessor reset and memory write protect ion are provided 
when the supply falls below 2.9 V. The RESET output is 
guaranteed to remain logic low with Vcc as low a s IV. 

The LTC694-3.3/LTC695-3.3 powerthe active RAMswith 
a charge pumped NMOS power switch to achieve low 
dropout and low supply current. When primary power is 
lost, auxiliary power, connected to the battery input pin, 
powers the RAMs in standby through an efficient PMOS 
switch. 

For an early warning of impending power failure, the 
LTC694-3.3/LTC695-3.3 provide an internal comparator 
with a user-defined threshold. An internal watchdog timer 
is also available, which forces the reset pins to active 
states when the watchdog input is not toggled prior to a 
preset time-out period. 


TVPICfll RPPUCRTIOn 


RESET Output Voltage vs 
Supply Voltage 




SUPPLY VOLTAGE (V) 

694/5-3.3 TA02 
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LTC694-3 . 3/LT C695-3 . 3 


absolute mnximum rrtirgs (Notes 1 and 2) 


Terminal Voltage 

V cc -0.3V to 6V 

V B att -0.3V to 6 V 

All Other Inputs -0.3V to (Vqut + 0.3V) 

Input Current 

Vcc 100mA 

Vbatt 25mA 

GND 10mA 


Vqut Output Current Short-Circuit Protected 


Power Dissipation 500mW 

Operating Temperature Range 

LTC694C-3.3/LTC695C-3.3 0°C to 70°C 

LTC694 1 -3 . 3/LTC695 1 -3 . 3 -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmRUOn (Note 3) 


TOP VIEW 


Vbatt \T 



lH RESET 

V 0UT GE 


jU RESET 

v cc [T 


U\ WDO 

GND |T 

LTC695-3.3 

m CE IN 

BAH ON [T 


n\ CEOUT 

LOW LINE [T 


TT] wdi 

OSC IN [7 


m pro 

OSC SEL [T 


J] PFI 


N PACKAGE 
16-LEAD PLASTIC DIP 


ORDER PART 
NUMBER 


LTC695CN-3.3 

LTC695IN-3.3 


TOP VIEW 

Vbatt 
V 0 UT 
V CC 
GND 
BATTON 
LOW LINE 
OSC IN 
OSC SEL 

S PACKAGE 
16-LEAD PLASTIC SOL 



i|] RESET 
jH RESET 
HJwDO 
13] CE IN 
Tf] CEOUT 
TT] WDI 
1 PFO 
T| PFI . 


ORDER PART 
NUMBER 


LTC695CS-3.3 

LTC695IS-3.3 


TjMAX = 110°C,ejA = 130°C/W 


Tjmax = 110°C, Qja = 130°C/W 



TOP VIEW 


LTC694CN-3.3 

LTC694IN-3.3 

V OUT \T 

Vcc [I 
GND [T 
PFI |T 

LTC694-3.3 

1] v batt 

7] RESET 
j] WDI 
u PFO 

N8 PACKAGE 

8-LEAD PLASTIC DIP 


Tjmax = 

= 110°C, 0j A = 130°C/W 



TOP VIEW 


Vqut Dj 


Vcc [I 
GND [7 
PFI |T 


LTC694-3.3 


U v batt 

T\ RESET 
7] WDI 
7] PFO 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 


Tjmax = 110°C, e JA = 180°C/W 


LTC694CS-3.3 

LTC694IS-3.3 


S8 PART 
MARKING 


694 

6941 


Consult factory for Military grade parts. 


PRODUCT S6LCCTIOR GUID€ 



PINS 

RESET 

THRESHOLD 

(V) 

WATCHDOG 

TIMER 

BATTERY 

BACKUP 

POWER FAIL 
WARNING 

RAM WRITE 
PROTECT 

PUSHBUTTON 

RESET 

CONDITIONAL 

BATTERY 

BACKUP 

LTC694-3.3 

8 

2.90 

X 

X 

X 




LTC695-3.3 

16 

2.90 

X 

X 

X 

X 



LTC690 

8 

4.65 

X 

X 

X 




LTC691 

16 

4.65 

X 

X 

X 

X 



LTC694 

8 

4.65 

X 

X 

X 




LTC695 

16 

4.65 

X 

X 

X 

X 



LTC699 

8 

4.65 

X 






LTC1232 

8 

4.37/4.62 

X 




X 


LTC1235 

16 

4.65 

X 

X 

X 

X 

X 

X 
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LTC694-3.3/LTC695-3.3 


€l€CTRICRl CHARACTERISTICS 

Vqc = 3.3V, Vbatt = 2V, Ta = 25°C, unless otherwise noted. 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Battery Backup Switching 

Operating Voltage Range 







Vcc 


• 

3.0 


5.50 

V 

Vbatt 


• 

1.5 


2.75 

V 

Vout Output Voltage 

Iout = 1mA 


V CC -0.1 

Vcc -0.01 


V 



• 

V CC - 0.2 

V cc -o.oi 


V 


Iout = 50mA 

• 

V CC -0.8 

V cc -0.4 


V 

Vout in Battery Backup Mode 

Iout = 250(jA, Vqc < Vbatt 

• 

Vbatt -0.1 

Vbatt - 0.02 


V 

Supply Current (Exclude Iout) 

Iout - 50mA, Vqq = 3.6V 



0.2 

0.6 

mA 



• 


0.2 

1.0 

mA 

Supply Current in Battery Backup Mode 

Vcc = 0V, Vbatt = 2V 



0.04 

1 

pA 



• 


0.04 

5 

mA 

Battery Standby Current (+ = Discharge, - = Charge) 

3.6V > Vqc > Vbatt + 0-2V 


-0.02 


0.02 

mA 



• 

-0.10 


0.10 

pA 

Battery Switchover Threshold (Vqc - Vbatt) 

Power Up 



70 


mV 


Power Down 



50 


mV 

Battery Switchover Hysteresis 



20 

mV 

BATT ON Output Voltage (Note 4) 

■sink = SOOjoA 

• 

0.3 

V 

BATT ON Output Short-Circuit Current (Note 4) 

BATT ON = VguT> Sink Current 



25 


mA 


BATT ON = OV, Source Current 

• 

0.5 

1 

25 

pA 


Reset and Watchdog Timer 


Reset Voltage Threshold 


• 

2.8 

2.9 

3.0 

V 

Reset Threshold Hysteresis 



40 

mV 

Reset Active Time 

OSC SEL HIGH, V cc = 3V 


160 

200 

240 

ms 



• 

140 

200 

280 

ms 

Watchdog Time-Out Period, Internal Oscillator 

Long Period, Vcc = 3V 


1.2 

1.6 

2.0 

sec 



• 

1.0 

1.6 

2.25 

sec 


Short Period, Vcc = 3V 


80 

100 

120 

ms 



• 

70 

100 

140 

ms 

Watchdog Time-Out Period, External Clock (Note 5) 

Long Period, Vcc = 3V 

• 

4032 


4097 

Clock 


Short Period, Vcc = 3V 

• 

960 


1025 

Cycles 

Reset Active Time PSRR 



4 

ms /V 

Watchdog Time-Out Period PSRR, Internal OSC 

Short Period 



2 


ms /V 


Long Period 



32 


ms/V 

Minimum WDI Input Pulse Width 

V|l = 0.4V, V| H = 3V 

• 

200 

ns 

RESET Output Voltage at Vcc = IV 

IsiNK = 10pA, Vcc = IV 

• 


4 

200 

mV 

RESET and LOW LINE Output Voltage (Note 4) 

l S ,NK = 400pA, V CC = 2-8V 

• 



0.3 

V 


■SOURCE = 1mA, V C c = 3V 

• 

2.3 



V 

RESET and WDO Output Voltage (Note 4) 

IsiNK = 400pA, Vcc = 3V 

• 



0.3 

V 


■source -IpA, V C c = 2.8V 

• 

2.3 



V 

RESET, RESET, WDO, LOW LINE 

Output Source Current 

• 

1 

3 

25 

pA 

Output Short-Circuit Current (Note 4) 

Output Sink Current 



9 


mA 


/Tlin^AR 

TECHNOLOGY 


9-21 




LTC694-3 . 3/ LT C695-3 . 3 


€l€CTRICRl CHARACTERISTICS 

Vqc = 3.3V, Vbatt = 2V, Ta = 25°C, unless otherwise noted. 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

WDI Input Threshold 

Logic Low 

• 



0.4 

V 


Logic High 

• 

2.3 



V 

WDI Input Current 

WDI = Vout 

• 


4 

50 

mA 


WDI = OV 

• 

-50 

-8 


mA 

Power Fail Detector 





PFI Input Threshold 


• 

1.25 

1.3 

1.35 

V 

PFI Input Threshold PSRR 



! 03 

mV/V 

PFI Input Current 


• 


±0.01 

±25 

nA 

PFO Output Voltage (Note 4) 

•sink = SOOfiA 

• 



0.3 

V 


•source = IpA 

• 

2.3 



V 

PFO Short-Circuit Source Current (Note 4) 

PFI = HIGH, PFO = OV 

• 

1 

3 

25 

MA 


PFI = LOW, PF0 = V 0U t 



17 


mA 

PFI Comparator Response Time (Falling) 

AV,n = -20mV, V 0D = 15mV 


2 

MS 

PFI Comparator Response Time (Rising) (Note 4) 

AV| N = 20mV, V 0D = 15mV 



40 


MS 


with 10kQ Pullup 



8 


MS 


Chip Enable Gating 


CE IN Threshold 

V| L 

V|H 


0.45 

1.9 

V 

V 

CE IN Pullup Current (Note 6) 



3 

MA 

CE OUT Output Voltage 

•sink = 800|oA 

• 

0.3 

V 


•source = 400pA 

• 

Vout ~ 0-50 

V 


•source = 1mA, Vcc = 0V 

• 

Vout - 005 

V 

CE IN Propagation Delay 

C L = 20pF 

• 

30 50 

ns 

CE OUT Output Short-Circuit Current 

Output Source Current 


15 

mA 


Output Sink Current 


20 

mA 


Oscillator 


OSC IN Input Current (Note 6) 



±2 

MA 

OSC SEL Input Pullup Current (Note 6) 



5 

mA 

OSC IN Frequency Range 

OSC SEL = OV 

OSC SEL = OV, C 0 sc = 47 pF 

• 

0 

4 

125 

kHz 

kHz 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of device may be impaired. 

Note 2: All voltage values are with respect to GND. 

Note 3: For military temperature range parts, consult the factory. 

Note 4: The output pins of BATT ON, LOW LINE, PFO, WDO, RESET and 
RESET have weak internal pullups of typically 3|jA. However, external 
pullup resistors may be used when higher speed is required. 


Note 5: The external clock feeding into the circuit passes through the 
oscillator before clocking the watchdog timer. Variation in the time-out 
period is caused by phase errors which occur when the oscillator divides 
the external clock by 64. The resulting variation in the time-out period is 
64 plus one clock of jitter. 

Note 6: The input pins of CE IN, OSC IN and OSC SEL have weak internal 
pullups which pull to the supply when the input pins are floating. 
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Output Voltage vs Load Current 
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Power Fail Comparator 
Response Time 


Power Fail Comparator 
Response Time 



Power Failure Input Threshold 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


694/5-3.3 G03 
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Reset Active Time vs 
Temperature 


Reset Voltage Threshold vs 
Temperature 
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Vcc: 3.3V Supply Input. The Vcc pin should be bypassed 
with a 0.1 pF capacitor. 

Vout: Voltage Output for Backed Up Memory. Bypass with 
a capacitor of O.ljuF or greater. During normal operation, 
Vout obtains power from Vcc through an NMOS power 
switch, Ml , which can deliver up to 50mA and has a typical 
on resistance of 5£1 When V c c is lower than V B att, V 0 ut 
is internally switched to Vbatt- If Vout and Vbatt are not 
used, connect Vout to V C c- 

Vbatt: Backup Battery Input. When Vcc falls below Vbatt. 
auxiliary power connected to V B att. is delivered to Vqut 
through PMOS switch, M2. If backup battery or auxiliary 
power is not used, Vbatt should be connected to GND. 

GND: Ground Pin. 

BATT ON: Battery On Logic Output from Comparator C2. 
BATT ON goes low when Vout is internally connected to 
Vcc- The output typically sinks 25mA and can provide base 
drive for an external PNP transistor to increase the output 
current above the 50mA rating of Vout- BATT ON goes 
high when Vout is internally switched to Vbatt- 

PFI: Power Failure Input. PFI is the noninverting input to 
the power fail comparator, C3. The inverting input is 
internally connected to a 1 .3 V reference. The power failure 
output remains high when PFI is above 1 .3 V and goes low 
when PFI is below 1 .3 V. Connect PFI to GND or Vout when 
C3 is not used. 

PFO: Power Failure Output from C3. PFO remains high 
when PFI is above 1 .3 V and goes low when PFI is below 
1.3V . When Vcc is lower than Vbatt. C3 is shut down and 
PFO is forced low. 

RESET: Logic Output for pP Reset Control. Whenever Vcc 
falls below either t he rese t voltage threshold (2.90V, 
typically) or Vbatt. RESET goes active low. After V cc 
returns to 3.3V, the reset pulse generator forces RESET to 
remain active low for a minimum of 140ms. When the 
watchdog timer is enabled but not serviced prior to a 
preset time-o ut period, the reset pulse generator also 
forces RESET to active low for a minimum of 140ms for 


every preset time-out period (see Figure 11). The reset 
active time is adjustable on the LTC695-3.3. An external 
pushbu tton reset can be used in connection with the 
RESET output. See Pushbutton Reset in Applications 
Information section. 

RESET: Active High Logic Ouput. It is the inverse of 
RESET. 

LOW LINE: Logic Output from Comparator Cl . LOW LINE 
indicates a low line condition at the Vcc input- When Vcc 
falls below the reset voltage threshold (2.90V typically), 
LOW LINE goes lo w. As soon as Vcc rises above the reset 
voltage thr eshold, LOW LINE returns high (see Figure 1). 
LOW LINE goes low when Vcc drops below Vbatt (see 
Table 1). 

WDI: Watchdog Input. WDI is a three-level input. Driving 
WDI either high or low for long er t han th e watchdog time- 
out period, forces both RESET and WDO low. Floating WDI 
disables the watchdog timer. The timer resets itself with 
each transition of the watchdog input (see Figure 11). 

WDO: Watchdog Logic Output. When the watchdog input 
remains either high o r low for l onge r than the watchdog 
time-out period, WDO goes low. WDO is set high whenever 
there is a transition on the WDI pin, or LOW LINE goes low. 
The watchdog timer can be disabled by floating WDI (see 
Figure 11). 

CE IN: Logic Input to the Chip Enable Gating Circuit. CE IN 
can be derived from microprocessor’s address line and/or 
decoder output. See Applications Information section and 
Figure 5 for additional information. 

CE OUT: Logic Output on the Chip Enable Gating^Circuit. 
When Vcc is above thejeset voltage threshold, CE OUT is 
a buffered replica erf CE IN. When Vcc is below the reset 
voltage threshold CE OUT is forced high (see Figure 5). 

OSC SEL: Oscillator Selection Input. When OSC SEL is 
high orfloating, the internal oscillator sets the reset active 
time and watchdog time-out period. Forcing OSC SEL low, 
allows OSC IN to be driven from an external clock signal or 
an external capacitor can be connected between OSC IN 
and GND. 
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OSC IN: Oscillator Input. OSC IN can be driven by an 
external clock signal or an external capacitor can be 
connected between OSC IN and GND when OSC SEL is 
forced low. In this configuration the nominal reset active 
time and watchdog time-out period are determined by the 
number of clocks or set by the formula (see Applications 


Information section). When OSC SEL is high or floating, 
the internal oscillator is enabled and the reset active time 
is fixed at 200ms typical for the LTC695-3.3. OSC IN 
selects between the 1.6 seconds and 100ms typical 
watchdog time-out periods. In both cases, the time-out 
period immediately after a reset is 1 .6 seconds typical. 
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Microprocessor Reset 

The LTC694-3.3/LTC695-3.3 use a bandgap voltage refer- 
ence and a precision voltage comparator Cl to monitorthe 
3.3V supply input on Vcc (see Block Diagra m). Wh en \Iq q 
falls below the reset voltage threshold, the RESET output 
is forced to active low state. The reset volt age thr eshold 
accounts for a 1 0% variation on Vcc, so toe RESET output 
becomes active low when_Vcc_falls below 3.0V (2.9V 
typical). On power-up, the RESET signal is held active low 
for a minimum of 140ms after reset voltage threshold is 
reached to allow the power supply and microprocessor to 


Battery Switchover 

The battery switchover circuit compares Vcc to toe Vbatt 
input, and connects Vqut to whichever is higher. When 
Vcc rises t0 70mV above Vbatt, toe battery switchover 
comparator, C2, connects V 0 ut to V C c through a charge- 
pumped NMOS power switch, Ml. When Vcc falls to 
50mV above Vbatt, C2 connects Vouito Vbatt through 3 
PMOS switch, M2. C2 has typically 20mV of hysteresis to 
prevent spurious switching when Vcc remains nearly 
equal to Vbatt The response time of C2 is approximately 
20ps. 


Vcc y/ 

RESET 

^V2 

\ 

k_S£3 y 

VI = RESET VOLTAGE THRESHOLD ^ 
V2 = RESET VOLTAGE THRESHOLD + 
RESET THRESHOLD HYSTERESIS 








LOW LINE 



tl = RESET ACTIVE TIME 





694/5-3.3 F01 


Figure 1. Reset Active Time 


stabilize. The reset active time isa djustableonthe LTC695- 
3.3. On power-down, the RESET signal remains active low 
even with Vcc as l° w as IV. This capability helps hold the 
microprocessor in stable shutdo wn con dition. Figure 1 
shows the timing diagram of the RESET signal. 

The precision voltage comparator, Cl , typically has 40mV 
of hysteresis which e nsures that glitches at Vcc Pin do not 
activate the RESET output. Response time is typically 
10ns. To help prevent mistriggeringdueto transient loads, 
the V C c pin should be bypassed with a 0.1 pF capacitor with 
the leads trimmed as short as possible. 

The LTC69 5-3.3 has two additional outputs: RESET and 
LOW LIN E. RESET is an ac tive high output and is the 
inverse of RESET. LOW LINE is the output of the precision 
voltage comparat or Cl . Whe n Vcc fall s below th e reset 
voltage threshold, LOW LINE goes low. LOW LINE returns 
highassoon as Vcc rises above the reset voltage threshold. 


During normal operation, the LTC694-3.3/LTC695-3.3 
use a charge-pumped NMOS power switch to achieve low 
dropout and low supply current. This power switch can 
deliver up to 50mA to Vout from Vcc and has a typical on 
resistance of 5Q. The Vout Pin should be bypassed with 
a capacitor of 0.1 pF or greater to ensure stability. Use of 
a larger bypass capacitor is advantageous for supplying 
current to heavy transient loads. 

When operating currents larger than 50mA are required 
from Vout, or a lower dropout (Vcc - Vout voltage 
differential) is desired, the LTC695-3.3 should be used. 
This product provides BATT ON output to drive the base of 
an external PNP transistor (Figure 2). If higher currents 
are needed with the LTC694-3.3, a high current Schottky 
diode can be connected from the Vcc pin to the V 0 ut pin 
to supply the extra current. 
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ANY PNP POWER TRANSISTOR 



Figure 2. Using BATT ON to Drive External PNP Transistor 


V 0UT~ V BATT 

R 



Figure 3. Charging External Battery Through Vqut 


The LTC694-3.3/LTC695-3.3 are protected for safe area 
operation with short-circuit limit. Output current is limited 
to approximately 200mA. If the device is overloaded for a 
long period of time, thermal shutdown turns the power 
switch off until the device cools down. The threshhold 
temperature forthermal shutdown is approximately 1 55°C 
with about 10°C of hysteresis which prevents the device 
from oscillating in and out of shutdown. 

The PNP switch used in competitive devices was not 
chosen for the internal power switch because it injects 
unwanted current into the substrate. This current is col- 
lected by the Vbatt pin in competitive devices and adds to 
the charging current of the battery which can damage 
lithium batteries. The LTC694-3.3/LTC695-3.3 use a charge- 
pumped NMOS power switch to eliminate unwanted charg- 
ing current while achieving low dropout and low supply 
current. Since nocurrentgoes to the substrate, the current 
collected by Vbatt pin is strictly junction leakage. 

A 1 25£2 PMOS switch connects the Vbatt input to Vout in 
battery backup mode. The switch is designed for very low 
dropout voltage (input-to-output differential). This feature 
is advantageous for low current applications such as 
battery backup in CMOS RAM and other low power CMOS 
circuitry. The supply current in battery backup mode is 1 pA 
maximum. 

The operating voltage at the Vbatt pin ranges from 1 ,5V to 
2.75V. The charging resistor for rechargeable batteries 
should be connected to Vout si nce this eliminates the 
discharge path that exists when the resistor is connected 
to V C c (Figure 3). 


Replacing the Backup Battery 

When changing the backup battery with system power on, 
spurious resets can occur while the battery is removed 
due to battery standby current. Although battery standby 
current is only a tiny leakage current, it can still charge up 
the stray capacitance on the Vbatt pin. The oscillation 
cycle is as follows: When Vbatt reaches within 50mV of 
Vqc, the LTC694-3.3/LTC695-3.3 switch to battery backup. 
Vout pulls Vbatt low and the device goes back to normal 
operation. The leakage current then charges up the Vbatt 
pin again and the cycle repeats. 

If spurious resets during battery replacement pose no 
problems, then no action is required. Otherwise, a resistor 
from Vbatt to GND will hold the pin low while changing the 
battery. For example, the battery standby current is IpA 
maximum over temperature so the external resistor re- 
quired to hold Vbatt below Vcc is: 

D ^V cc -50mV 

R -“lpA 

With Vcc = 3 V, a 2.7M resistor will work. With a 2V battery, 
this resistor will draw only 0.7pA from the battery, which 
is negligible in most cases. 

If battery connections are made through long wires, a 1 0n 
to 1 00n series resistor and a 0.1 pF capacitor are recom- 
mended to prevent any overshoot beyond Vcc due to the 
lead inductance (Figure 4). 
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10Q 

I — O O WA r 

~E— O <j> 


Figure 4. 10Q/0.1|oF combination eliminates 
inductive overshoot and prevents spurious resets 
during battery replacement. The 2.7M pulls the V B att 
pin to ground while the battery is removed, 
eliminating spurious resets. 




"X 

X 


0.1 pF 


V BATT 

LTC694-3.3 

LTC695-3.3 


Table 1. Input and Output Status in Battery Backup Mode 


SIGNAL 

STATUS 

Vcc 

C2 monitors Vcc for active switchover. 

Vout 

Vout is connected to V B att through an internal PMOS switch. 

Vbatt 

The supply current is 1 juA maximum. 

BATT ON 

Logic high. The open-circuit output voltage is equal to Vout- 

PFI 

Power Failure Input is ignored. 

PFO 

Logic low 

RESET 

Logic low 

RESET 

Logic high. The open-circuit output voltage is equal to Vout- 

LOW LINE 

Logic low 

WDI 

Watchdog Input is ignored. 

WDO 

Logic high. The open-circuit output voltage is equal to Vout- 

CE IN 

Chip Enable Input is ignored. 

CEOUT 

Logic high. The open-circuit output voltage is equal to Vout- 

OSC IN 

OSC IN is ignored. 

OSCSEL 

OSC SEL is ignored. 


Table 1 shows the state of each pin during battery backup. 
When the battery switchover section is not used, connect 
Vbatt to GND and Vout to Vqq. 

Memory Protection 

The LTC695-3.3 includes memory protection circuitry 
which ensures the integrity of the data in memory by 
preventing write operations when Vqc is at invalid l evel. 
Two ad dit ional pins, CE IN and CE OUT, control the Chip 
Enable or Write inputs of CMOS RAM. When Vcc is 3.3V, 
CE OUT follows CE IN with a typical propagation delay of 
30ns. When Vcc falls below the reset voltage threshold m; 
Vbatt. CE OUT is forced high, independent ofCE I N. CE 
OUT is an alternative signal to drive the CE, CS, or Write 
input of battery back ed up C MOS R AM. CE OUT can also 
be used to drive the Store or Write input of an EEPROM, 
EAROM or NOVRAM to achieve similar protection. Figure 
5 shows the timing diagram of CE IN and CE OUT. 

CE IN can be derived from the microprocessor’s address 
decoder output. Figure 6 shows a typical nonvolatile 
CMOS RAM application. 

Memory prot ection c an also be achieved with the LTC694- 
3.3 by using RESET as shown in Figure 7. 

Power Fail Warning 

The LTC694-3.3/LTC695-3.3 generate a Power Failure 
Output (PFO) for early warning of failure in the 
microprocessor’s power supply. This is accomplished by 



Figure 5. Timing Diagram for CE IN and CE OUT 
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Figure 6. A Typical Nonvolatile CMOS RAM Application 
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Figure 7. Write Protect for RAM with LTC694-3.3 



LTC694-3 .3/LTC695-3 .3’s Power Fail Comparator 



Figure 9. Monitoring Regulated DC Supply with the 
LTC694-3.3/LTC695-3.3’s Power Fail Comparator 


comparing the power failure input (PFI) with an internal 
1.3V reference. 

PFO goes low when the voltage at the PFI pin is less than 
1 ,3V. Typically PFI is driven by an external voltage divider 
(R1 and R2 in Figures 8 and 9) which senses either an 
unregulated DC input or a regulated 3.3 V output. The 
voltage divider ratio can be chosen such that the voltage 
at the PFI pin falls below 1 ,3V several milliseconds before 
the 3.3 V supply falls below the maximum reset voltage 
threshold 3.0V. PFO is normally used to interrupt the 
microprocessor to execute shutdown procedure between 
PFO and RESET or RESET. 

The power fail comparator, C3, does not have hysteresis. 
Hysteresis can be added however, by connecting a resis- 
tor between the PFO output and the noninverting PFI input 
pin as shown in Figures 8 and 9. The upper and lower trip 
points in the comparator are established as follows: 

When PFO output is low, R3 sinks current from the 
summing junction at the PFI pin. 


V h =1.3V 




When PFO output is high, the series combination of R3 and 
R4 source current into the PFI summing junction. 


V L = 1 ,3V 



(3.3V-1 .3V) Rl^j 
1.3V(R3 + R4) J 


Assuming R4« R3 . v hysteresis =33V r3 

Example 1 : The circuit in Figure 8 demonstrates the use of 
the power fail comparator to monitor the unregulated 
power supply input. Assuming the the rate of decay of the 
supply input Vim is 1 0OmV/ms and the total time to execute 
a shutdown procedure is 8ms. Also the noise of V|w is 
200mV. With these assumptions in mind, we can reason- 
ably set Vl = 5 V which is 1.6V greater than the sum of 
maximum reset voltage threshold and the dropout voltage 
of the LT1 1 29-3.3 (3 V + 0.4V) and V H ysteresis = 850mV. 
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p 1 

^HYSTERESIS = 3 - 3V ™ = 850mV 


R3 - 3.88 R1 

Choose R3 = 200k and R1 = 51k. Also select R4 = 10k 
which is much smaller than R3. 


5V=1.3V 



(3.3V-1 3V)51k^i 
1.3V(210k) J 


R2 = 1 5.8k, Choose nearest 5% resistor 1 6k and recalcu- 
late Vl, 


V l = 1.3V 1 + 


u ho wn 51k 51k 

V " = 1 ' 3 'T + i6k + 200k 


51k (3.3V-1.3V)51k"| 

16k 1.3V(210k) J 

= 5.77V 


= 4.96 V 


(4.96V -3.4 V) 
lOOmV/ms 


15.6ms 


^hysteresis = 5.77V - 4.96V = 81 OmV 


The 15.6ms allows enough time to execute shutdown 
procedure for microprocessor and 81 OmV of hysteresis 
would prevent PFO from going low due to the noise of Vim. 

Example 2: The circuit in Figure 9 can be used to measure 
the regulated 3.3V supply to provide early warning of 
power failure. Because of variations in the PFI threshold, 
this circuit requires adjustment to ensure the PFI com- 
parator trips before the reset threshold is reached. Adjust 
R5 such that the PFO output goes low when the Vcc supply 
reaches the desired level (e.g., 3.1V). 


Monitoring the Status of the Battery 

C3 can also monitor the status of_the memory backup 
battery (Figure 1 0). If desired, the CEOUT can be used to 
apply a test load to the battery. Since CE OUT is forced high 
in battery backup mode, the test load will not be applied to 
the battery while it is in use, even if the microprocessor is 
not powered. 


3.3V 



LOW BATTERY SIGNAL 
TO [IP I/O PIN 


I/O PIN 


694/5-35 F10 


Figure 10. Backup Battery Monitor with Optional Test Load 


Watchdog Timer 

The LTC694-3.3/LTC695-3.3 provide a watchdog timer 
function to monitor the activity of the microprocessor. If 
the microprocessor does not toggle t he watc hdog input 
(WDI) within a seleced time-out period, RESET is forced to 
active low for a minimum of 140ms. The reset active time 
is adjustable on the LTC695-3.3. Since many systems can 
not service the watchdog timer immediately after a reset, 
the LTC695-3.3 has a longer time-out period (1 .0 second 
minimum) right after a reset is issued. The normal time- 
out period (70ms minimum) bec omes ef fective following 
the first transition of WDI after RESET is inactive. The 
watchdog time-out period is fixed at 1 .0 second minimum 
on the LTC694-3.3. Figure 11 shows the timing diagram of 
watchdog time-out period and reset active tim e. The 
watchdog time-out period is restarted as soon as RESET 
is inactive. When either a high-to-low or low-to-high 
transition occurs at the WDI pin prior to time-out, the 
watchdog time is reset and begins to time out again. To 
ensure the watchdog time does nottime out, either a high- 
to-low or low-to-high transition on the WDI pin must 
occur at or less than the minimum time-out period. If the 
input to the WDI pin remains either high or low, reset 
pulses will be issued every 1.6 seconds typically. The 
watchdog time can be deactivated by floating the WDI pin. 
The timer is also disabled when Vcc falls below the reset 
voltage threshold or Vbatt- 
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APPLICATION MFOAmATIOn 

V CC = 3.3V 



Figure 11 . Watchdog Time-Out Period and Reset Active Time 


EXTERNAL CLOCK 


EXTERNAL OSCILLATOR 



INTERNAL OSCILLATOR INTERNAL OSCILLATOR 

1.6 SECOND WATCHDOG 100ms WATCHDOG 



694/5-3.3 FI 2 

Figure 12. Oscillator Configurations 



The LTC 695-3 .3 provides an additional output (Watchdog 
Output, WDO) which goes low if the watchdog timer is 
allowed to time out and remai ns low until set high by the 
next transition on the WDI pin. WDO is also set high when 
V C c falls below the reset voltage threshold or Vbatt- 

The LTC695-3.3 has two additonal pins, OSC SEL and OSC 
IN, which allow reset active time and watchdog time-out 
period to be adjusted per Table 2. Several configurations 
are shown in Figure 12. 


OSC IN can be driven by an external clock signal or an 
external capacitor can be connected between OSC IN and 
GND when OSC SEL is forced low. In these configurations, 
the nominal reset active time and watchdog time-out 
period are determined by the number of clocks or set by 
the formula in Table 2. When OSC SEL is high or floating, 
the internal oscillator is enabled and the reset active time 
is fixed at 140ms minimum for the LTC695-3.3. OSC IN 
selects between the 1 second and 70ms minimum normal 
watchdog time-out periods. In both cases, the time-out 
period immediately after a reset is at least 1 second. 


XrUHH* 
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Table 2. LTC695-3.3 Reset Active Time and Watchdog Time-Out Selections 




WATCHDOG TIME-OUT PERIOD | 

RESET ACTIVE TIME 

OSC SEL 

OSC IN 

NORMAL 
(Short Period) 

IMMEDIATELY 
AFTER RESET 
(Long Period) 

LTC695-3.3 

Low 

External Clock Input 

1024 CLKs 

4096 CLKs 

2048 CLKs 

Low 

External Capacitor* 

■H i 

X 

o 

1 .6 sec 0 

70pF xC 

800ms r 

70pF XL 

Floating or High 

Low 

100ms 

1.6 sec 

200ms 

Floating or High 

Floating or High 

1 .6 sec 

1.6 sec 

200ms 


*The nominal internal frequency is 10.24kHz. The nominal oscillator frequency with external capacitor is Fosc (Hz) = l§i£2? 

C(pF) 


Pushbutton Reset 

The LTC694-3.3/LTC695-3.3 do not provide a logic input 
for direct connection to a pushbutton. However, a 
pushbu tton in series with a 1 00C2 resistor connected to the 
RESET output pin (Figure 13) provides an alterna tive for 
manual reset. Connecting a 0.1 pF capacitor to the RESET 
pin debounces the pushbutton input. 

The 100C2 resistor in series with the pushbutton is re- 
quired to prevent the ringing, due to the capacitance and 
lead inductance, from pulling the RESET pins of the MPU 
and LTC69X below ground. 





RESET 

V(£ RESET 


T 

LTC694-3.3 

_ 

H 0.1 pF ^100Q 

MPU 

LTC695-3.3 


H 

(e.g. 68HC05) 

GND 




"X 

- 

i 

694/5-3.3 FI 3 


Figure 13. The External Pushbutton Reset 


tvpicm. nppucRTions 


Capacitor Backup with 74HC4016 Switch 
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Write Protect for Additional RAMs 



694/5-3.3 TA04 
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COMPARATOR SELECTION GUIDE 


Comparators 


Response 

Vos (MAX) 

TTL 

OUTPUTS 

ECL 

OUTPUTS 

DUAL 

GROUND 

SENSE 

MICRO- 

POWER 

ADDITIONAL COMMENTS 

Time 

20mV 

3mV 

2.5mV 

2mV 

1.5mV 

ImV 

0.5mV 

100(js 







LTC1040 



LTC1040 

LTC1040 

LTC1040 

Sampling: Consumes 1 .5^W at 

1 Sample/Sec. 







LTC1041 




LTC1041 

LTC1041 

Bang-Bang Controller: 1 .5|iW at 

1 Sample/Sec. 






LTC1042 





LTC1042 

LTC1042 

Sampling Window Comp.: 
1.5|iWat1 Sample/Sec. 

15)iis 






LT1017 




LT1017 

LT1017 

LT1017 

60pA Max. Icc/Operates to 1.1V 

4|iS 






LT1018 




LT1018 

LT1018 

LT1018 

250pA Max. Icc/Operates to 1 .IV 

250ns 





LT1011 


LT1011A 






12-Bit Accurate 

14ns 

LT1015 







LT1015 


LT1015 



High Speed Two-Channel Line 
Receiver 


LT1116 






LT1116 



LT1116 


Ground Sense/Single Supply 

12ns 



LT1016 





LT1016 





No Min. Input Slew Rate 
Requirement/Latched Output 

6.5ns 




LT685 





LT685 




Latched Outputs 


LT1017 Provides Lower Power Operation than CMOS 
as input Frequency Increases 



FREQUENCY (kHz) 
tQUTPUTS UNLOADED, T A = 25°C 


LT1016 Doesn’t Oscillate with Slowly Changing Input Signals 
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F€ATUR€S 

■ Maximum Offset Voltage ImV 

■ Maximum Bias Current 15nA 

■ Typical Output Drive 70mA 

■ Operates from 1.1V to 40V 

■ Internal Pull-Up Current 

■ Output Can Drive Loads Above V + 

■ 30jtA Supply Current (LT101 7) 

1 10/iA Supply Current (LT1018) 


APPUCATIORS 

■ Power Supply Monitors 

■ Relay Driving 

■ Oscillators 


LT1017/LT1018 


Micropower Dual Comparator 


DCSCRIPTIOR 

The LT1017 and LT1018 are general purpose micropower 
comparators. The LT1017 is optimized for lowest operat- 
ing power while the LT1018 operates at higher power and 
higher speed. Both devices can operate from a single 1.1V 
cell up to 40V. The output stage includes a class “B" pull- 
up current source, eliminating the need for an external re- 
sistive pull-up and saving power. The output stage is also 
designed to allow driving loads connected to a supply 
more positive than the device, as can comparators with 
open collector output stages. 

Input specifications are also excellent. On-chip trimming 
minimizes offset voltage, while high gain and common- 
mode rejection ratio keep other input-referred errors low. 
Common-mode voltage range includes ground. Special cir- 
cuitry prevents false output states even if the input is 
overdriven. 

The LT1017 and LT1018 are pin compatible with older dual 
comparators such as 393 type devices. 


1.5V Powered Refrigerator Alarm 


Supply Current 
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LT1017/LT1018 


rbsolutc maximum bbtipgs 


Supply Voltage 40V 

Differential Input Voltage 40V 

Input Voltage -0.3V to 40V 

Short Circuit Duration Indefinite 

Storage Temperature Range -65°C to 150°C 


Operating Temperature Range 

LT1017M, LT1018M -55 C to 1 25 C 

LT1017C, LT1018C 0 C to 70 C 

LT1017I, LT1018I -40°C to 85°C 

Lead Temperature (Soldering, 1 0 sec) 300°C 


pncKflG€/ORD€ft inponmnnon 



V" 

H PACKAGE 

8-LEAD TO-5 METAL CAN 


ORDER PART NUMBER 


LT1017MH 

LT1017CH 

LT1018MH 

LT1018CH 


TOP VIEW 

OUT A 
-IN A 
+IN A 
V“ 

N8 PACKAGE 
8-LEAD PLASTIC DIP 



ORDER PART NUMBER 


LT1017CN8 

LT1018CN8 


Tjmax = 1 00°C, 0j A = 1 30°C/W 


Tjmax = 150°C, 0JA = 1 50°C/W, 6j C = 45°C/W 


TOP VIEW 


+ IN A |T 
V - X 
+INB [Y 
-IN B [T 


X -IN A 
jJ OUT A 

X v + 

X OUT B 


S8 PACKAGE 
8-LEAD PLASTIC SO 
(0.150" BODY WIDTH) 

NOTE: PINOUT ON S8 PACKAGE DOES 
NOT MATCH 8 PIN DIP PINOUT. 


Tjmax = 100°C, 0ja = 190°C/W 


ORDER PART NUMBER 


LT1017CS8 

LT1017IS8 

LT1018CS8 


TOP VIEW 


NC \T 


^ 


NC pT 



X NC 

OUT A [T 



u] V + 

-IN A \T 



X OUT B 

+IN A |X 



X “IN B 

V" [X 



X +IN B 

NC [X 



X NC 

NC X 



X NC 


S PACKAGE 
16-LEAD PLASTIC SOL 


Tjmax = 100°c, e JA = 130°C/W 


ORDER PART NUMBER 


LT1017CS8 

LT1017CS 

LT1018CS 

LT1017IS 

LT1017IS8 


PART MARKING 


1017CS 
1018CS 
101 7IS 


€l€CTRICRl CHRRRCTCRISTICS 


PARAMETER 

CONDITIONS 

LT1017 
MIN TYP 

MAX 

LT1018 
MIN TYP 

1 

MAX 

UNITS 

Offset Voltage 

±0.75V < V s < +20V 

25°C 

0.4 

1 

0.4 

1 

mV 

(Note 1) 

• 

0.5 

1.4 

0.5 

1.4 

mV 



125°C 


1.5 

0.7 

1.5 

mV 

Bias Current 

±0.75V < V s < ±20V 

25°C 

5 

15 

15 

75 

nA 


• 

7 

25 

18 

100 

nA 



125°C 

10 

40 


110 

nA 

Offset Current 

±0.75V < V s < ±20V 

25°C 

0.4 

2 

1 

8 

nA 


• 

0.5 

3 

1.6 

12 

nA 



125°C 


12 


20 

nA 
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LT1017/LT1018 


€L€CTRICI1L CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

LT1017 

TYP 

MAX 

MIN 

LT1018 

TYP 

MAX 

UNITS 

Common-Mode Rejection Ratio 

V s = ±20V,-20V<V C m<19.1V 

25°C 

105 

115 


105 

115 


dB 



• 

100 

115 


100 

115 


dB 



125°C 

86 

100 


95 

110 


dB 

Power Supply Rejection Ratio 

±0.75V < V s < ±20V 

25°C 

96 

110 


96 

110 


dB 



• 

95 

105 


95 

105 


dB 



125°C 

86 



86 

100 


dB 

Gain 

No Load, V 0UT = ±1 9.9V (Note 2) 

25°C 

110 

115 


110 

125 


dB 



• 

105 

115 


105 

120 


dB 



125°C 

100 



100 



dB 


R L = 4k, Vqut = ±1 9V 

25°C 

100 

110 


100 

110 


dB 



• 

94 



94 



dB 

Output Sink Current 

V + = 4.5V, V - = 0 

25°C 

30 

65 


35 

70 


mA 


Overdrive > 30mV 

• 

25 

50 


25 

50 


mA 



125°C 

10 

20 


10 

30 


mA 

Output Source Current 

V + = 40V, V = 0 

25°C 

30 

75 


75 

250 


pA 


V||\| = 5mV, V 0U t = 0.4V 

• 

25 

70 


50 

220 


pA 



125°C 

25 

75 


50 

200 


mA 

Output Source Current 

V + = 1.2V, V“ = 0 

25°C 

25 

35 


70 

140 


pA 


Vim = 5mV, Vqut = 0.4V 

• 

15 

20 


45 

120 


pA 



125°C 

25 

40 


40 

110 


mA 

Negative Output Saturation 

l 0UT = 0 V + = 4.5V, V - = 0 

25°C 


5 

20 


5 

15 

mV 


= 0.1mA V| N = -10mV 

25°C 


35 

60 


35 

60 

mV 


= 1mA 

25°C 


60 

120 


60 

120 

mV 


= 10mA 

25°C 


120 

200 


120 

250 

mV 


= 30mA 

25°C 


350 

600 


350 

700 

mV 


loUT = 0 

• 


5 

20 


8 

20 

mV 


= 0.1mA 

• 


40 

75 


35 

70 

mV 


= 1mA 

• 


75 

150 


70 

150 

mV 


= 10mA 

• 


150 

300 


150 

300 

mV 


= 30mA 

• 


600 

900 


500 

900 

mV 


•out = 9 

125°C 


25 

50 


10 

40 

mV 


= 0.1mA 

125°C 


60 

100 


60 

100 

mV 


= 1mA 

125°C 


100 

200 


110 

200 

mV 


= 10mA 

125°C 


300 

600 


300 

400 

mV 


= 30mA 

125°C 





900 


mV 

Positive Output Saturation 

■out = ° 

25°C 


40 

80 


35 

80 

mV 


= IOjoA 

25°C 


175 

250 


175 

250 

mV 


= 0 

• 


45 

90 


45 

90 

mV 


= 1 OjliA 

• 


190 

300 


190 

300 

mV 


= 0 

125°C 


50 

100 


50 

100 

mV 


= 10pA 

125°C 



300 



300 

mV 

Leakage Current 

V S = 5V, Vqut = 40V 

25°C 


0.5 

3 


1 

8 

pA 


V|n = lOOmV 

• 


0.6 

3 


1.8 

10 

pA 



125°C 



5 



15 

pA 

Supply Current 

V s = 5 V 

25°C 


30 

60 


110 

250 

pA 



• 


40 

80 


110 

250 

pA 



125°C 



80 



300 

PA 


V s = 40V 

25°C 


40 

90 


130 

250 

pA 



• 


55 

100 


140 

270 

pA 



125°C 



100 



300 

pA 

Minimum Operating Voltage 

Iqut = "■ m A 

25°C 



1.15 



1.2 

V 



• 



1.15 



1.2 

V 



125°C 



1.15 



1.2 

V 


The • denotes specifications which apply over operating temperature Note 1 : Offset voltage is guaranteed over a common-mode voltage range 

range of -55°C to 85°C for M grade parts and 0°C to 70°C for C grade of V~ < V| N < (V + -0.9V). 

P arts - Note 2: No load gain is guaranteed but not tested (LT1017 only). 
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OUTPUT CURRENT LIMIT (mA) 













LT1017/LT1018 


APPLICATION 

LT1018 Op Amp, Ay =100 


V i R l = 100k 

l lOkfl £ 150 BANDWIDTH =30Hz 

| f — SLEW=320V/ms 

j “■* — o 22uF +SLEW=0.93V/ms 

L "T" ' ‘WITH R1 =1k 

" ^ BANDWIDTH s200Hz 


l T 

Negative Voltage Regulator 


[2. JXJl50 p F ZII < 510kfi 

.1 1 - - V 0UT 


lOOkfi < IkQ < 


T 

5V Power Supply Monitor 



OUTPUT HIGH FOR 
4.5V<V)m<5.5V 


LT1017 Op Amp, A v = 100 



-SLEW = 23.5V/ms 
+ SLEW = 0.01 7V/ms 
BANDWIDTH =0.3Hz@R L = 220k 


2-Wire Comparator 



r 

220/iF 

i — 

— N pv-r 




1N4148 (4) 



ltioi^N, 

1 14 n 14 



2 ; m? 



— V,N 




3V < V supply — ^0V 
4.7k 


1 OUTPUT 

3V<VsupplY^ 4 0 v 


Precise Tri-Wave Generator 


OUTPUT VALID 
1.1V 



TRIANGLE WAVE 
OUTPUT (0.5V TO 2.5V) 


SQUARE WAVE 
OUTPUT 
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Fully Isolated Limit Comparator 


5 V 
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L TC1043CS, Dual Precision Instrumentation Switched Capacitor Building Block ’90DB 11 -31 

LT1088, Wideband RMS-DC Converter Building Block ’90DB 11-33 


11-2 


rrimrn 

TECHNOLOGY 




SPECIAL FUNCTIONS 


Analog Switches 

Family Features 

■ Micropower: 40 jiA Max Supply Current 

■ Single 5V or ±15V Operation 

■ 8pC Charge Injection 

■ Low ON Resistance 

■ Low Leakage 

■ Guaranteed Break Before Make 


PART 

NUMBER 

NUMBER OF 
CHANNELS 

LATCHED 

INPUTS 

MAX ON 
RESISTANCE 

MAX INPUT 
AND OUTPUT 
OFF LEAKAGE 

MAX 

SUPPLY 

CURRENT 

MAX 

Ton/^OFF 

FEATURES 

LTC201A 

4 


12512 

5nA 

40pA 

400ns/300ns 

Lower ON Resistance, Charge Injection, Supply Current 
Than DG201 A. Single 5V to ±1 5 V Supply Operation 

LTC202 

4 


12512 

5nA 

40p,A 

400ns/300ns 

Lower ON Resistance, Charge Injection, Supply Current 
Than DG202. Single 5V to ±15V Supply Operation 

LTC203 

4 


12512 

5nA 

40jxA 

400ns/300ns 

Low ON Resistance, Charge Injection, Supply Current 

LTC221 

4 

X 

9012 

5nA 

40|iA 

400ns/300ns 

Lower Charge Injection, Supply Current Than DG221 

LTC222 

< , 

X_J 

9012 

5nA 

40jaA 

400ns/300ns 

Lower Charge Injection, Supply Current Than DG222 


Other Products 


PART NUMBER 

DESCRIPTION 

PACKAGE 

OPTIONS 

FEATURES 

LF198(A)/LF398(A) 

Sample-and-Hold Amplifier 

H, J8, N8, S 

12-Bit Accurate (LF198A), 6ps Acquisition Time, 0.005% Max Gain Error. 

LM134/LM334 

Adjustable Current Source 

H, Z, S8 

IpAto 10mA Adjustment Range, Floating Current Source, 0.02%/V 
Regulation, Can Be Used as Temperature Sensor. 

LT1025 

Thermocouple Cold Junction Compensator 

J8, N8 

Provides 0°C Cold Junction Compensation of Types E, J, K, R, S, T 
Thermocouples. Low Supply Current (80pA) and Operates with Single 4 V 
to 36V DC Supply. 

LT1088 

RMS to DC Converter 

D, N 

Thermal RMS to DC Conversion Permits 1% Accuracy to 50MHz, 2% to 
100MHz and Handles Crest Factor up to 50:1. 

LTC1043 

Precision Switched-Capacitor Building Block 

D, N, S 

120dB CMRR, when Used as Instrumentation Front End, Allows Switched- 
Capacitor Design Techniques at Board Level. 

LTK001 

Thermocouple Cold Junction Compensator 
Matched Amplifier 

J, N 

LT1025 with Matched Amplifier (LTKA00 or LTKA01) Provides Lower Error 
Specs than Using Worst Case Errors of LT1025 and Standard Precision Op 
Amp. 
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NOTE 

Military product data sheets are available from your local LTC 
Sales Representative, or by calling LTC Communications at 
(800) 637-5545. 
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MILITARY PRODUCTS 


LINEAR TECHNOLOGY MILITARY PRODUCTS/ 
PROGRAMS 

Linear Technology Corporation (LTC) offers a com- 
prehensive range of high performance analog/linear 
integrated circuits including; Data Converters, Interface 
devices, High Speed Amplifiers, Precision Operational 
Amplifiers, Comparators, Voltage References, DC-DC 
Converters, Switches, Voltage Regulators, Switching 
Regulators, PWMs, and other special function products 
serving the rigorous demands of the military marketplace. 

The Company’s specification system, quality procedures 
and policies were set up from the beginning to meet the 
exacting demands of MIL-Q-9858 (Quality Program 
Requirements), MIL-l-45208 (Inspection System 
Requirements), MIL-M-38510 (General Specification for 
Microcircuits), MIL-STD-976 (Certification Requirements 
for Microcircuits), MIL-STD-883 (Test Methods and 
Procedures for Microelectronics) and more recently the 
ISO 9000 (Internal Standards for Quality Management). 

In addition, the Company has introduced a line of radiation 
tolerant devices which are offered with two different in- 
house levels of enhanced reliability processing to serve 
ground, air and/or space applications, including customer 
generated Source Controlled Drawings (SCDs) for a vari- 
ety of missions. 

LTC’s military programs include: 

• JAN Class S 

• JAN Class B 

• Standard Military Drawings (SMDs) 

• 883 

• Hi-Rel (SCDs) 

• LTC “RH", Radiation hardened devices 


LTC JAN 

At the end of 1 969, the Solid State Applications Branch of 
the Rome Air Development Center (RADC) issued the first 
copy of MIL-M-38510. This general specification 
for microcircuits established the procedures that a 
manufacturer must follow to have products listed on the 
Qualified Parts List (QPL). 

One major problem faced by defense contractors using 
semiconductor devices was the inability to interchange 
devices caused by a proliferation of non-standard electrical 
specifications. The 38510 (JAN) program addressed this 
problem by publishing detailed electrical specifications 
(slash sheets) for each component to be listed on the QPL. 

JAN devices are completely processed inthe United States 
or its territories and all wafer fabrication, wafer sort, 
assembly, testing, and conformance testing are performed 
onshore. 

In August 1984, LTC was visited by a team of Defense 
Electronics Supply Center (DESC) personnel. This team 
spent almost four days auditing LTC and at the end of the 
visit they awarded the Company “Class B Line Certifica- 
tion.” This was a first for any company to receive this 
distinction on their first audit! 

In early 1985, LTC joined the ranks of the eighteen 
existing QPL suppliers. Of these eighteen, only a handful 
of suppliers participate in the linear military JAN market. 
LTC believes its analog design experience and manufac- 
turing strength has and will continue to make significant 
contributions to this market. 
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LTC ’s first QPL listing was achieved in February 1 985, one 
year after the Company made JAN Class B a corporate 
goal. Other companies have typically taken 2 to 3 years to 
achieve this status. The line certification and QPL approv- 
als were awarded to MIL-M-38510 and MIL-STD-883 
specifications. Since that time the Company has been re- 
audited to the latest revisions of these specifications and 
has maintained an uninterrupted certification record for 
the manufacture of JAN QPL products. 

I n November 1 987, LTC was audited by a team from DESC, 
Naval Weapons Support Center and Aerospace Corpora- 
tion and was awarded “Class S Line Certification.” 

LTC ’s policy of providing JAN linear components supports 
the United States Government’s position of standardization 
to decrease the number of active part types maintained by 
DESC. This number is currently in excess of 85,000 for all 
types of components (contrasted to approximately 8,000 
industry standard components). Standardization will clearly 
decrease costs and assist in the maintenance of military 
weapons systems and equipment now in the field. 


LTC maintains its JAN product offerings under the current 
revision of MIL-l-38535, Appendix A. LTC now offers 45 
products listed on the Class B Qualified Parts List (Part 1 ) 
and 40 products on the Class S Qualified Parts List 
(Part 1 ). To receive an updated copy of LTC’s current JAN 
QPL product offering, contact your local LTC sales office 
or LTC Military Marketing. 

For JAN Flows see Figure 1 and Figure 2. 

LTC Standard Military Drawings 

DESC drawings were initiated in 1976 to standardize the 
electrical requirements for full temperature-tested mili- 
tary components. These DESC drawings (or minispecs) 
were initially issued for low power Schottky devices (54LS) 
used by defense subcontractors on the Air Force’s FI 6. 
The program accomplished standardization of testing, 
without the delays associated with the qualification pro- 
cess for JAN components. 



Figure 1. MIL-M-38510 Class B Flow 
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MIL-STD • 02 


Figure 2. MIL-M-38510 Class S Flow 


The DESC drawing was viewed as a preliminary specifica- 
tion priorto JAN approval, and it ranks second in the order 
of purchasing hierarchy to JAN. This order is defined in 
Requirement 64 of MIL-STD-454. If a JAN part is available, 
it is still preferred, however, there are many types of 
devices where the volume is such that the cost of afull JAN 
qualification may not be justified, but where a need exists 
for electrical standardization. 

CMOS and analog circuits were added to the DESC Draw- 
ing Program in 1977, 1978 and 1979, but widespread 


acceptance of these parts was not achieved. Today with 
more emphasis being placed on standardization, the inter- 
est level in DESC drawings has accelerated. This category 
of product can be built offshore with 883-level processing 
and the electrical parameters are tested specifically to the 
DESC drawing. 

To provide parts to a DESC drawing, a manufacturer has 
to have at least one part on the 38510 QPL. He must also 
provide DESC with a certificate of compliance agreeing to 
the tests and conditions listed on the drawing. 
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OF ALTERNATE SOURCES TO DESC-ECS 
AT TIME OF SUBMISSION OF C OF C 


Figure 3. SMD Preparation Flowchart 


In 1986a newprogram named Standard Military Drawings 
(SMDs) was launched by DESC. This replaced the previ- 
ous DESC Drawing Program. This new program is aimed 
directly at standardizing electrical requirements with the 
objective to decrease the time required to issue a military 
drawing. To achieve this, we have set up a computer 
link-up with the DESC Standardized Mil Drawing Group. 
LTC is actively supporting this Standard Military Drawing 
program and we are working closely with DESC and OEMs 
to participate in this government plan toward a greater 
level of standardization in military specifications. 

LTC has over 134 devices listed on DESC and Mil draw- 
ings, and we are actively supporting these standardization 
programs by having parts available off the shelf from LTC 
and from distribution outlets. 

For SMD Flow see Figure 3. 

SMDs Get A New Part Numbering System 

A new numbering system has been introduced to stan- 
dardize the part numbering system for JAN 38510 and 
SMD (Standard Military Drawing) products. 


Under the new system, the SMD number 5962- 
XXXXXZZ(_)YY will be used, with a minor change for the 
38510 qual’d devices. This will make one part have one 
part number with just the grade identification being 
different (M = SMD, B = JAN B and S = JAN S). An example 
of this follows: 


Old System 


LTC PART NUMBER 

“OLD” SMD NO. 

JAN PART NUMBER 

LT1 021 CMH-5/883 

5962-8876202GA 

JM38510/1 2407BGA 

New System 

LTC PART NUMBER 

“NEW” SMD ONE PART NUMBER SYSTEM 

LT1 021 CMH-5/883 

5962-8876202(M, B or S)GA 


This was implemented on January 1, 1990, for all SMDs 
and slash sheets created after this date. Devices listed or 
approved in the past will retain their respective existing 
part numbers. 
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LTC MIL-STD-883 Product 

The semicondutcor industry 883 designation on military 
semiconductor components established a defacto stan- 
dard in response to a significant demand from the military 
defense contractors. The Government recognized the 
existence of 883 components in the recent revisions of 
MIL-STD-883. Requirements for compliant 883 compo- 
nents are now defined very specifically in paragraph 1 .2.1 
of this document. 

MIL-STD-883 is atest procedures and methods document 
which is revised periodically and defines the conditions 
for two categories of product, Class B and Class S. Class 
B is intended for applications where maintenance is difficult 
or expensive and where reliability is vital. Class S is 
intended for space and critical applications where 
replacement is extremely difficult or impossible and where 
reliability is imperative. 

On December 31 , 1984, a key clause was added to MIL- 
STD-883, “paragraph 1 .2.1 .” This states that if a manufac- 
turer advertises, certifies, or marks parts as compliant 
with MIL-STD-883 those parts must meet all ofthe provi- 
sions of MIL-STD-883, a practice consistent with “T ruth in 
Advertising.” 

According to the Defense Electronics Supply Center (a 
branch of the Defense Department’s Logistics Agency), 
the intent of paragraph 1.2.1 was to link MIL-STD-883 
with the controls and details contained in MIL-M-38510, 
and, by extension, MIL-l-38535, Appendix A. 

LTC can state that all of its 883 products are in full 
compliance with the latest revision of MIL-STD-883. We 
have over 333 versions of our 883 products listed in our 
current catalog, including operational amplifiers, voltage 
regulators, voltage references, comparators, and our ad- 
vanced line of proprietary CMOS circuits. 


Table 1. LTC 883 Group A Sampling Plan 


TEST 

CONDITION 

883 

SAMPLE SIZE 

ACCEPT 

DC Parametric 

T a = 25°C 

116 

0 

DC Parametric 

T a = -55°C 

116 

0 


+125°C 

116 

0 

AC Parametric 

T a = 25°C 

116 

0 


LTC Hl-Rel (SCDs) 

LTC recognizes the need for Source Controlled Drawings 
(SCDs) and the Company’s DESC-certified line is well 
equipped to handle these requirements for space and 
hi-rel applications. The Company has a comprehensive 
specification review procedure and emphasis is placed on 
compliance to test methods and procedures. Over 8,000 
specifications have been reviewed to date with fast feed- 
back to our customers. 

LTC has serviced SCD orders including “S” level specifica- 
tions with an emphasis on compliance with customer 
purchase order requirements and on-time delivery perfor- 
mance. A dedicated SL traveller is initiated to baseline 
the manufacturing and test flow requirements to service 
each order. 

LTC’s Product Marketing Group can provide you with 
more details on a case-by-case basis. 

LTC’s Radiation Hardness Program 

LTC has developed a proprietary design/wafer fabrication 
process for RAD HARD (RH prefix) products, comple- 
mented by a separate set of RH data sheets. Each RH data 
sheet specifies the end point electrical test requirements 
for Total Dose irradiation testing performed on a sample 
basis in accordance with MIL-STD-883 Method 1019. We 
offer in certain cases, the option of using the slash sheet 
electricals for the pre-radiation test limits instead of the 
LTC RH data sheet electricals. But in all cases the post- 
radiation electricals are per LTC’s RH data sheets. 

Due to the unique wafer processing required to make RH 
products, the RH products are not totally compliant with 
all the Class S requirements of MIL-STD-883. Since MIL- 
STD-883 specifically prohibits the marking of non- 
compliant products with the 883 compliance (c) indicator, 
LTC’s RH products are marked with the LTC RH prefix part 
number or with a special mark specified by the customer. 

Military Market Commitment 

LTC is a focused, dedicated company servicing the needs 
of the linear military marketplace. We are shipping to the 
top U.S. defense electronics contractors who have quali- 
fied and approved our products. LTC is committed to 
being the best and most proficient high quality supplier of 
analog military components. 
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883 CERTIFICATE OF CONFORMANCE — LEVEL B 


LTC PartNumber_ 

Lot Traceability No. 

Purchase Order No. 

Customer Name P/N Qty 

Date Code Shipper# Traveller Lot# 

Group A = Group B = Group C = Group D = 

Group B/3 Re-Inspection Date, If Applicable 

LINEAR TECHNOLOGY CORPORATION HEREBY DECLARES THAT THE COMPONENTS SPECIFIED ON THE ABOVE 
PURCHASE ORDER COMPLY WITH YOUR SPECIFICATIONS AND REQUIREMENTS OF MIL-STD-883. ALL 
SUPPORTING DOCUMENTATION AND RECORDS ARE RETAINED ON FILE BY LTC AND ARE AVAILABLE FOR 
INSPECTION. THE MAJOR ELEMENTS OF THE 883C PROGRAM ARE SHOWN BELOW. 


QUALITY ASSURANCE INSPECTOR 

DATE 

SIGNATURE 




Operation Screening Procedure MIL-STD-883, Method 5004 


Internal Visual 
Stabilization Bake 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Burn-in 
Final Electrical 


QA Acceptance 
Quality Conformance 


External Visual 


Method 2010, 
Method 1008, 
Method 1010, 
Method 2001 
Method 1014 
Method 1014 
Method 1015 
+25°C DC 
+125°C or 
-55°C DC 
+25°C AC 
Method 5005 


Method 2009 


, Condition B 
, Condition C 

, Condition C, 1 0 cycles -65°C to 150°C 
, Condition E, 30k g Y1 axis (TO-3 PKG at 20k g) 
, Condition A 
, Condition C 

, 160 hrs at 1 25°C (or equivalent) 

(per LTC Data Sheet) PDA = 5% 

150°C DC 


Group A (sample/lot) 

Group B (sample/lot) 

Group C (sample every 6 months/Generic Group) 
Group D (sample every 6 months/Package Family) 



NOTE: Each operation is performed on a 100% basis unless otherwise stated. 


FORM No. 00-03-6072 


LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 
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LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 


GROUP A DATA 

Mil-Std-883, METHOD 5005 

LTC P/N: 

GENERIC TYPE: 

ASSEMBLY LOC 


LOT #: 

PKG: DATE CODE: 



ACC 

# 

s/s 

# 

FAILED 

DATE 

TESTED 

OPER 

NUMBER 

SUBGROUP 1 

Static tests at 25°C 

0 

116 




SUBGROUP 2 

Static tests at maximum rated operating 
temperature 

0 

116 




SUBGROUP 3 

Static tests at minimum rated operating 
temperature 

0 

116 




SUBGROUP 4 

Dynamic tests at 25°C 

0 

116 




SUBGROUP 5 

Dynamic tests at maximum rated operating 
temperature 

0 

116 

. 4 


k. 

SUBGROUP 6 

Dynamic tests at minimum rated operating 
temperature 

0 

116 


yv 


SUBGROUP 7 

Functional tests at 25°C 

0 

116^ 




SUBGROUP 8 

Functional tests at maximum and minimum 
operating temperature 

0 

116 




SUBGROUP 9 

Switching tests at 25°C 

0 

116 




SUBGROUP 10 

Switching tests at maximum rated operating 
temperature 

0 

116 




SUBGROUP 11 

Switching tests at minimum rated operating 
temperature 

0 

116 





QA APPROVAL: DATE: 

FORM No. 00-03-6037 
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LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 


GROUP B DATA (Class B) 

Mil-Std-883, METHOD 5005 

LTC P/N: 

GENERIC TYPE: 

ASSEMBLY LOC 


LOT #: 

PKG: DATE CODE: 


TEST 

METHOD 

CONDITION 

LTPD 

ACC 

# 

s/s 

# 

FAILED 

DATE 

TESTED, 

OPER 

+ * 

SUBGROUP 2 

Resistance to Solvents 

2015 



0 

3 


pO 

k 

SUBGROUP 3 

Solderability 

2003 

Soldering Temp, of 
245°C ± 5°C 

10 

0 

•SL 

pw 



SUBGROUP 5 

Bond Strength 

2011 

C or D 

15 







QA APPROVAL: DATE: 

FORM No. 00-03-6006 


LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 


GROUP C DATA (Class B) 

Mil-Std-883, METHOD 5005 

LTC P/N: 

GENERIC TYPE 
CT. GROUP: _ 


LOT #: 

PKG: DATE CODE: 



FORM No. 00-03-6007 
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LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 

GROUP B DATA (Class S) 

Mil-Std-883, METHOD 5005 


LTC P/N: LOT #: 

GENERIC TYPE: PKG: DATE CODE: 

ASSEMBLY LOC: 


TEST 

METHOD 

CONDITION 

LTPD 

ACC 

# 

S/S 

# 

FAILED 

DATE 

TESTED 

OPER 

# 

SUBGROUP 1 

Physical Dimensions 
Internal Water-Vapor 
Content 

2016 

1018 

5000 ppm Max 


0 

3 




SUBGROUP 2 

Resistance to Solvents 
Internal Visual and 
Mechanical 

Bond Strength 

Die Shear Test 

2015 

2013, 

2014 

2011 

2019 

Design and Construction 
Requirements 

C or D 

10 

0 

0 

0 

0 

3 

2 

22 Wires 

3 




SUBGROUP 3 

Solderability 

2003 
or 2022 

Soldering Temp, of 
245°C ±5°C 

10 

0 

22 Leads 




SUBGROUP 4 

Lead Integrity 

Seal 

Fine 

Gross 

Lid Torque 

2004 

1014 

2024 

B 2 (Lead Fatigue) 

Glass Frit Seal Only 

5 

0 

< 

45 Leads 

SfJ 


? 0 


SUBGROUP 5 

Electrical End-Points 
Steady State Life 
Electrical End-Points 

1005 

Test # 

C, D, orE 

Test# 

5 

1 

0 

45 




SUBGROUP 6 

Electrical End-Points 
Temperature Cycling 
Constant Acceleration 
Seal 

Fine 

Gross 

Electrical End-Points 

1010 

2001 

1014 

Test# 

C 100 Cycles 

E Yi Only 

(TO-3 at Condition D, 
20Kg) 

Test# 

15 

0 

15 




SUBGROUP 7 

ESD Classification 

3015 

Qual or Re-Design 
Only 

15 

N/A 

- 





QA APPROVAL: DATE: 
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LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 

GROUP D DATA (Class B or S) 

Mil-Std-883, METHOD 5005 

LTC P/N: LOT #: 

GENERIC TYPE: PKG: DATE CODE: 

ASSEMBLY LOC: 


TEST 

METHOD 

CONDITION 

LTPD 

ACC 

s/s 

# 

DATE 

OPER 





# 


FAILED 

TESTED 

# 

SUBGROUP 1 



15 

0 

15 




Physical Dimensions 

2016 








SUBGROUP 2 



5 

0 

45 Leads 




Lead Integrity 

2004 

B 2 (Lead Fatigue) 







Fine Leak 

1014 








Gross Leak 

1014 








SUBGROUP 3 



15 

0 

15 




Thermal Shock 

1011 

B 1 5 Cycles 







Temperature Cycle 

1010 

C 100 Cycles 







Moisture Resistance 

1004 








Fine Leak 

1014 








Gross Leak 

1014 








Visual Examination 

1004/ 









1010 








Electrical End-Points 


Test# 







SUBGROUP 4 



15 

0 

15 




Mechanical Shock 

2002 

B 




iO\ 



Vibration, Variable 

2007 

A 



. taw ’ 



Frequency 

Constant Acceleration 

2001 

E Y1 Only 



> v 




Fine Leak 

1014 


1 






Gross Leak 

1014 

(TO-3 at 







Visual Examination 

1010/ 

Condition D, 20Kg) 








1011 








Electrical End-Points 


Test # 







SUBGROUP 5 



15 

0 

15 




Salt Atmosphere 

1009 

A 







Fine Leak 

1014 








Gross Leak 

1014 








Visual Examination 

1009 

Visual Criteria 







SUBGROUP 6 




0 

3 




Internal Water-Vapor 

1018 

5000 ppm Max 







SUBGROUP 7 



15 

0 

15 




Adhesion of Lead Finish 

2025 








SUBGROUP 8 




0 

5 




Lid Torque 

2024 

Glass Frit Seal Only 








QA APPROVAL: DATE: 

FORM No. 00-03-6008 
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MILITARY PARTS LIST 


JAN S QPL 

JM3851 0/1 01 03SG A (LM101AH) 
JM3851 0/101 03SH A (LM101AW) 
JM3851 0/1 01 03SPA (LM101AJ8) 
JM3851 0/1 01 04SCA (LM108AJ) 
JM3851 0/101 04SGA (LM108AH) 
JM3851 0/1 01 04SHA (LM108AW) 
JM3851 0/1 01 04SPA (LM108AJ8) 
JM3851 0/1 0107SGA (LM118H) 

JM3851 0/1 0304SGA (LM111H) 

JM3851 0/1 0306SCA (LM119J) 

JM3851 0/1 0306SIA (LM119H) 

JM3851 0/1 0306SHA (LM119W) 

JM3851 0/1 0307SCA (LT119AJ) 

JM3851 0/1 0307SIA (LT119AH) 

JM3851 0/1 0307SHA (LT1 1 9AW) 

JM3851 0/1 1401 SPA (LF155J8) 

JM3851 0/1 1 402SGA (LF156H) 

JM3851 0/1 1 402SPA (LF156J8) 

JM3851 0/1 1 404SGA (LF155AH) 

JM3851 0/1 1 404SPA (LF155AJ8) 

JM3851 0/1 1 405SGA (LF1 56AH) 

JM3851 0/1 1 405SPA (LF1 56AJ8) 

JM3851 0/1 1 703SXA (LM117H) 

JM3851 0/1 1 704SYA (LM1 1 7K) 

JM3851 0/1 1 803SXA (LM137H) 

JM3851 0/1 1 804SYA (LM137K) 

JM38510/1 2407SGA (LT1021-5H) 

JM3851 0/1 2408SGA (LT1021-7H) 

JM38510/12409SGA (LT1021-10H) 

JM3851 0/1 2501 SGA (LF198H) 

JM3851 0/1 3501 SG A (OP07AH) 

JM38510/1 3501 SPA (OP07AJ8) 

JM38510/1 3502SGA (OP07H) 
JM38510/13502SPA (OP07J8) 

JM3851 0/1 3503SGA (0P27AH) 

JM38510/1 3503SPA (OP27AJ8) 

JM38510/1 4802SXA (LT1009H) 

JAN B QPL 

JM3851 0/1 01 03BCA (LM101AJ) 
JM3851 0/1 01 03BGA (LM101AH) 
JM3851 0/1 01 03BHA (LM101AW) 
JM3851 0/101 03BPA (LM101AJ8) 
JM3851 0/1 01 04BCA (LM108AJ) 
JM3851 0/1 01 04BGA (LM108AH) 
JM38510/101 04BPA (LM108AJ8) 
JM3851 0/1 01 06BEA (LH2108AD) 
JM3851 0/1 01 07BCA (LM118J) 

JM3851 0/1 01 07BGA (LM118H) 

JM3851 0/1 01 07BHA (LM118W) 
JM3851 0/1 01 07BPA (LM118J8) 

JM38510/1 0304BGA (LM111H) 

JM3851 0/1 0306BIA (LM119H) 

JM3851 0/1 0306BCA (LM1 1 9J) 

JM3851 0/1 0306BHA (LM119W) 
JM38510/1 0307BCA (LT119AJ) 

JM3851 0/1 0307BIA (LT119AH) 

JM3851 0/1 0307BHA (LT119AW) 

JM3851 0/11 401 BGA (LF155H) 

JM3851 0/1 1401 BPA (LF156J8) 
JM38510/1 1402BGA (LF156H) 

JM3851 0/1 1402BHA (LF156W) 

JM3851 0/1 1 402BPA (LF156J8) 

JM3851 0/1 1 404BGA (LF1 55AH) 

JM3851 0/1 1 404BPA (LF155AJ8) 

JM3851 0/1 1 405BGA (LF1 56AH) 

JM3851 0/1 1 405BHA (LF1 56W) 

JM3851 0/1 1 405BPA (LF156AJ8) 

JM3851 0/1 1 703BXA (LM117H) 

JM3851 0/1 1 704BYA (LM117K) 

JM3851 0/1 1 706BYA (LM1 38K) 

JM3851 0/1 1 803BXA (LM137H) 

JM3851 0/1 1 804BYA (LM137K) 

JM38510/1 2407BGA (LT1021 -5H) 
JM38510/12408BGA (LT1021-7H) 

JM38510/1 2409BGA (LT1021-10H) 

JM38510/1 2501 BGA (LF198H) 

JM38510/1 3501 BGA (OP07AH) 

JM38510/1 3501 BPA (OP07AJ8) 
JM38510/13502BGA (OP07H) 

JM3851 0/1 3502BPA (OP07J8) 

J M3851 0/1 3503BG A (0P27AH) 

JM3851 0/1 3503BPA (OP27AJ8) 

JM3851 0/1 4802BXA (LT1009H) 

DESC Drawings 

7703401XA (LM117H) 

7703401YA (LM117K) 

7703402XA (LM117HVH) 

7703402YA (LM1 1 7HVK) 

7703403XA (LM137H) 

7703403YA (LM137K) 

7703404XA (LM137HVH) 

7703404YA (LM137HVK) 

7703405XA (LT117AH) 

7703405YA (LT1 1 7AK) 

7703406XA (LT137AH) 

7703406YA (LT137AK) 

7703407XA (LT117AHVH) 

7703407YA (LT117AHVK) 

7703408XA (LT137AHVH) 

7703408YA (LT1 37AHVK) 

7802801 EA (SG1524J) 

8203601 GA (OP07AH) 

8203601 PA (OP07AJ8) 

8203602GA (OP07H) 

8203602 PA (OP07J8) 

841 8001 XA (LM136AH-2.5) 

8551401GA (REF02AH) 

8551401 PA (REF02AJ8) 

8551501VA (LT1526J) 

8600801 EA (LT685) 

8601401CA (LM119J) 

8601401 HA (LM119W) 

8601401IA (LM119H) 

8601402CA (LT119AJ) 

8601402HA (LT119AW) 

8601 402IA (LT119AH) 

8687702XA (LT111AH) 

8687702PA (LT111AJ8) 


Standard Military 
Drawings (SMD) 


5962-3870701 MGA (LTC1044MH) 
5962-3870702MPA (LTC1044MJ) 
5962-8680601EA (LT1846J) 
5962-8680602EA (LT1847J) 
5962-8684501 IA (LT1016MH) 
5962-8684501 PA (LT1016MJ8) 
5962-8686101XA (LT580SH) 
5962-8686102XA (LT580TH) 
5962-8686103XA (LT580UH) 
5962-8687701 GA (LT111AH) 
5962-8687701 PA (LT111AJ8) 
5962-8688201 XA (LH0070-0H) 
5962-8688202XA (LH0070-1H) 
5962-8688203XA (LH0070-2H) 
5962-8688701 CA (0P227AJ) 
5962-8757801 GA (LT1007AMH) 
5962-8757801 PA (LT1 007AMJ8) 
5962-8759401 XA (LM185H-1.2) 
5962-8759402XA (LM185H-2.5) 
5962-8760401 GA (LM10H) 
5962-8760401 PA (LM10J8) 
5962-8766601VA (LT1080MJ) 
5962-8766602EA (LT1081MJ) 
5962-8767501XA (LM150K) 
5962-8767502XA (LT150AK) 
5962-8771501CA (LT1002AMJ) 
5962-8773801 GA (LT1001MH) 
5962-8773801 PA (LT1001MJ8) 
5962-87738036A (LT1001AMH) 
5962-87738036PA (LT1001 AMJ) 
5962-87741 01 XA (LT1033MK) 
5962-8777501 YA (LM123K) 
5962-8777502YA (LM123AK) 
5962-8853701 GA (OP37AH) 
5962-8853701 PA (OP37AJ8) 
5962-8853702GA (OP37BH) 
5962-8853702PA (OP37BJ8) 
5962-8853703GA (0P37CH) 
5962-8853703PA (OP37CJ8) 
5962-88561 01 XA (LM199AH) 
5962-88561 02XA (LM199H) 
5962-8856201XA (LT1010MH) 
5962-8856201YA (LT1010MK) 
5962-8856701GA (LT1037AMH) 
5962-8856701 PA (LT1037AMJ8) 
5962-8859701 XA (LT1 004MH-1 .2) 
5962-8859702XA (LT1004MH-2.5) 


5962-8860001 GA (LT1021BMH-10) 
5962-8860002GA (LT1021CMH-10) 
5962-8860003GA (LT1021 DMH-10) 
5962-8862201 GA(LT1028MH) 
5962-8862201 PA (LT1028MJ8) 
5962-8862202GA (LT1028AMH) 
5962-8862202PA (LT1028AMJ8) 
5962-88641 01 RA (LTC1060AMJ) 
5962-88641 02RA (LTC1060MJ) 
5962-8864601 XA (LT1085MK) 
5962-8864701 GA (LT1 021 BMH-7) 
5962-8864702GA (LT1 021 DMH-7) 
5962-88751 01 VA (LT1039MJ) 
5962-88751 02EA (LT1039MJ16) 
5962-8876001 GA(LT1 01 3AMH) 
5962-8876001 PA (LT1013AMJ8) 
5962-8876002GA (LT1013MH) 
5962-8876002PA (LT1013MJ8) 
5962-8876201GA (LT1021 BMH-5) 
5962-8876202GA (LT1021CMH-5) 
5962-8876203GA (LT1021DMH-5) 
5962-8944001 CA (LT1032MJ) 
5962-8948301 LA (LTC1064MJ) 
5962-8950401 GA (LT1 01 7MH) 
5962-8950401 PA (LT1 01 7MJ8) 
5962-8950402GA (LT1018MH) 
5962-8950402PA (LT1018MJ8) 
5962-8951 101EA (LT1525AJ) 
5962-8951102EA (LT1527AJ) 
5962-89521 01 XA (LT1084MK) 
5962-8956201GA (LT1054MH) 
5962-8956201 PA (LT1054MJ8) 
5962-89581 01 GA (REF01AH) 
5962-89581 01 PA (REF01AJ8) 
5962-8961001XA (LT1009MH) 
5962-8962201 GA (LT1022AMH) 
5962-8962202GA (LT1022MH) 
5962-8967701 CA (LT1014AMJ) 
5962-8967702CA (LT1014MJ) 
5962-8978201 CA (LTC1052MJ) 
5962-8978201 GA (LTC1052MH) 
5962-8978201 PA (LTC1052MJ8) 
5962-8980201XA (LT1031BMH) 
5962-8980202XA (LT1031CMH) 
5962-8980203XA (LT1031DMH) 
5962-8983002RA (LTC1290BMJ) 
5962-8983003RA (LTC1290CMJ) 


5962-8983004RA (LTC1290DMJ) 
5962-8987301 YA (LT1 003MK) 
5962-8989701 CA (LT1058AMJ) 
5962-8989701 XA (LT1058AML) 
5962-8989702CA (LT1 058MJ) 
5962-89921 01 XA (LM129AH) 

5962-89921 02XA (LM129BH) 

5962-89921 03XA (LM129CH) 
5962-8997601 GA (LT1055AMH) 
5962-8997602GA (LT1056AMH) 
5962-8997603GA (LT1055MH) 
5962-8997604GA (LT1056MH) 
5962-89981 01 XA (LT1086MK) 
5962-8998101YA (LT1086MH) 
5962-9050701 XA (LM134H-3) 
5962-9050702XA (LM134H-6) 
5962-9050703XA (LM134H) 

5962-9051 901 XA (LT1 029AMH) 
5962-9051 902XA (LT1029MH) 
5962-9054501 RA (LTC1045MJ) 
5962-9056801 CA(0P237AJ) 
5962-9056802CA (0P237CJ) 
5962-9059501 GA (LT1 01 9AMH-1 0) 
5962-9059502GA (LT1019AMH-5) 
5962-9059503GA (LT1019AMH-4.5) 
5962-9059504GA (LT1019AMH-2.5) 
5962-9059505GA (LT1019MH-10) 
5962-9059506GA (LT1019MH-5) 
5962-9059507GA (IT1019MH-4.5) 
5962-9059508GA (LT1019MH-2.5) 
5962-9062701 GA (LT1 01 1AMH) 
5962-9062701 PA (LT1 01 1AMJ8) 
5962-9062702GA (LT1011MH) 
5962-9062702PA (LT1 01 1 MJ8) 
5962-9064901 CA (LTC1064-4MJ) 
5962-9064901 XA (LTC1064-4ML) 
5962-9069301 MCA (LTC1 064-1 MJ/883) 
5962-9069302MCA (LTC1 064-1 AM J/883) 
5962-9073902MXA (LT1084-5MK) 
5962-9073903MXA (LT1085-5MK) 
5962-9073904MXA (LT1086-5MK) 
5962-9081 701 MGA (LT1057AMH) 
5962-9081 701 MPA (LT1057AMJ8) 
5962-9081702MGA (LT1057MH) 
5962-9081 702MPA (LT1057MJ8) 
5962-9082501 MYA (LT1070MK) 


5962-9082502MYA (LT1071MK) 
5962-9082503MYA (LT1072MK) 
5962-9082503MPA (LT1072MJ8) 
5962-9082504MYA (LT1070HVMK) 
5962-9082505MYA (LT1071HVMK) 
5962-9082506MYA (LT1072HVMK) 
5962-90841 01 MCA (LT1020MJ) 
5962-9084201 MGA (LT1 01 2MH) 
5962-9084201 MPA (LT1 01 2MJ8) 
5962-9084202MGA (LT1012AMH) 
5962-9084202MPA (LT1012AMJ8) 
5962-91 59501 MPA (LTC1062MJ8) 
5962-91 61 901 MPA (LTC1042MK) 
5962-91 63201 MCA (LT1079MJ) 
5962-9163202MCA (LT1079AMJ) 
5962-91 63203MCA (LT1078MJ) 
5962-91 63204MCA (LT1078AMJ) 
5962-91 63204MG A (LT1078AMH) 
5962-91 63204MPA (LT1078AMJ8) 
5962-9172901MVA (LT1180MJ) 
5962-91 72902MEA (LT1181MJ) 
5962-9172903MVA (LT1280MJ) 
5962-91 72904MEA (LT1281MJ) 
5962-9207901 MPA (LT1172MJ8) 
5962-9207901 MPA (LT1172MJ8) 
5962-9208001 MPA (LTC485MJ8) 
5962-9305701 MPA (LTC1291CMJ) 
5962-9305702MPA (LTC1292CMJ) 
5962-9305703MEA (LTC1293CMJ) 
5962-9305704MRA (LTC1294CMJ) 
5962-931 1901 MYA (LT1076MK) 
5962-9311902MYA (LT1076HVMK) 
5962-931 8401 MPA (LT1229MJ8) 
5962-9318402MCA (LT12320MJ) 
5962-931 9001 MPA (LT1 241 MJ8) 
5962-9319002MPA (LT1242MJ8) 
5962-9319003MPA (LT1243MJ8) 
5962-9319004MPA (LT1244MJ8) 
5962-9319005MPA (LT1245MJ8) 
5962-9321 201 MPA (LT1 1 1 1 MJ8) 
5962-9322401 MPA (LT1120MJ8) 
5962-9323801 MCA (LT1125MJ) 
5962-9323802 MPA (LT1124MJ) 
5962-9323803MCA (LT1125AMJ) 
5962-9323804MPA (LT1124AMJ) 
5962-9451 601 MPA (LT118AJ8) 


Radiation 

RH07 

RH108A 

RH119 

RH1011 

RH1021-7 

Hardened 

RH27C 

RH111 

RH129 

RH1013 

RH1021-10 

RH37C 

RH117 

RH137 

RH1014 

RH1056 


RH101A 

RH118 

RH1009 

RH1021-5 
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MILITARY PRODUCTS 


MILITARY PARTS LIST 


883 

LF155AH/883 

LM101AJ8/883 

LT 1 007AMH/883 

LT 1 078AMH/883 

LTC 1050AM J/883 

OP-07AJ8/883 

OP-37AJ 8/883 

Operational 

LF155H/883 

LM107H/883 

LT 1 007AMJ8/883 

LT1 078AM J8/883 

LTC 1050M H/883 

OP-07H/883 

OP-37BJ8/883 

Amplifiers 

LF156AH/883 

LM107J8/883 

LT 1 007M H/883 

LT1078MH/883 

LTC1050MJ8/883 

OP-07J8/883 

OP-37C H/883 

LF156H/883 

LM108AH/883 

LT 1 007M J8/883 

LT1078MJ8/883 

LTC 1050M J/883 

OP-1 5AH/883 

OP-37CJ8/883 


LF156J8/883 

LM 108 H/883 

LT 1 008M H/883 

LT1 079AM J/883 

LTC1 051 AMH/883 

OP-15BH/883 

OP-227AJ/883 


LF156W/883 

LM108AJ8/883 

LT1012AMH/883 

LT1079M J/883 

LTC1051 AMJ8/883 

OP-15CH/883 

OP-227CJ/883 


LF412AMH/883 

LT118AH/883 

LT1012MD/883 

LT1 1 24AM J8\883 

LTC1051MJ8/883 

OP-15CJ8/883 

OP-237AJ/883 


LF412MH/883 

LT1 1 8AJ8/883 

LT1012MH/883 

LT1124MJ8/883 

LTC1052MH/883 

OP-16AH/883 

OP-237CJ/883 


LF412AMJ8/883 

LT1001AMH/883 

LT1013AMH/883 

LT1 1 25AM J8/883 

LTC1052MJ/883 

OP-16BH/883 



LF412MJ8/883 

LT 1 001 AMJ8/883 

LT1 01 3AM J8/883 

LT1125MJ8/883 

LTC1 052MJ8/883 

OP-16CH/883 



LH0070-0H/883 

LT 1 001 MH/883 

LT1013MH/883 

LT1 1 26AM J8/883 

LTC1 1 50MJ8/883 

OP-16CJ8/883 



LH0070-1 H/883 

LT1 001 MJ8/883 

LT1013MJ8/883 

LT1 1 26MJ8/883 

OP-05AH/883 

OP-27AH/883 



LH0070-2H/883 

LT1 002AM J/883 

LT1014AMJ/883 

LT1 1 27 AM J8/883 

OP-05AJ8/883 

OP-27AJ8/883 



LH2108AD/883 

LT 1 002MJ/883 

LT1014MJ/883 

LT1 1 27MJ/883 

OP-05H/883 

OP-27BJ8/883 



LH2108D/883 

LT 1 006AMH/883 

LT 1 024AM D/883 

LT1172MJ8/883 

OP-05J8/883 

OP-27BH/883 



LM1 OH/883 

LT 1 006AMJ8/883 

LT1024M D/883 

LT1228MJ8/883 

OP-05AW/883 

OP-27CH/883 



LM10J8/883 

LT 1 006M H/883 

LT 1 055AM H/883 

LTC1 050AMH/883 

OP-05W/883 

OP-27CJ8/883 



LM1 01 AH/883 

LT 1 006M J8/883 

LT1055MH/883 

LTC 1 050AM J8/883 

OP-07AH/883 

OP-37AH/883 


883 

LM1 18H/883 

LT 1 028AM H/883 

LT 1 037AMJ8/883 

LT 1 057AMH/883 

LT1 058 AML/883 

LT1 1 91 MJ8/833 

LT 1 223MJ8/883 

High Speed 

LM1 18J8/883 

LT 1 028AMJ8/883 

LT1037M H/883 

LT1 057AM J8/883 

LT 1 058M J/883 

LT1 1 92MJ8/883 

LT 1 229M J8/883 

Op Amps 

LM1 18W/883 

LT1028M H/883 

LT 1 037M J8/883 

LT1057MH/883 

LT1 187MJ8/883 

LT1 1 93M J8/883 

LT 1 230MJ/883 

LT 1 022AM H/883 

LT 1 028M J8/883 

LT 1 056AM H/883 

LT1057MJ 8/883 

LT1 1 89MJ8/883 

LT1 1 94MJ8/883 



LT1022M H/883 

LT 1 037AMH/883 

LT 1 056M H/883 

LT 1 058AM J/883 

LT1 1 90MJ8/883 

LT 1 1 95MJ8/883 


883 

LM1 17H/883 

LM137HVK/883 

LT1 1 7AK/883 

LT 1 50AK/883 

LT1035MK/883 

LT 1 076HVMK/883 

LT1086MH/883 

Regulators 

LM1 17HVH/883 

LM137K/883 

LT123AK/883 

LT1003MK/883 

LT1036MK/883 

LT1083MK-5/883 

LT1086MK/883 

LM1 17HVK/883 

LM138K/883 

LT137AH/883 

LT1005MK/883 

LT 1 054MJ8/883 

LT1083MK-1 2/883 

LT1086MK-5/883 


LM1 17K/883 

LM150K/883 

LT 1 37AHVH/883 

LT1020M J/883 

LT1054M H/883 

LT 1 084MK/883 

LT1086MK-1 2/883 


LM123K/883 

LT117AH/883 

LT 1 37AHVK/883 

LT1026MJ8/883 

LT1074MK/883 

LT1084MK-5/883 

LT1 120MJ8/883 


LM137H/883 

LT1 17AHVH/883 

LT 1 37AK/883 

LT1026MH8/883 

LT 1 074HVMK/883 

LT1084MK-1 2/883 



LM137HVH/883 

LT1 17AHVK/883 

LT 1 38AK/883 

LT 1 033MK/883 

LT1076MK/883 

LT1085MK/883 


883 

LM129AH/883 

LM199AH/883 

LT 1 004MH-2.5/883 

LT1021BMH-5/883 

LT1 031BMH/883 

REF-01 J8/883 


References 

LM129BH/883 

LM1 99AH-20/883 

LT1009MH/883 

LT1021CMH-5/883 

LT1031CMH/883 

REF-02AH/883 



LM129CH/883 

LM199H/883 

LT1 01 9AMH-2.5/883 

LT1021DMH-5/883 

LT1031DMH/883 

REF-02AJ8/883 



LM134H/883 

LT580SH/883 

LT1 01 9AMH-4.5/883 

LT1021 BMH-7/883 

LT1034BMH-1 .2/883 

REF-02H/883 



LM134H-3/883 

LT580TH/883 

LT1 01 9AMH-5/883 

LT1 021 DMH-7/883 

LT 1 034BMH-2. 5/883 

REF-02J8/883 



LM134H-6/883 

LT580UH/883 

LT1 01 9AMH-1 0/883 

LT1021BMH-1 0/883 

LT1034MH-1. 2/883 




LM1 36AH-2. 5/883 

LT581 SH/883 

LT 1 01 9MH-2.5/883 

LT1 021 CMH-1 0/883 

LT 1 034MH-2.5/883 




LM136H-2. 5/883 

LT581 TH/883 

LT1019MH-4.5/883 

LT 1 021 DMH-1 0/883 

REF-01 AH/883 




LM185H-1 .2/883 

LT581 UH/883 

LT1 01 9MH-5/883 

LT 1 029AMH/883 

REF-01 AJ8/883 




LM185H-2. 5/883 

LT1004MH-1 .2/883 

LT1 01 9MH-1 0/883 

LT1029MH/883 

REF-01 H/883 



883 

LM1 11 H/883 

LM1 19W/883 

LT1 1 9AJ/883 

LT1 01 1 AMJ8/883 

LT1016M J/883 

LT1017MJ8/883 


Comparators 

LM1 1 1 J8/883 

LT1 11 AH/883 

LT685MH/883 

LT1 011 MH/883 

LT 1 01 6MJ8/883 

LT1018MH/883 



LM1 19H/883 

LT1 1 1 AJ8/883 

LT685MJ/883 

LT101 1MJ8/883 

LT1016ML/883 

LT1018MJ8/883 



LM119J/883 

LT1 1 9AH/883 

LT1 01 1 AMH/883 

LT1016MH/883 

LT1017MH/883 

LTC1 042MJ8/883 


883 

LT1070MK/883 

LT1072MK/883 

LT 1 242MJ8/883 

LT1524J/883 

LT 1 846 J/883 

SGI 527A J/883 


Switched-Mode 

LT1070HVMK/883 

LT 1 072HVMK/883 

LT 1 243M J8/883 

LT1525AJ/883 

LT1 847 J/883 



Control Circuits 

LT1071MK/883 

LT 1 072MJ8/883 

LT 1 244MJ8/883 

LT 1 526J/883 

SGI 524 J/883 




LT1 071 H VMK/883 

LT1241MJ8/883 

LT 1 245MJ8/883 

LT 1 527AJ/883 

SG1525AJ/883 



883 

LT1032MJ/883 

LT 1 080M J/883 

LT1 1 80 AM J/883 

LT 1 280MJ/883 

LTC1045MJ/883 



Interface 

LT 1 039MJ/883 

LT1081MJ/883 

LT1 1 81 AMJ/883 

LT1 281 MJ/883 





LT1039MJ 16/883 

LT1180M J/883 

LT1 1 81 MJ/883 

LT C485M J8/883 




883 

LTC1 059AMJ/883 

LTC1061AMJ/883 

LTC 1064M J/883 

LTC1064-2ML/883 

LTC1 1 64AMJ/883 



Filters 

LTC1059MJ/883 

LTC1061MJ/883 

LTC1 064-1 AMJ/883 

LTC1 064-4MJ/883 

LTC1 1 64-5MJ/883 




LTC1 060AMJ/883 

LTC1 062MJ8/883 

LTC1 064-1 MJ/883 

LTC1064-4ML/883 

LTC1 1 64-7MJ/883 




LTC1060MJ/883 

LTC1 063MJ8/883 

LTC 1 064-2M J/883 

LTC 1 164M J/883 




883 

LTC1094MJ/883 

LTC1 290DMJ/883 

LTC1 293DMJ/883 

LTC1 294DMJ/883 




Data 

LTC1 290BMJ/883 

LTC 1 293BM J/883 

LTC 1 294BM J/883 





Converters 

LTC1 290CMJ/883 

LTC1 293CMJ/883 

LTC1294CMJ/883 





Other 883 

LF198AH/883 

LT1010MK/883 

LTC1 043MD/883 






LF198H/883 

LTC201 AM J/883 

LTC1 044MH/883 






LT1 01 0M H/883 

LTC1041 MJ8/883 

LTC 1 044M J8/883 
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LT1106 

Micropower Step-Up 
DC/DC Converter for 
PCMCIA Card Flash Memory 


November 1993 


F€flTUR€S 

■ 60mA Output Current at 12V from 3 V Supply 

■ Shutdown to lOpA 

■ Programmable 1 2 V or 5 V Output 

■ Up to 85% Efficiency 

■ 750pA Quiescent Current 

■ Low Vcesat Switch: 300mV at 0.5A Typical 

■ Uses Low Value, Thin, Surface Mount Inductors 

■ Ultra-Thin 20-Lead TSSOP Package 

RPPUCOTIOns 

■ PCMCIA Card Flash Memory VPP Generator 

■ Portable Computers 

■ Portable Instruments 

■ DC/DC Converter Module Replacements 


D€SCMPTIOn 

The LT1106 is the industry’s first DC/DC converter de- 
signed for use on Type I and Type II PCMCIA cards. The 
device senses the VPP1 and VPP2 lines at the PCMCIA 
socket and generates a regulated 12V, 60mA program- 
ming supply if the socket does not provide it. Internal logic 
simplifies the interface to PCMCIA card microcontrollers. 
One input selects a 12V or 5 V regulated output, while 
another input controls micropower shutdown. Two logic 
outputs indicate when the selected programming voltage 
is valid and whether the input supply is 3.3V or 5 V. 

The regulatorfeatu res Burst Mode™ operation witha0.5A, 
300mV switch for efficiency up to 85%. High frequency 
500kHz switching permits the use of small value, flat 
inductors that fit neatly on PCMCIA cards. The device 
requires just IpF of input and output capacitance. 

Quiescent current is 750pA which drops to 350pA when 
the card runs off the socket supply. The shutdown pin 
reduces supply current to only 1 0pA. The device includes 
a soft start feature which limits supply current transients 
when the card is inserted into a hot socket. 

Burst Mode™ is a trademark of Linear Technology Corporation 


TVPICfll RPPUCRTIOn 

12V, 60mA Flash Memory Programming Supply 



■ 12V/60mA 


■ VPP VALID 

■ 3/5 


12V Output Efficiency 



10 

LOAD CURRENT (mA) 


FOR TYPE I CARDS: FOR TYPE II CARDS: 

LI = COILTRONICS CTX02-11238 LI = MU RATA ERIE LQH3C100K04M00 

D1 = 4 BAT54CS IN PARALLEL (PHILIPS), 1.1mm MAXIMUM HEIGHT D1 = PHILIPS PRLL5818, 2.1mm MAXIMUM HEIGHT 
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LT1106 


absolute mnximum rrtirgs 


Vcc Voltage 7 v 

Vsw Voltage 20V 

AVPP Voltage 20V 

VPP1.VPP2 Voltage 20V 

G1.G2 Voltage 20 V 

Von/off Voltage 7 V 

Vsel Voltage 7 V 

Ilim Voltage , 7 V 

Maximum Power Dissipation 500mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 1 0 sec) 300°C 


PACKAG€/ORD€R IRFORRIATIOR 



TOP VIEW 


ORDER PART 
NUMBER 

SELECT 12/5 [T 


20] ON/OFF 

SOFT START |T 

Vcc II 
vcc E 

3/5 \T 
PGND |T 


19] AVPP 

J[] VPP1 

JO VPP2 

16] G1 

JO G2 

LT1106CF 

PGND [T 
NC |T 

Vsw GE 
Vsw Qo 


JO VPP VALID 

JO GND 

JO NC 
m Vsw 


F PACKAGE 

20-LEAD PLASTIC TSSOP 



€L€CTRICRL CHARACTERISTICS t a =25°c,v cc =5v, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS | 

MIN TYP MAX 

UNITS 

Iq 

Quiescent Current 

Von/off = 3V, Vsel = 0,2V, AVPP = 12V I 


750 

pA 

ISD 

Shutdown Mode Current 

> 

CM 

0 

II 

1 
> 


9 

pA 

Id 

Doze Mode Current 

Von/off = 3V, Vsel = 0.2 V, 


350 

pA 



VPP1 = 12V or VPP2 = 12V 




Vcc 

Input Voltage Range 



2 6 

V 

AVPP 

Output Sense Voltage 

Vsel = 3V, VPP1 andVPP2 Roating 


4.8 5.0 5.2 

V 



Vsel = 0.2V, VPP1 and VPP2 Floating 


11.5 12.0 12.5 

V 


Output Referred 

V SEL = 3V, AVPP = 5V 


15 

mV 


Comparator Hysteresis 

V SEL = 0.2V, AVPP = 12V 


36 

mV 


Oscillator Frequency 

Current Limit Not Asserted 


500 

kHz 

DC 

Maximum Duty Cycle 



90 

% 

tON 

Switch-On Time 

Current Limit Not Asserted 


1.8 

ps 


Reference Line Regulation 

2V < V|n < 6V 


0.06 

%/V 

VCESAT 

Switch Saturation Voltage 

l$W= 0.5A 


300 

mV 


Switch Leakage Current 

Vsw = 12V, Switch Off 


1 

pA 


Peak Switch Current 

Soft Start Roating 


0.5 

A 



Soft Start Grounded (Note 1) 


0 

A 


Soft Start Pin Current 

Soft Start Grounded 


50 

pA 

VON/OFF 

Shutdown Pin Threshold Voltage 



1.5 

V 

VSEL 

Select Pin Threshold 

(Note 2) 


1.25 

V 


Shutdown Pin Bias Current 

Von/off = 5V 


20 

pA 



Von/off = 3V 


9 

pA 



Von/off = 0V 


0.1 

pA 


Select Pin Bias Current 

0V<V sel <5V 


1 

pA 

VPP1.VPP2 

Input Sense Voltage Threshold 

Von/off = V cc 


11.7 

V 
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LT1106 


ELECTRICAL CHARACTERISTICS T a = 25°C, Vcc = 5V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 


Input Current at AVPP 

VON/OFF = Vcc 


50 

M A 



VoN/OFF =0-2V 


1 

mA 


Input Current at VPP1 

VoN/OFF = Vcc 


60 

mA 


and VPP2 

VON/OFF = 0.2V 


1 

mA 

VPP Valid 

Input Threshold 



11.5 

V 


Output High 

Iload = 2.5pA f 200k Internal Pull-Up 


V CC -0.5 

V 


Output Low 

•load = 1 0OpA 


0.13 

V 

Vsc 

Input Supply Comparator Threshold 



3.75 

V 


Input Supply Comparator 3/5 

Iload = 50pA, V CC = 5V 


V CC -1-2 

V 


Output Level High 






Input Supply Comparator 3/5 

Iload = 50pA, V C c = 3V 


0.8 

V 


Output Level Low 






Off State Current at Gate 

VP PI = 10V, V G1 = 12V, or VPP2 = 1 0V, 


1.5 

uA 


Drive Outputs G1 and G2 

Vq 2 = 12V or Von/off = 0V 





Note 1: When the soft start pin is grounded, the current limit comparator Note 2: Do not pull the select pin below ground, 
forces the on-chip oscillator to run at minimum duty cycle. 


BLOCK DIAGRAm 


___ SELECT 

ON/OFF V CC VPP1 VPP2 G1 G2 SOFT START V SW AVPP 12/5 



pm funcuons 

SELECT (Pin 1): Tie to Vim or a logic 1 for 5 V output; tie to 
GND or logic Ofor 12V output. The logic threshold forthis 
pin is 1 .25 V. Do not pull the SELECT pin below ground. 

Soft Start (Pin 2): Sets Peak Switch Current. Float this pin 
for normal 0.5A peak. Tie this pin to GND through a 
resistor greater than Ik to limit the switch current from 


0.1 25A to 0.5A. Connecting a capacitorfrom soft start to 
GND reduces switch current during startup. The initial 
current limit with the soft start pin at 0V is about 0A which 
increases as the external capacitor charges from 0V to 
0.2V. Select the capacitance fora given soft start duration. 
About 50pA flows from the soft start pin to ground. 
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LT 11 06 


pm Funcuons 

Vcc (Pins 3, 4): Input Supply. Both pins should be tied 
together and decoupled close to the package with a IpF 
tantalum capacitor connected to GND (Pin 13). 

3/5 (Pin 5): Supply Comparator Output. This pin provides 
a logic signal indicating the value of the input supply at the 
Vcc Pin. If Vcc is greater than 3.75V the 3/5 pin is driven 
high. Likewise, if Vcc is less than 3.75V the 3/5 pin is 
driven low. 

PGND (Pins 6, 7): Power Ground. Connect these pins 
togethe r di rectly at the package . Larg e c u rrent f lo ws i n these 
pins so it is highly recommended to make their PC board 
traces to the common ground plane as wide as possible. 

V$w (Pins 9, 10, 11): Connected to the collector of the 
internal power switch. High currents flow with fast edges 
on these pins. To reduce radiated noise minimize the PCB 
trace area connected to these pins. 

GND (Pin 13): Clean Analog Ground. Vcc should be 
decoupled to this point. Connect to PGND under package. 

VPP Valid (Pin 14): This pin provides a logic output that 
indicates if the voltage present at the AVPP pin is greater 
than 11.5V. A logic 0 signals that AVPP is valid. In 
shutdown mode, this pin is pulled up to Vcc through an 
internal 200k resistor. 


G1 , G2 (Pins 1 6 , 1 5): External MOSFET Gate Drives. When 
VPP1 orVPP2 is greater than 11.7V, G1 or G2 is driven to 
about 0.8V. When VPP1 or VPP2 is less than 11.7V, the 
drives assume a high impedance state pulled up to the 
AVPP pin through an internal 100k resistor. 

VPP1 , VPP2 (Pins 18, 17): Programming Power Inputs. 
The LT1 106 senses both VPP1 and VPP2 supplies at the 
PCMCIA card socket. If VPP1 or VPP2 is greater than 
1 1 .7 V, the LT1 1 06 operates in Doze Mode— the switching 
reg u lato rtu rns off and drive to external P-channel MOSFETs 
turns on. Supply current in Doze Mode is about 350pA. 
Input current into VPP1 and VPP2 is about 1 pA when the 
device is shut down. 

AVPP (Pin 19): Output Sense Pin. This pin connects to a 
1M resistive divider that sets the output voltage. 

ON/OFF (Pin 20): Shutdown Control. When pulled below 
1.5V, this pin disables the LT1106 and reduces supply 
current to 10pA. The part is enabled when ON/OFF is 
greater than 1.5V. 


FuncTionm dcscmptioh 

The LT1106 is a micropower, step-up DC/DC converter 
utilizing Burst Mode™ operation, configured specifically 
for PCMCIA card power control. The voltage supplied to 
the memory array, AVPP, can be programmed to 12V or 
5 V using the SELECT pin. In Burst Mode™ operation, a 
current limit comparator monitors switch-on time. Cur- 
rent limit can be set between OA and 0.5A by loading the 
soft start pin with a resistor. Connecting a small capacitor 
to this pin momentarily forces current limit to zero at 
device turn on, which reduces supply current transients 
on startup. 

If either the VPP1 or VPP2 inputs have the specified 1 2 V 
±5% programming voltage, the DC/DC converter enters 
Doze Mode, a low power state (350pA), in which the VPP 


comparators drive external pass transistors. This action 
isolates the local power supply from the PCMCIA socket, 
making the PCMCIAcard compatible with a wide variety of 
host power configurations. 

The LT1 1 06’s sh utdown control can be used to disable the 
device. When turned off, supply current drops to lOpA, 
and sense inputs at VPP1 , VPP2 and AVPP assume high 
impedance states with pA levels of leakage. 

An input supply comparator monitors Vcc, signaling 
whetherthe supply voltage is 3.3V or 5 V. This comparator 
remains fu nctional while the device is disabled. The 
VPP VALID comparator indicates when a valid program- 
ming voltage is available at the memory array. 
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Final Electrical Specifications 

LTC1152 

Rail-to-Rail Input 
Rail-to-Rail Output 
Zero-Drift Op Amp 

March 1994 


F€ATUR€S 

■ Input Common-Mode Range Includes Both Rails 

■ Output Swings Rail to Rail 

■ Output Will Drive 1 k£2 Load 

■ No External Components Required 

■ Supply Current: 2.2mA Max 

■ Shutdown Pin Drops Supply Current to 5pA Max 

■ Input Offset Voltage: lOpV Max 

■ Input Offset Drift: 100nV/°C Max 

■ Minimum CMRR: 115dB 

■ Output Configurable to Drive Any Capacitive Load 

■ Operates from 2.7V to 14V Total Supply Voltage 

appucatiors 

■ High Resolution Data Acquisition Systems 

■ Rail-to-Rail Buffer Amplifiers 

■ Low Supply Voltage Transducer Amplifiers 

■ High Accuracy Instrumentation 

■ Supply Current Sensing in Either Rail 

■ Single Negative Supply Operation 


DCSCRIPTIOn 

The LTC1152 is a high performance, low power zero-drift 
op amp featuring an input stage common-mode range 
which include both power supply rails and an output stage 
that provides rail-to-rail swing, even into heavy loads. The 
wide input common-mode range is achieved with a high 
frequency on-board charge pump. This technique elimi- 
nates the crossoverdistortion and limited CMRR imposed 
by competing technologies. 

The LTC1 1 52 shares the excellent DC performance specs 
of LTC’s other zero-drift amplifiers. Typical offset voltage 
is 1 pV, typical offset drift is 1 0nV/°C, CM RR and PSRR are 
1 30dB and 1 20dB typically, and open-loop gain is 1 30dB, 
0.1 Hz to 1 0Hz noise is 2pVp.p, gain-bandwidth product is 
1MHz, and slew rate is 1V/ps, all with supply current of 
2.2mA max over temperature. The LTC1 1 52 also includes 
a shutdown feature which drops supply current to 1 pA typ 
and puts the output stage in a high impedance state. 

The LTC1 1 52 is available in plastic 8-pin DIP and 8-pin SO 
packages and uses the standard op amp pinout, allowing 
ittobea plug-in replacement formany standard op amps. 


TYPICAL APPlICATIOn 


Rail-to-Rail Buffer 



Input and Output Waveforms 



2ms/DIV 

U52TA02 
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LTC1152 


absolute mnximum ratiogs 

(Note 1) 

Total Supply Voltage (V+ to V-) 14V 

Input Voltage V + + 0.3 V to V - 0.3V 

Amplifier Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

LTC1152C 0°C to 70°C 

LTC1152I -40°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 1 0 sec) 300°C 


PACKAGE/ORDER MFORfllATIOn 



TOP VIEW 


ORDER PART 

SHUTDOWN [7 


u CP 

NUMBER 

-IN [7 
+IN (T 
V" U 


3v + 

T) OUT 

7j COMP 

LTC1152CN8 

LTC1152CS8 

LTC1152IN8 

LTC1152IS8 

N8 PACKAGE 

8-LEAD PLASTIC DIP 

S8 PACKAGE 

8-LEAD PLASTIC SOIC 

S8 PART MARKING 

TjmaX = 
Tjmax = 

110 o C f ejc=130°C/W(N8) 
110 o C i ejc = 200°C/W(S8) 

1152 

11521 


Consult factory for Military grade parts. 


ELECTRICAL CHARACTERISTICS V$ ■ 5V, Ta = operating temperature range, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C (Note 1 ) 


±1 ±10 

nV 

AVos 

Average Input Offset Drift 

(Note 1) 

• 

±10 ±100 

nV/°C 


Long Term Offset Drift 



±50 

nW/Mo 

Ib 

Input Bias Current 

T a = 25°C (Note 2) 


±10 ±100 

pA 




• 

±1000 

pA 

los 

Input Offset Current 

T a = 25°C (Note 2) 


±20 ±200 

pA 





±500 

pA 

e n 

Input Noise Voltage (Note 3) 

R s =100n, 0.1 Hz to 10Hz 


2 

pVp.p 



R s = 100Q, 0.1 Hz to 1Hz 


0.5 

pVp.p 

•n 

Input Noise Current 

f = 10Hz 


0.6 

fA/VHz 

CMRR 

Common-Mode Rejection Ratio 

V C M = 0Vto 5V, T a = 25°C 

• 

115 130 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = 3V to 1 0V 


110 120 

dB 




• 

105 

dB 

Avol 

Large-Signal Voltage Gain 

Rl= 10k, V 0U t = 0.5V to 4.5V 

• 

110 130 

dB 

VoUT 

Maximum Output Voltage Swing (Note 4) 

R L = Ik 

• 

4 4.50 

V 



R L = Ik, V S = ±2.5V 

• 

±2 2.20 

V 



R L = 1 00k, V S = ±2.5V 


±2.49 

V 

SR 

Slew Rate 

R L = 1 0k, C L = 50pF, V S = ±2.5V 


1 

V/ps 

GBW 

Gain-Bandwidth Product 

R L = 1 0k, C L = 50pF, V s = ±2.5V 


1 

MHz 

•s 

Supply Current 

No Load 

• 

2.2 3.0 

mA 



SHUTDOWN = 0V 

• 

1.0 5.0 

ma 

l0SD 

Output Leakage Current 

SHUTDOWN = 0V 

• 

±10 ±100 

nA 

Vcp 

Charge Pump Output Voltage 


• 

6.5 7.5 8 

V 

VlL 

Shutdown Pin Input Low Voltage 


• 

2.5 

V 

V|H 

Shutdown Pin Input High Voltage 


• 

4 

V 

•in 

Shutdown Pin Input Current 

Vshutdown = 0V 

• 

-1 -5 

mA 

fcp 

Internal Charge Pump Frequency 

T a = 25°C 


4.7 

MHz 

fsMPL 

Internal Sampling Frequency 

T a = 25°C 


2.3 

kHz 
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ELECTRICAL CHARACTERISTICS 


Vs = 3V, Ta = operating temperature range, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C (Note 1) 


±1 ±10 

pV 

AVos 

Average Input Offset Drift 

(Note 1) 

• 

±10 ±100 

nV/°C 

Ib 

Input Bias Current 

T a = 25° C (Note 2) 


±5 ±100 

PA 




• 

±1000 

PA 

•os 

Input Offset Current 

T a = 25°C (Note 2) 


±10 ±200 

PA 





±500 

PA 

e n 

Input Noise Voltage (Note 3) 

R s =100Q, 0.1 Hz to 10Hz 


2 

pVp.p 



R s = 100H, 0.1 Hz to 1Hz 


0.75 

pVp.p 

•n 

Input Noise Current 

f = 1 0Hz 


0.6 

fAA/Hz 

CMRR 

Common-Mode Rejection Ratio 

V C M = 0Vto 3V, T a = 25°C 

• 

110 130 

dB 

Avol 

Large-Signal Voltage Gain 

R l = 1 0k, Vout = 0.5V to 2.5V 

• 

106 130 

dB 

VoUT 

Maximum Output Voltage Swing (Note 4) 

R l = Ik 

• 

2 2.20 

V 



R l = 1 00k, V S = ±1.5V 

• 

±2 ±1.48 

V 

SR 

Slew Rate 

R L = 1 0k, C L = 50pF, V s = ±1.5V 


1 

V/ps 

GBW 

Gain-Bandwidth Product 

R L = 1 0k, C L = 50pF, V s = ±1.5V 


1 

MHz 

Is 

Supply Current 

No Load 

• 

1.8 2.5 

mA 



SHUTDOWN = 0V 

• 

1.0 5.0 

pA 

l0SD 

Output Leakage Current 

SHUTDOWN = 0V 

• 

±10 

nA 

Vcp 

Charge Pump Output Voltage 


• 

3.6 4.5 5 

V 

V|L 

Shutdown Pin Input Low Voltage 


• 

1.2 

V 

VlH 

Shutdown Pin Input High Voltage 


• 

2.3 

V 

f IN 

Shutdown Pin Input Current 

Vshutdown = °V 

• 

-1 

pA 

fcp 

Internal Charge Pump Frequency 

o 

un 

CVI 

II 


4.2 

MHz 

fsMPL 

Internal Sampling Frequency 

T A = 25°C | 


2.1 

kHz 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels during automated testing. 
Note 2: At T < 0°C these parameters are guaranteed by design and not 
tested. 

Note 3: 0.1 Hz to 1 0Hz noise is specified DC coupled in a 1 0s window; 
0.1Hz to 1Hz noise is specified in a 100s window with an RC highpass 
filter at 0.1Hz. For 100% tested parts, contact LTC Marketing Dept. 


Note 4: All output swing measurements are taken with the load resistor 
connected from output to ground. For single supply tests, only the positive 
swing is specified (negative swing will be 0V due to the pull-down effect of 
the load resistor). For dual supply operation, both positive and negative 
swing are specified. 


RPPLicRTions iRFORmnnon 

Rail-to-Rail Operation 

The LTC1 1 52 is a rail-to-rail input common mode, rail-to- 
rail output swing op amp. Most CMOS op amps (including 
the entire LTC zero-drift amplifier line), and even a few 
bipolar op amps can, and do, claim rail-to-rail output 
swing. One obvious use for such a device is to provide a 
unity gain bufferfor OVto 5 V signals running from a single 
5 V power supply. This is not possible with the vast 
majority of so-called “rail-to-rail" op amps; although the 
output can swing to both rails, the negative input (which 


is connected to the output) will exceed the common-mode 
input range of the device at some point (generally about 
1.5V below the positive supply), opening the feedback 
loop and causing unpredictable and sometimes bizarre 
behavior. 

The LTC1 1 52 is an exception to this rule. It features both 
rail-to-rail output swing and rail-to-rail input common- 
mode range (CMR); the input CMR actually extends be- 
yond either rail by about 0.3V. This allows unity-gain 
buffer circuits to operate with any input signal within the 
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nppucnnons mFonmnnon 

powersupply rails; input signal swing is limited only bythe 
output stage swing into the load. Additionally, signals 
occurring at either rail (power supply current sensing, for 
example) can be amplified without any special circuitry. 

Internal Charge Pump 

The LTC1 152 achieves its rail-to-rail input CMR by using 
a charge pump to generate an internal voltage approxi- 
mately 2V higher than V + . The input stages of the op amp 
are run from this higher voltage, making signals at V + 
appear to be 2V below the front end’s power supply. The 
charge pump is entirely contained within the LTC1 1 52; no 
external components are required. A small amount of 
residual charge pump switching noise will be present on 
the output of the LTC1 1 52. This feedthrough is at 4.7MHz, 
higher than the gain-bandwidth of the LTC1152 and will 
generally not cause any problems. Very sensitive applica- 
tions can reduce this feedthrough by connecting a capaci- 
tor from the CP pin (pin 8) to V + (pin 7); a 0.1 pF capacitor 
will reduce charge pump feedthrough to negligible levels. 
The LTC1 1 52 includes an internal diode from pin 8 to pin 
7 to prevent external parasitic capacitance from lengthen- 
ing start-up time. This diode can stand short-term peak 
currents of about 50mA, allowing it to quickly charge 
external capacitance to ground or V - . Large capacitors 
(>1 pF) should not be connected between pin 8 and ground 
or V" to prevent excessive diode current from flowing at 
start-up. The LTC1152 can withstand continuous short- 
circuits between pin 8 and V + ; however, short-circuiting 
pin 8to ground or V - will cause large amounts of current 
to flowthrough the diode, destroying the LTC1 152. Don’t 
doit. 

Output Drive and Compensation 

The LTC1 1 52 features an enhanced output stage that can 
sinkand source 10mA while maintaining rail-to-rail output 


swing. Additionally, the LTC1152 is unity-gain stable with 
capacitive load up to lOOOpF. Larger capacitive loads can 
be driven by externally compensating the LTC1152. Add- 
ing lOOOpF between COMP (pin 5) and OUT (pin 6) allows 
capacitive loads of up to IpF; 0.1 pF between pins 5 and 6 
allows the LTC1152 to drive infinite capacitive loads. 

Shutdown 

The LTC1 1 52 includes a shutdown pin (pin 1 ). When this 
pin is at V + , the LTC1152 operates normally. An internal 
IpApull-up keeps the pin high if it is left floating. When pin 
1 is pulled low the part enters shutdown mode. Supply 
current drops to IpA, all internal clocking stops and the 
output enters a high impedance state. During shutdown 
the voltage at the CP pin (pin 8) will drop to 0.5V below V + . 
When pin 1 is brought high again a short time will elapse 
before the charge pump regains full voltage. During this 
time the LTC1 1 52 will operate normally, but the input CMR 
may not include V + . Pin 1 is compatible with CMOS logic 
running from the same supply as the LTC1152. Addition- 
ally, the input trip levels allow ground referenced CMOS 
logic signals to interface directly to pin 1 when the LTC1 1 52 
is running from ±5V or ±3V supplies. The internal 1 ppull- 
up also allows pin 1 to interface with open-collector/open- 
drain devices or discrete transistors. 

Zero-Drift Operation 

The LTC1 152 is a zero-drift op amp. Like other LTC zero- 
drift op amps, it features virtually error-free DC perfor- 
mance, very little drift overtime and temperature, and very 
low noise at low frequencies. It will exhibit aliasing behav- 
ior and clock ripple at frequencies nearthe internal 2.3kHz 
sampling frequency. These effects are generally quite 
small and will not affect most applications. For a more 
detailed explanation of zero-drift amplifier behavior, see 
the LTC1051/LTC1053 data sheet. 
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Final Electrical Specifications 

LTC1159/LTC1159-3.3/LTCn59-5 

TECHNOLOGY High Efficiency Synchronous 
Step-Down Switching Regulators 

May 1994 


FEATURES 

■ Operation from 4V to 40V Input Voltage 

■ Ultra-High Efficiency: Up to 95% 

■ 20pA Supply Current in Shutdown 

■ High Efficiency Maintained Over Wide Current Range 

■ Current Mode Operation for Excellent Line and Load 
Transient Response 

■ Very Low Dropout Operation: 100% Duty Cycle 

■ Short-Circuit Protection 

■ Synchronous FET Switching for High Efficiency 

■ Adaptive Non-Overlap Gate Drives 

■ Available in SSOP and SO Packages 

APPUCATIOAS 

■ Notebook and Palmtop Computers 

■ Portable Instruments 

■ Battery-Operated Digital Devices 

■ Industrial Power Distribution 

■ Avionics Systems 

■ Telecom Power Supplies 


DESCRIPTIOA 

The LTC1 1 59 series is a family of synchronous step-down 
switching regulator controllers featuring automatic Burst 
Mode™ operation to maintain high efficiencies at low 
output currents. These devices drive external complemen- 
tary powerMOSFETsat switching frequencies upto 250kHz 
using a constant off-time current-mode architecture. 

A separate pin and on-board switch allow the MOSFET 
driver power to be derived from the regulated output 
voltage providing significant efficiency improvement when 
operating at high input voltages. The constant off-time 
current-mode architecture maintains constant ripple cur- 
rent in the inductor and provides excellent line and toad 
transient response. The output current level is user pro- 
grammable via an external current sense resistor. 

The LTC1159 automatically switches to power saving 
Burst Mode operation when load current drops below 
approximately 1 5% of maximum current. Standby current 
is only 300pA while still regulating the output and shut- 
down current is a low 20pA. 

Burst Mode is a trademark of Linear Technology Corporation. 


TYPICAL RPPUCRTIOn 


V|N 



Figure 1. High Efficiency Step-Down Regulator 



0.02 0.2 2 
LOAD CURRENT (A) 

LTC1159 ♦ TAOt 
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LTC1159/LTC1 159-3. 3/LTC1 159-5 


absolute mnximum nmmGs 


Input Supply Voltage (Pin 2) - 1 5V to 60V 

Vcc Output Current (Pin 3) 50mA 

Continuous Pin Currents (Any Pin) 50mA 

Sense Voltages -0.3V to 13V 

Shutdown Voltages 7V 

EXTVcc Input Voltage 15V 


Operating Temperature Range 0°C to 70°C 

Extended Commercial 

Temperature Range -40°C to 85°C 

Junction Temperature (Note 1) 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG6/ORDER IRFORfflRTIOn 



TOP VIEW 


ORDER PART 

P-GATE (T 

w 

2^ CAP 

NUMBER 

V|N U 


19] SHDN2 


Vcc E 


13 EXTVcc 

LTC1159CG 

P-DRIVE [T 


TF] p-gnd 

LTC1159CG-3.3 

P-DRIVE |T 


TO N-GATE 

LTC1 159CG-5 

Vcc U 


J3 P-GND 


Vcc [E 


]T| S-GND 


Ct [T 


U SHDN1 


Ith 0[ 


H v FB 


SENSE" [To 


TT] SENSE* 



G PACKAGE 



20-LEAD PLASTIC SSOP i 


Tjmax 

= 125°C,6j A = 135°C/W 



P-GATE \T 

TOP VIEW 

C7 

T3 cap 

ORDER PART 
NUMBER 

Vin E 


T3 SHDN2 


Vcc E 


ID EXTVcc 

LTC1159CN 

P-DRIVE [T 


H] N-GATE 

LTC1159CN-3.3 

Vcc Cl 


12] P-GND 

LTC1 159CN-5 

Ct [I 


TT] S-GND 

LTC1159CS 

Ith H 


JO] V fb (SHDN1)‘ 

LTC1 1 59CS-3.3 

SENSE" [T 


T] SENSE* 

LTC1 159CS-5 

N PACKAGE S PACKAGE 


16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC 


‘FIXED OUTPUT VERSIONS 


Tjmax ! 

= 125°C, 0 JA = 80°C/W (N) 


Tjmax = 

:125°C,e JA =110 o C/W(S) 



Consult factory for Industrial and Military grade parts. 


€L€CTRICRl CHARACTERISTICS Ta = 25°C, Vin = 12V, Vshdni = OV (Note 2), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vfb 

Feedback Voltage (LTC1159 Only) 


• 

1.21 

1.25 

1.29 

V 

Ifb 

Feedback Current (LTC1159 Only) 


• 

0.2 | 

pA 

VoUT 

Regulated Output Voltage 

V,n = 9V 







LTC1 159-3.3 

Iload = 700mA 

• 

3.23 

3.33 

3.43 

V 


LTC1 159-5 

Iload = 700mA 

• 

4.90 

5.05 

5.20 

V 

AVout 

Output Voltage Line Regulation 

Vin = 9V to 40V 


-40 

0 

40 

mV 


Output Voltage Load Regulation 








LTC1 159-3.3 

5mA < Iload < 2A 

• 


40 

65 

mV 


LTC1 159-5 

5mA < Iload < 2A 

• 


60 

100 

mV 


Burst Mode Output Ripple 

Iload = 0A 


! 50 i 

mVp.p 

!|N 

V| N Pin Current (Note 3) 








Normal Mode 

V| N = 1 2V, EXTVcc = 5V 



200 


mA 



V, N = 40V, EXTVcc =5V 



300 


ma 


Shutdown 

V|N = 12V,V SHD n2 = 2V 



15 


mA 



Vin = 40V, Vshdn2 = 2V 



25 


mA 

Iextvcc 

EXTVcc Pin Current (Note 3) 

EXTVcc = 5V, Sleep Mode 


| 250 | 

pA 

Vcc 

Internal Regulator Voltage 

Vim = 12V to 40V, EXTVcc = OV, l cc = 10mA 

• 

4.25 

4.5 

4.75 

V 

V|N -Vcc 

Vcc Dropout Voltage 

Vin = 4V, EXTVcc = Open, lcc = 1 0mA 



300 

400 

mV 
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ELECTRICAL CHARACTERISTICS Ta = 25°C, Vin = 12V, Vshdni = OV (Note 2), unless otherwise noted. 


SYMBOL 

PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VeXT-Vcc 

EXTVcc Switch Drop 

Vin = 12V, EXTVcc = 5V, Iswitch = 10mA 



250 

350 

mV 

Vp-GATE “ V|N 

P-Gate to Source Voltage (Off) 

Vin = 1 2V 


-0.2 

0 


V 



Vin = 40V 


-0.2 

0 


V 

VsENSE + ~ 

Current Sense Threshold Voltage 







VsENSE" 

LTC1159 

Vsense- = 5V, V ra * 1.32V (Forced) 



25 


mV 



Vsense" = 5V, Vfb = 1.15V (Forced) 

• 

130 

150 

170 

mV 


LTC1 159-3.3 

VsENSE" = 3.4V (Forced) 



25 


mV 



Vsense" = 3.1V (Forced) 

• 

130 

150 

170 

mV 


LTC1 159-5 

Vsense" = 5.2V (Forced) 



25 


mV 



Vsense" = 4-7V (Forced) 

• 

130 

150 

170 

mV 

VSNDN1 

SHDN1 Threshold 

LTC1159CG, LTC1 159-3.3, LTC1 159-5 



0.6 

0.8 

2 

V 

VSHDN2 

SHDN2 Threshold 



0.8 

1.4 

2 

V 

•sHDN2 

Shutdown 2 Input Current 

V SHDN2 = 5V 



12 

20 

pA 

Id 

Cj Pin Discharge Current 

Vout in Regulation 


50 

70 

90 

pA 



V OU T = 0V 



2 

10 

pA 

t0FF 

Off-Time (Note 4) 

C T = 390pF, l L0AD = 700mA, V !N = 10V 

• 

4 

5 

6 

ps 


Driver Output Transition Times 

Cl = 3000pF (Pins P-Drive and N-Gate), Vin = 6V 



100 

200 

ns 

-40°C<T A < 

; 85°C (Note 5) 







SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vfb 

Feedback Voltage (LTC1159 Only) 


1.2 

1.25 

1.3 

V 

VoUT 

Regulated Output Voltage 

V,n = 9V 







LTC1 159-3.3 

1 LOAD = 700mA 


3.17 

3.30 

3.43 

V 


LTC1 159-5 

Iload = 700mA 


4.85 

5.05 

5.25 

V 

■in 

Vin Pin Current (Note 3) 








Normal 

V| N = 12V, EXTVcc =5V 



200 


mA 



Vin = 40V, EXTVcc =5V 



300 


pA 


Shutdown 

V|n = 12V, Vshdn2 = 2V 



15 


pA 



Vin = 40V, V S hdn2 = 2V 



25 


pA 

Iextvcc 

EXTVcc Pin Current (Note 3) 

EXTVcc = 5V, Sleep Mode 

250 

pA 

Vcc 

Internal Regulator Voltage 

V| N = 12V to 40V, EXTVcc = 0V, l CC = 10mA 

4.5 

V 

VsENSE + ~ 

Current Sense Threshold Voltage 

Low Threshold (Forced) 



25 


mV 

VSENSE" 


High Threshold (Forced) 


125 

150 

175 

mV 

V SHDN2 

SHDN2 Threshold 


0.8 

1.4 

2 

V 

tOFF 

Off-Time (Note 4) 

C T = 390pF, l L0AD = 700mA, V, N = 10V 

3.5 

5 

6.5 

ps 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation P D according to the following formulas: 

LTC1159CG, LTC1159CG-3.3, LTC1 1 59CG-5: Tj = T A + (P D x135°C/W) 
LTC1 1 59CN, LTC1 1 59CN-3.3, LTC1 1 59CN-5: Tj = T a + (P D x 80°C/W) 
LTC1 1 59CS, LTC1 1 59CS-3.3, LTC1 1 59CS-5: Tj = T A + (P D x 1 1 0°C/W) 
Note 2: On LTC1159 versions which have a SHDN1 pin, it must be at 
ground potential fortesting. 

Note 3: The LTC1159 Vin and EXTVcc current measurements exclude 
MOSFET driver currents. When Vcc power is derived from the output via 


EXTVcc, the input current increases by (Igatechg x Duty Cycle)/(Efficiency). 
See Typical Performance Characteristics and Applications Information. 

Note 4: In applications where Rsense is placed at ground potential, the off- 
time increases approximately 40%. 

Note 5: The LTC1159, LTC1 159-3.3, and LTC1 159-5 are not tested and 
not quality assurance sampled at-40°C and 85°C. These specifications 
are guaranteed by design and/or correlation. 

Note 6: The logic-level power MOSFETs shown in Figure 1 are rated for 
Vds(MAX) = 30V. For operation at Vjm > 30V, use standard threshold 
MOSFETs with EXTVcc powered from a 12V supply. See Applications 
Information. 
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LTC1159/LTC1159-3.3/LTC1 159-5 

TYPICAL PCAFORmnnCC CHARACTERISTICS 


Efficiency vs Input Voltage 



80 I I I I I I Y///W///A 

0 5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 


LTC1159-TPC01 


EXTVcc Pin Current 



INPUT VOLTAGE (V) 


LTC1 159 • TPC04 


Line Regulation 



INPUT VOLTAGE (V) 

LT1159- TPC02 


Load Regulation 



LTC1159* TPC03 


Vin Pin Current 



IN PUT VOLTAGE (V) 

ITC1 159 • TPCOS 


Operating Frequency 



(Vin-Vout) VOLTAGE (V) 


LTC1 159 » TPC06 


EXTVcc Switch Drop 




E 

I 



0 5 10 15 20 



Current Sense Threshold Voltage 



SWITCH CURRENT (mA) 


OUTPUT VOLTAGE (V) 


TEMPERATURE (°C) 


LTC1159 • TPC07 


LTC1 159 • TPC08 


LTC11S9.TPC09 
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pm Funcnons 

Vin: Main Supply Input Pin. 

S-GND: Small Signal Ground. Must be routed separately 
from other grounds to the (-) terminal of Cout. 

P-GND: Driver Power Grounds. Connect to source of N- 
channel MOSFET and the (-) terminal of Cin. 

Vcp: Outputs of internal 4.5V linear regulator, EXTVcc 
switch, and supply inputs for driver and control circuits. 
The driverand control circuitsare powered from the higher 
of the 4.5V regulator or EXTVcc voltage. Must be closely 
decoupled to power ground. 

Cy: External capacitor Cj from this pin to ground sets the 
operating frequency. (The frequency is also dependent on 
the ratio Vqut/Vin.) 

Ith : Gain Amplifier Decoupling Point. The current com- 
parator threshold increases with the Ith Pin voltage. 

Vfb: For the LTC1159 adjustable version, the Vfb pin 
receives the feedback voltage from an external resistive 
divider used to set the output voltage. 

Sense": Connects to internal resistive divider which sets 
the output voltage in fixed output versions. The Sense" pin 
is also the (-) input of the current comparator. 


Sensed The (+) Inputforthe Current Comparator. A built- 
in offset between the Sense + and Sense" pins, in conjunc- 
tion with Rsense. sets the current trip threshold. 

N-Gate: High Current Drive for the Bottom N-Channel 
MOSFET. The N-Gate pin swings from ground to Vcc- 

P-Gate: Level-Shifted Gate Drive Signal for the Top 
P-Channel MOSFET. The voltage swing at the P-gate pin is 
from V| N to V| N - V C c- 

P-Drive: High Current Gate Drive for the Top P-Channel 
MOSFET. The P-drive pin(s) swing(s) from Vcc to ground. 

CAP: Charge Compensation Pin. A capacitor to V c c pro- 
vides charge required by the P-gate level-shift capacitor 
during supply transitions. The charge compensation ca- 
pacitor must be larger than the gate drive capacitor. 

SHDN1 : This pin shuts down the control circuitry only (Vcc 
is not affected). Taking SHDN1 pin high turns off the 
control circuitry and holds both MOSFETs off. This pin 
must be at ground potential for normal operation. 

SHDN2: Master Shutdown Pin. Taking SHDN2 high shuts 
down Vcc and all control circuitry. 


OPCRHTIOn (Refer to Functional Diagram) 

The LTC1159 uses a current mode, constant off-time 
architecture to synchronously switch an external pair of 
complementary power MOSFETs. Operating frequency is 
set by an external capacitor at the Cj pin. 

The output voltage is sensed either by an internal voltage 
divider connected to the Sense" pin (LTC1 159-3.3 and 
LTC1 1 59-5) or an external divider returned to the V F b pin 
(LTC1 1 59). A voltage comparator V, and a gain block G, 
compare the divided output voltage with a reference 
voltage of 1.25V. To optimize efficiency, the LTC1159 
automatically switches between two modes of operation, 
burst and continuous. 

A low dropout 4.5V regulator provides the operating volt- 
age Vcc for the MOSFET drivers and control circuitry 
during start-up. During normal operation, the LTC1159 
family powers the drivers and control from the output via 
the EXTVcc pin to improve efficiency. The N-gate pin is 
referenced to ground and drives the N-channel MOSFET 


gate directly. The P-channel gate drive must be referenced 
to the main supply input Vin, which is accomplished by 
level-shifting the P-drive signal via an internal 550k resis- 
tor and external capacitor. 

During the switch “ON” cycle in continuous mode, 
current comparator C monitors the voltage between the 
Sense + and Sense" pins connected across an external 
shunt in series with the inductor. When the voltage 
across the shunt reaches its threshold value, the P-gate 
output is switched to V| N , turning off the P-channel 
MOSFET. The timing capacitor Ct is now allowed to 
discharge at a rate determined bythe off-timecontroller. 
The discharge current is made proportional to the 
output voltage to model the inductor current, which 
decays at a rate which is also proportional to the output 
voltage. While the timing capacitor is discharging, the 
N-gate output is high, turning on the N-channel 
MOSFET. 
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opcftflTion (Relerto Functional Diagram) 

When the voltage on Ct has discharged past Vthi, com- 
parator! trips, setting the flip-flop. This causes the N-gate 
output to go low (turning off the N-channel MOSFET) and 
the P-gate output to also go low (turning the P-channel 
MOSFET back on). The cycle then repeats. As the load 
current increases, the output voltage decreases slightly. 
This causes the output of the gain stage to increase the 
current comparator threshold, thus tracking the load 
current. 

The sequence of events for Burst Mode operation is very 
similar to continuous operation with the cycle interrupted 
by the voltage comparator. When the output voltage isat or 
above the desired regulated value, the P-channel MOSFET 
is held off by comparator V and the timing capacitor 
continues to discharge below Vjhi - When the timing 
capacitor discharges past Vjh 2 . voltage comparator S 
trips, causing the internal SLEEP line to go low and the 
N-channel MOSFET to turn off. 


The circuit now enters sleep mode with both power 
MOSFETs turned off. In sleep mode, much of the cir- 
cuitry is turned off, dropping the supply current from 
several milliamps (with the MOSFETs switching) to 
300 |jA. When the output capacitor has discharged by 
the amount of hysteresis in comparator V, the P-channel 
MOSFET is again turned on and this process repeats. T o 
avoid the operation of the current loop interfering with 
Burst Mode operation, a built-in offset is incorporated in 
the gain stage. 

To prevent both the external MOSFETs from being turned 
on at the same time, feedback is incorporated to sense the 
state of the driver output pins. Before the N-gate output can 
go high, the P-drive output must also be high. Likewise, the 
P-drive output is prevented from going low when the N- 
gate output is high. 


FuncTionm DinGRnm Internal divider broken at Vfb for adjustable versions. 



13-16 


jjm m 













LTC 1 1 59/ LTC 1 1 59-3 . 3 / LTC 1 1 59-5 


nppucnnons mFonmnnon 

The LTC1159 Compared to the LTC1148/LTC1149 
Families 

The LTC1 1 59 family is closest in operation to the LTC1 1 49 
and shares much of the applications information. In addi- 
tion to reduced quiescent and shutdown currents, the 
LTC1159 adds an internal switch which allows the driver 
and control sections to be powered from an external 
source for higher efficiency. This change affects Power 
MOSFET Selection, EXTVcc Pin Connection, Important 
Information About LTC1 159 Adjustable Applications, and 
Efficiency Considerations found in this section. 

The basic LTC1 1 59 application circuit shown in Figure 1 
is limited to a maximum input voltage of 30V due to 
MOSFET breakdown. If the application does not require 
greater than 18V operation, then the LTC1148 or 
LTC1148HV should be used. For higher input voltages 
where quiescent and shutdown currentare not critical, the 
LTC1 1 49 may be a better choice since it is set up to drive 
standard threshold MOSFETs. 

Rsense Selection for Output Current 

Rsense is chosen based on the required output current. The 
LTC1 1 59 current comparator has a threshold range which 
extends from a minimum of 0.025 V/Rsense to a maximum 
of 0.15V/Rsense- The current comparator threshold sets 
the peak of the inductor ripple current, yielding a maximum 
output current Imax equal to the peak value less half the 
peak-to-peak ripple current For proper Burst Mode opera- 
tion, Iripple(P-p) must be less than or equal to the minimum 
current comparator threshold. 

Since efficiency generally increases with ripple current, 
the maximum allowable ripple current is assumed, i.e., 
Iripple(p-p) = 0.025V/Rsense (see Cy and L Selection for 
Operating Frequency). Solving for Rsense and allowing 
a margin for variations in the LTC1159 and external 
component values yields: 

r sense = 

■max 

A graph for selecting Rsense versus maximum output 
current is given in Figure 2. The LTC1 1 59 series works well 
with values of Rsense from 0.02ft to 0.2ft. 

The load current below which Burst Mode operation com- 
mences, Iburst. and the peak short-circuit current, Isc(PK). 


both track Imax- Once Rsense has been chosen, Iburst and 
Isc(pk) can be predicted from the following equations: 


■burst “ 


15mV 

r sense 


■SC(PK) = 


150mV 

Rsense 


The LTC1159 automatically extends toFF daring a short 
circuit to allow sufficient time for the inductor current to 
decay between switch cycles. The resulting ripple current 
causes the average short-circuit current Isc(AVG) to be 
reduced to approximately Imax- 



MAXIMUM OUTPUT CURRENT (A) 

IIC11S9-F02 

Figure 2. Rsense vs Maximum Output Current 


L and Cp Selection for Operating Frequency 

The LTC1159 uses a constant off-time architecture with 
toFF determined by an external timing capacitor Cp. The 
value of Cp is calculated from the desired continuous mode 
operating frequency, f: 

r 7.8x10-5 h V 0 ut\ 

Ct= — f — rw) 

A graph for selecting Cp versus frequency including the 
effects of input voltage is given in Figure 3. 

As the operating frequency is increased the gate charge 
losses will be higher, reducing efficiency (see Efficiency 
Considerations). The complete expression for operating 
frequency is given by: 
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0 50 100 150 200 250 

FREQUENCY (kHz) 


LTC1159 • F03 

Figure 3. Timing Capacitor Selection 


t = J_(i _ Youi 

tOFF \ V| N 

where toFF = 1.3 x 10^ x Cj 

Once the frequency has been set by Or, the inductor L 
must be chosen to provide no more than 0.025V/Rsense 
of peak-to-peak inductor ripple current. This results in a 
minimum required inductor value of: 

Lmin = 5-1 x 1 0 5 x Rsense x Ct x Vreg 

As the inductorvalueisincreased from the minimum value, 
the ESR requirements forthe output capacitor are eased at 
the expense of efficiency. If too small an inductor is used, 
the LTC1159 may not enter Burst Mode operation and 
efficiency will be severely degraded at low currents. 

Inductor Core Selection 

Once the minimum value for L is known, the type of 
inductor must be selected. High efficiency converters 
generally cannot afford the core loss found in low cost 
powdered iron cores, forcing the use of more expensive 
ferrite, molypermalloy, orKool Mp® cores. Actual core loss 
is independent of core size for a fixed inductor value, but it 
is very dependent on the inductance selected. As induc- 
tance increases, core losses go down but copper (l 2 R) 
losses will increase. 

Ferrite designs have very low core loss, so design goals can 
concentrate on copper loss and preventing saturation. 
Ferrite core material saturates “hard,” which means that 

Kool Mp is a registered trademark of Magnetics, Inc. 


inductance collapses abruptly when the peak design cur- 
rent is exceeded. This results in an abrupt increase in 
inductor ripple current and consequent output voltage 
ripple which can cause Burst Mode operation to be falsely 
triggered in the LTC1 1 59. Do not allowthe core to saturate! 

Molypermalloy (from Magnetics, Inc.) is a low loss core 
material for toroids, but it is more expensive than ferrite. 
A reasonable compromise from the same manufacturer is 
Kool Mp. Toroids are very space efficient, especially when 
you can use several layers of wire. Because they generally 
lack a bobbin, mounting is more difficult. However, new 
surface mount designs available from Coiltronics do not 
increase the height significantly. 

Power MOSFET Selection 

Two external power MOSFETs must be selected for use 
with the LTC1159: a P-channel MOSFET for the main 
switch and an N-channel MOSFET for the synchronous 
switch. 

The peak-to-peak d rive levels are set by the Vcc voltage on 
the LTC1 1 59. This voltage is typically 4.5V during start-up 
and 5 V to 7 V during normal operation (see EXTVcc Pin 
Connection). Consequently, logic-level threshold 
MOSFETs must be used in mostLTC1 159 family applica- 
tions. The only exception is applications in which EXTVcc 
is powered from an external supply greater than 8V, in 
which standard threshold MOSFETs (Vgs(th) < 4V) may be 
used. Pay close attention to the BVdss specification forthe 
MOSFETs as well; many of the logic-level MOSFETs are 
limited to 30V. 

Selection criteria forthe power MOSFETs include the “ON” 
resistance Rds(ON), reverse transfer capacitance Crss, 
input voltage, and maximum output current. When the 
LTC1159 is operating in continuous mode, the duty cycle 
for the P-channel MOSFET is given by: 

P-Ch Duty Cycle = ^ 

V| N 


N-Ch Duty Cycle 

V IN 

The MOSFET dissipations at maximum output current are 
given by: 
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PCh P ° = ^ MAX ^ 2 ^ + ^ R DS(0N) + 

k(V| N ) 2 (Imax) (Crss) (f) 

N ' Ch Pd = ^¥|T LT (Imax)2 (1 + d " ] Rds < on ) 

where 3 is the temperature dependency of Rqs(on) and k 
is a constant inversely related to the gate drive current. 

Both MOSFETs have l 2 R losses while the P-channel 
equation includes an additional term fortransition losses, 
which are highest at high input voltages. For % < 20V the 
high current efficiency generally improves with larger 
MOSFETs, while forV|N>20Vthe transition losses rapidly 
increase to the point that the use of a higher Rds(ON) 
device with lower Crss actually provides higher effi- 
ciency. The N-channel MOSFET losses are the greatest at 
high input voltage or during a short circuit when the N- 
channel duty cycle is nearly 100%. 

The term (1 + 3) is generally given fora MOSFET in the form 
of a normalized Rds(ON) vs Temperature curve, but 
3 = 0.007/°C can be used as an approximation for low 
voltage MOSFETs. Crss is usually specified in the MOSFET 
electrical characteristics. The constant k= 5 can be used for 
the LTC1159 to estimate the relative contributions of the 
two terms in the P-channel dissipation equation. 

The Schottky diode D1 shown in Figure 1 only conducts 
during the dead time between the conduction of the two 
power MOSFETs. D1 prevents the body diode of the 
N-channel MOSFET from turning on and storing charge 
during the dead time, which could costas much as 1% in 
efficiency (although there are no other harmful effects if 
D1 is omitted). Therefore, D1 should be selected for a 
forward voltage of less than 0.6V when conducting Imax- 

Cin and Cout Selection 

In continuous mode, the source current of the P-channel 
MOSFET is a square wave of duty cycle V 0 ut/V|n. 
To prevent large voltage transients, a low ESR input 
capacitor sized for the maximum RMS current must be 
used. The maximum RMS capacitor current is given by: 

C| N Required l RMS - 'm ax [Vout(^-V 0 ut)] 1/2 


This formula has a maximum at Vin = 2Vout, where 
Irms = Imax/2- This simple worst case condition is com- 
monly used for design because even significant deviations 
donotoffermuch relief. Note that capacitor manufacturer’s 
ripple current ratings are often based on only 2000 hours 
of life. This makes it advisable to further derate the 
capacitor, or to choose a capacitor rated at a higher 
temperature than required. Several capacitors may be 
paralleled to meet size or height requirements in the 
design. An additional 0.1 pF ceramic capacitor may also be 
required on V| N for high frequency decoupling. 

The selection of Cout is driven by the required effective 
series resistance (ESR). The ESR of Cout must be less than 
twice the value of Rsense f° r proper operation of the 
LTC1159: 

Cout Required ESR < 2Rsense 

Optimum efficiency is obtained by making the ESR equal to 
Rsense- Manufacturers such as Nichicon, Chemicon, and 
Sprague should be considered for high performance ca- 
pacitors. The OS-CON semiconductor dielectric capacitor 
available from Sanyo has the lowest ESR for its size at a 
somewhat higher price. Once the ESR requirement for 
Cout has been met, the RMS current rating generally far 
exceeds the Iripple(p-p) requirement. 

In surface mount applications multiple capacitors may 
have to be paralleled to meet the capacitance, ESR, or RMS 
current handling requirements of the application. Alumi- 
num electrolytic and dry tantalum capacitors are both 
available in surface mount configurations. In the case of 
tantalum, it is critical that the capacitors are surge tested 
for use in switching power supplies. An excellent choice is 
the AVXTPS series of surface mount tantalums, available 
in case heights ranging from 2mm to 4mm. For example, 
if 200pF/1 OV is called for in an application requiring 3mm 
height, two AVX 1 00pF/1 OV (P/N TPSD1 07K01 0) could be 
used. Consult the manufacturer for other specific recom- 
mendations. 

At low supply voltages, a minimum value of Cout is 
suggested to prevent an abnormal low frequency oper- 
ating mode (see Figure 4). When Cout is too small, the 
output ripple at low frequencies will be large enough to 
trip the voltage comparator. This causes the Burst Mode 
operation to be activated when the LTC1159 would 
normally be in continuous operation. The effect is most 
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(Vin-Vout) VOLTAGE <V) 


Figure 4. Minimum Suggested Cout 

pronounced with low values of Rsense and can be 
improved by operating at higher frequencies with lower 
values of L. The output remains in regulation at all times. 

Checking Transient Response 

Switching regulators take several cycles to respond to a 
step in DC (resistive) load current. When a load step 
occurs, Vout shifts by an amount equal to AIload x ESR, 
where ESR is the effective series resistance of Cout- 
AIload also begins to charge or discharge Cout until the 
regulator loop adapts to the current change and returns 
Vout to its steady state value. During this recovery time 
Vourr can be monitored for overshoot or ringing which 
would indicate a stability problem. The Ith external 
components shown in the Figure 1 circuit will provide 
adequate compensation for most applications. 

A second, more severe transient is caused by switching in 
loads with large (>1pF) supply bypass capacitors. The 
discharged bypass capacitors are effectively put in parallel 
with Cout. causing a rapid drop in Vout- Mo regulator can 
deliver enough current to prevent this problem if the load 
switch resistance is low and it is driven quickly. The only 
solution is to limit the rise time of the switch drive so that 
the load rise time is limited to approximately 25 x Cload- 
Thus a 10pF capacitor would require a 250ps rise time, 
limiting the charging current to about 200mA. 

EXTVcc Pin Connection 

The LTC1 159 contains an internal PNP switch connected 
between the EXTVcc and Vcc pins. The switch closes and 


supplies the Vcc power whenever the EXTVcc P in ' s higher 
in voltage than the 4.5V internal regulator. This allows the 
MOSFET driver and control power to be derived from the 
output during normal operation and from the internal 
regulator when the output is out of regulation (start-up, 
short circuit). 

Significant efficiency gains can be realized by powering Vcc 
from the output, since the Vin current resulting from the 
driver and control currents will be scaled by a factor of 
(Duty Cycle)/(Efficiency). For 5 V regulators this simply 
means connecting the EXTVcc P in directly to Vout- How- 
ever, for 3.3V and other low voltage regulators, additional 
circuitry is required to derive Vcc P° wer from the output. 

The following list summarizes the four possible connec- 
tions for EXTVcc: 

1 . EXTVcc Left Open. This will cause Vcc t° be powered 
only from the internal 4.5V regulator resulting in re- 
duced MOSFET gate drive levels and an efficiency pen- 
alty of up to 10% at high input voltages. 

2. EXTVcc Connected Directly to Vout- This is the normal 
connection for a 5 V regulator and provides the highest 
efficiency. 

3. EXTVcc Connected to an Output-Derived Boost Net- 
work. For 3.3V and other low voltage regulators, effi- 
ciency gains can still be realized by connecting EXTVcc 
to an output-derived voltage which has been boosted to 
greater than 4.5V. This can be done either with the 
inductive boost winding shown in Figure 5a or the 
capacitive charge pump shown in Figure 5b. The charge 
pump has the advantage of simple magnetics and gen- 
erally provides the highest efficiency at the expense of a 
slightly higher parts count. 
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V|« 



4. EXTVcc Connected to an External Supply. If an external 
supply is available in the 5 V to 1 2 V range, it may be used 
to power EXTVcc providing it is compatible with the 
MOSFET gate drive requirements. When driving stan- 
dard threshold MOSFETs, the external supply must 
always be present during operation to prevent MOSFET 
failure due to insufficient gate drive. The LTC1 149family 
should also be considered for applications which re- 
quire the use of standard threshold MOSFETs. 

Important Information About LTC1159 Adjustable 
Applications 

When an output voltage otherthan 3.3 V or 5V is required, 
the LTC1159 adjustable version is used with an external 
resistive divider from Vout to the V FB pin (Figure 6). The 


regulated voltage is determined by: 

V 0 UT = (l + If) 1 -25V 

The Vfb pin is extremely sensitive to pickup from the 
inductor switching node. Care should be taken to isolate 
the feedback network from the inductor, and the lOOpF 
capacitorshould be connected between the V FB and S-GND 
pins next to the package. 

In LTC1159N and LTC1159S applications with Vout > 
5.5V, the V C c pin may self-power through the Sense pins 
when SHDN2 is taken high, preventing shutdown. In these 
applications, a pull-down must be added to the Sense - pin 
as shown in Figure 6. This pull-down effectively takes the 
place of the SHDN1 pin, ensuring complete shutdown. 
Note: For versions in which both the SHDN1 and SFIDN2 
pins are available (LTC1159G and all fixed output ver- 
sions), the two pins are simply connected to each other and 
driven together to guarantee complete shutdown. 

The Figure 6 circuit cannot be used to regulate a Vout 
which is greater than the maximum voltage allowed on 
the LTC1159 Sense pins (13V). In applications with 
Vout > 1 3V, Rsense must be moved to the ground side of 
the output capacitor and load. This operates the current 
sense comparator at OV common mode, increasing the 
off-time approximately 40% and requiring the use of a 
smaller timing capacitor Cj. 


Vim 
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Efficiency Considerations 

The percent efficiency of a switching regulator is equal to 
the output power divided by the input power times 1 00%. 
It is often useful to analyze individual losses to determine 
what is limiting the efficiency and which change would 
produce the most improvement. Percent efficiency can be 
expressed as: 

%Efficiency = 100 - (LI + L2 + L3 + ...) 

where LI , L2, etc., are the individual losses as a percentage 
of input power. 

Although all dissipative elements in the circuit produce 
losses, four main sources usually account for most of the 
losses in LTC1159 circuits: 1) LTC1159 % current, 2) 
LTC1159 Vcc current, 3) l 2 R losses, and 4) P-channel 
transition losses. 

1. LTC1159 V| N current is the DC supply current given in 
the electrical characteristics which excludes MOSFET 
driverand control currents. Vin current results in a small 
(<1%) loss which increases with Viw. 

2. LTC1159 Vcc current is the sum of the MOSFET driver 
and control circuit currents. The MOSFET drivercurrent 
resultsfrom switching the gate capacitance of the power 
MOSFETs. Each time a MOSFET gate is switched from 
low to high to low again, a packet of charge dQ moves 
from Vcc to ground. The resulting dQ/dt is a current out 
of Vcc which is typically much larger than the control 
circuit current. In continuous mode, Iqatechg (Qp+ 
Qn), where Qp and Qn are the gate charges of the two 
MOSFETs. 

By powering EXTVccfrom an output-derived source, the 
additional V| N current resulting from the driver and 
control currents will be scaled by a factor of 
(Duty Cycle)/(Eff iciency) . For example in a 20V to 5 V 
application, 10mA of Vcc current results in approxi- 
mately 3m A of V| N cu rrent. This red uces the mid-cu rrent 
loss from 10% or more (if the driver was powered 
directly from %) to only a few percent. 

3. 1 2 R losses are easily predicted from the DC resistances 
of the MOSFET, inductor, and current shunt. In con- 
tinuous mode all of the output current flows through L 
and Rsense. but is “chopped” between the P-channel 
and N-channel MOSFETs. If the two MOSFETs have 


approximately the same Rds(ON). then the resistance of 
one MOSFET can simply be summed with the resis- 
tances of L and Rsense to obtain l 2 R losses. For 
example, if each Rds(ON) = 0.1£2, Rl = 0.150, and 
Rsense = 0.050, then the total resistance is 0.3Q. This 
results in losses ranging from 3% to 1 2% as the output 
current increases from 0.5Ato 2A. I 2 R losses cause the 
efficiency to roll-off at high output currents. 

4. Transition losses apply only to the P-channel MOSFET, 
and only when operating at high input voltages (typi- 
cally 20V or greater). Transition losses can be esti- 
mated from: 

Transition Loss = 5(V| N ) 2 (l M Ax)(C R ss)(f) 

Other losses including Cin and Cout ESR dissipative losses, 
Schottky conduction losses during dead time, and inductor 
core losses, generally account for less than 2% total 
additional loss. 

Auxiliary Windings - Suppressing Burst Mode 
Operation 

The LTC1 1 59 synchronous switch removes the normal 
limitation that power must be drawn from the inductor 
primary winding in orderto extract powerfrom auxiliary 
windings. With synchronous switching, auxiliary out- 
puts may be loaded without regard to the primary output 
load, providing that the loop remains in continuous 
mode operation. 

Burst Mode operation can be suppressed at low output 
currents with a simple external network which cancels the 
0.025Vminimum current comparatorthreshold. This tech- 
nique is also useful for eliminating audible noise from 
certain types of inductors in high current (Iqut > 5A) 
applications when they are lightly loaded. 

An external offset is put in series with the Sense - pin to 
subtract from the built-in 0.025V offset. An example of this 
technique is shown in Figure 7. Two 100L2 resistors are 
inserted in series with the leads from the sense resistor. 
With the addition of R3, a current is generated through Rl 
causing an offset of: 

VoFFSET^OUljf^y 
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if Voffset > 0.025V, the minimum threshold will be 
cancelled and Burst Mode operation is prevented from 
jccurring. Since Voffset is constant, the maximum load 
current is also decreased by the same offset. Thus, to get 
oackto the same Imax. the value of the sense resistor must 
)e reduced: 

r sense ~ j — 

'max 

To prevent noise spikes from erroneously tripping the 
lurrent comparator, a lOOOpF capacitor is needed across 
he Sense - and Sense + pins. 



Figure 7. Suppressing Burst Mode Operation 


Board Layout Checklist 

When laying out the printed circuit board, the following 
checklist should be used to ensure proper operation of the 
LTC1159. These items are also illustrated graphically in 
the layout diag ram of Figure 8. Check the following in your 
layout: 

1 ) Are the signal and power grounds segregated? The 
LTC1 159 signal ground must connect separately to the 
(-) plate of Cout- The otherground pin(s) should return 
to the source of the N-channel MOSFET, anode of the 
Schottky diode, and (-) plate of Cin, which should have 
as short lead lengths as possible. 

2) Does the LTC1 1 59 Sense - pin connect to a point close 
t0 Rsense and the (+) plate of Cout? In adjustable 
applications, the resistive divider R1 , R2 must be con- 
nected between the (+) plate of Cout and signal ground. 

3) Are the Sense - and Sense + leads routed together with 
minimum PC trace spacing?The differential decoupling 
capacitor between the two Sense pins should be as 
close as possible to the LTC1 1 59. Up to 1 00£2 may be 
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placed in series with each sense lead to help decouple 
the Sense pins. However, when these resistors are 
used, the capacitor should be no larger than 1 0OOpF. 

4) Does the (+) plate of Cin connect to the source of the 
P-channel MOSFET as closely as possible? An addi- 
tional 0.1 pF ceramic capacitor between V| N and power 
ground may be required in some applications. 

5) Is the Vcc decoupling capacitor connected closely be- 
tween the Vcc P ins of the LTC1 1 59 and power ground? 
This capacitor carries the MOSFET driver peak currents. 

6) In adjustable versions, thefeedback pin is very sensitive 
to pickup from the switch node. Care must be taken to 
isolate V P b from possible capacitive coupling of the 
inductor switch signal. 

7) Is the SHDN1 pin actively pulled to ground during 
normal operation? SHDN1 is a high impedance pin and 
must not be allowed to float. 

Troubleshooting Hints 

Since efficiency is critical to LTC1 1 59 applications it is very 

important to verify that the circuit is functioning correctly 


in both continuous and Burst Mode operation. The wave- 
form to monitor is the voltage on the Cj pin . 

In continuous mode (Iload > 'burst) the voltage should be 
a sawtooth with a 0.9V P . P swing. This voltage should never 
dip below 2V as shown in Figure 9a. When the load current 
is low (Iload < 'burst). Burst Mode operation should occur 
with the Cj waveform periodically falling to ground as 
shown in Figure 9b. 

If the Cj pin is observed falling to ground at high output 
currents, it indicates poor decoupling orimproperground- 
ing. Refer to the Board Layout Checklist. 



OV 

(a) CONTINUOUS MODE OPERATION 

-\r\n 33V 

— OV 

(b) Burst Mode OPERATION uchss.'km 

Figure 9. Cj Pin 6 Waveforms 
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5V 8VT0 20V 



**KRL SL-1-R020J 

Figure 10. High Efficiency 8V to 20V input 2.5/5A Output Regulator 
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V|N 

4V TO 20V 



‘COILTRONICS CTX20-4 
**KRL SL-1/2-R040J 


Figure 11. 5:1 Input Range (4V to 20V) High Efficiency 3.3V/2.5A Regulator 


12V 15V TO 40V 
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15V TO 40V 



Figure 13. High Efficiency 15V to 40V Input 12V/5A Output Regulator 


5.5V TO 24V 



Figure 14. 17W Dual Output High Efficiency 5V and 3.3V Regulator 
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■ Wide Input Voltage Range: 3 V to 30V 

■ Low Quiescent Current: 4.5mA per Regulator 

■ High Switching Frequency: 200kHz 

■ CCFL Switch : 1 .25A /LCD Switch: 625mA 

■ Grounded or Floating Bulb Configurations 

■ Open Bulb Protection 

■ Positive or Negative Contrast Capability 

nppucnnons 

■ Notebook and Palmtop Computers 

■ Portable Instruments 

■ Automotive Displays 

■ Retail Terminals 


0G1IML 

Final Electrical Specifications 

□" 1182/11 1183 

CCFL/LCD Contrast 
Dual Switching Regulator 

June 1994 

DCSCMPTIOn 

The LT 1 1 82/LT 1183 are dual current-mode switching 
regulators that provide the control function for Cold 
Cathode Fluorescent Lighting and Liquid Crystal Display 
Contrast. Two high current, high efficiency switches are 
included on the die along with an oscillator, reference, 
output drive logic, control blocks and protection circuitry. 
The LT1 1 83 brings out the internal reference and ties the 
inputs of the LCD contrast error amplifier together in 
comparison to the LT1 1 82. The LT1 1 82/LT1 1 83 are avail- 
able in 16-pin narrow body SOIC and 16-pin plastic DIP. 

The LT1 182/LT1 183 operate with supply voltages from 3 V 
to 30V and draw only 9mA quiescent current. A shutdown 
pin reduces total supply current to less than 50pA for 


TYPICAL APPUCATIOfl 


90% Efficient Floating CCFL Configuration with Dual Polarity LCD Contrast 

UP TO 10mA 


ALUMINUM ELECTROLYTIC IS RECOMMENDED FOR C3B WITH AN 
ESR > 0.5f2 TO PREVENT LT1 182 HIGH-SIDE SENSE RESISTOR 
DAMAGE DUE TO SURGE CURRENTS AT TURN-ON. 

Cl MUST BE A LOW LOSS CAPACITOR, Cl = WIMA MKP-20 
Q1, 02 = ZETEX ZTX849 OR ROHM 2SC5001 
LI = SUMIDA EPS-207 OR COILTRONICS 
CTX1 10605. PIN NUMBERS SHOWN FOR 
COILTRONICS UNIT (Cl VALUE MAY REQUIRE 
ADJUSTMENT WITH COILTRONICS). 

L2 = COILTRONICS CTX100-4 
L3 = COILTRONICS CTX02-12403 
*DO NOT SUBSTITUTE COMPONENTS 
COILTRONICS (407)241-7876 
SUMIDA (708) 956-0666 


R5 

1 

PGND CCFLV SW 

ICCFL BULB 

DIO BAT 

LT 1182 

CCFL VC ROYER 

AGND V| N 

40.2k 

V (CCFL) JA 

2 

0VTO5V Wr ” 

OmA TO 50jiA ICCFL . 

CURRENT GIVES 

OmA TO 10mA BULB 

3 

' C7, 1|xF 

II 4 

CURRENT. 

II 

5 


6 


_J L_5 7,1k 7 

-|Hvw— 

8 

SHDN FBP 


LCD VC FBN 


PGND LCDVsw 



NOTE: GND V (CONTRAST) IF ONLY POSITIVE CONTRAST VOLTAGES ARE GENERATED. 
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standby operation. A 200kHz switching frequency mini- 
mizes the size of required magnetic components. The use 
of current-mode switching techniques with cycle by cycle 
limiting gives high reliability and simple loop frequency 
compensation. 

The CCFL reg ufatortypically drives an inductorthat acts as 
a switched-mode current source for a current-driven 
Royer class converter with efficiencies as high as 90%. 
The control loop forces the CCFL PWM to modulate the 
inductor’s average current to maintain constant current in 
the lamp. The constant current value, and thus lamp 
intensity, is programmable. This drive technique provides 
a wide range of intensity control. A unique bulb current 
programming block allows either grounded or floating 
bulb configurations. Grounded circuits directly sense 


one-half of actual bulb current. Floating circuits directly 
sense Royer primary-side supply current. Floating circuits 
provide differential drive to the bulb and significantly 
reduce the loss from stray bulb to frame capacitance, 
thereby extending illumination range. 

The LCD Contrast regulator is typically configured as a 
flyback converter and generates a bias supply for contrast 
control. The supply’s variable output permits adjustment 
of display contrast. A unique erroramplifierand the choice 
of flyback allows either positive or negative LCD Contrast 
voltages to be generated with minor circuit changes. 

The LT1184 will be available in the near future which 
provides only the CCFL function. Consult factory for fur- 
ther details. 
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Vin, BAT, Royer, Bulb 30V 

CCFL V S w, LCD V sw 55V 

Shutdown 6 V 

Iccfl Input Current 10mA 

DIO Input Current 100mA 

FBN Pin Current ±2mA 


Operating Ambient Temperature Range 0°C to 70°C 


Storage Temperature Range -65°C to 150°C 

Junction Temperature (Note 1) 125°C 

Lead Temperature (Soldering, 10 sec) 300°C 
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TOP VIEW 


ORDER PART 




ORDER PART 


Z2 


NUMBER 




NUMBER 

CCFLPGND |T 


TfT| CCFL V SW 


mpi PGND [T 


iFl CCFL V«tw 


•CCFL Cl 


Ts] BULB 




Tf] bulb 


DIO [T 


5] BAT 

LT1182CN 

DIO E 


U\ BAT 

LT1183CN 

CCFL VC E 


El ROYER 

LT1182CS 

CCFL VC E 


T|] ROYER 

LT1183CS 

AGND E 


H Vin 


AGND E 


iU Vin 


SHUTDOWN E 


0] FBP 


SHUTDOWN E 


TTl REF 


LCD VC [T 


To] fbn 


LCD VC E 


To] FB 


LCD PGND E 


T\ LCD Vsw 


LCD PGND E 


I ] LCD V SW 



S PACKAGE 



s 

PACKAGE 


N PACKAGE NARROW BODY 


N PACKAGE NARROW BODY 


16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC 


16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC 


Tjmax = 

125°C, 0j A = 70°C/W (N) 


Tjmax 

= 125°C, 0ja = 70°C/W (N) 


Tjmax = 

25°C, 0j A = 100°C/W (S) 


Tjmax = 125°C,0j A = 100°C/W(S) 
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CLCCTRKAl CHARACTERISTICS 


T a * 25°C, V| N * 5V, BAT » Royer * Bulb = 12V, CCFL VC « LCD VC = 0.5V, CCFL V sw = LCD V SW = ICCFL = Shutdown = Open, 
DIO * FBN * FBP * GND, unless otherwise specified. 


SYMBOL 

PARAMETER 

| CONDITIONS 

MIN TYP MAX 

UNITS 

Iq 

Supply Current 

3V ^ V|n ^ 30V 

• 

9 14 

mA 

ISHDN 

Shutdown Supply Current 

Shutdown = 0V. CCFL VC = LCD VC = Open (Note 2) 


40 60 

pA 


Shutdown Input Bias Current 

Shutdown = 0V, CCFL VC = LCD VC = Open 


3 

mA 


Shutdown Threshold Voltage 


• 

0.7 0.85 1.0 

V 

f 

Switching Frequency 

Measured at CCFL V sw , Isw = 50mA, FBN = FBP = 1 V 


200 

kHz 



CCFL VC = LCD VC = Open, ICCFL = lOOpA 

• 

200 

kHz 

DC(MAX) 

Maximum Switch Duty Cycle 

Measured at CCFL Vsw and LCD Vsw 


85 

% 


Input Operating Voltage 


• 

3.0 30 

V 

BV 

Switch Breakdown Voltage 

Isw = 2mA, Measured at CCFL V sw and LCD V S w 

• 

55 70 

V 


CCFL Switch Leakage Current 

V sw = 12V 


2.0 

pA 



V SW = 30V 


5.0 

pA 


LCD Switch Leakage Current 

V sw = 12V 


2.0 

pA 



Vsw = 30V 


5.0 

pA 


Iccfl Summing Voltage 

3V < Vim < 30V 


0.45 

V 




• 

0.45 

V 


AIccfl Summing Voltage for 

Iccfl = OpA to 1 OOpA 


3 

mV 


Alnput Programming Current 






CCFL VC Offset Sink Current 


• 

0 

mA 


ACCFL VC Source Current for 

Iccfl = OpA to lOOpA 

• 

5 

pA/pA 


AIccfl Programming Current 






CCFL VC to DIO Current Servo Ratio 

DIO = 5mA Out of Pin, Current Measured at CCFL VC 


97 100 103 

pA/mA 


CCFL VC Low Clamp Voltage 

Royer =1A 


0.1 

V 


CCFL VC High Clamp Voltage 

Iccfl = 100pA 


2.0 

V 


CCFL VC Switching Threshold 

CCFL V sw DC = 0% 


0.95 

V 


CCFL High-Side Sense 

Royer = 1A, Current Measured at CCFL VC 


480 500 520 

pA/A 


Current Transfer Ratio 

CCFL VC = 1.5V 





CCFL High-Side Sense 

Royer =1 A, BAT=5Vto30V 


0.1 

%/V 


Line Regulation 

CCFL VC = 1.5V 





CCFL High-Side Sense 

Measured at BAT, Royer 

• 

120 

pA 


Supply Current 






Bulb Protect Servo Voltage 

Iccfl = 100pA, CCFL VC = OpA at 1 .5V 

• 

6.65 7.0 7.35 

V 


Bulb Input Bias Current 

Iccfl = 100pA, CCFL VC = OpA at 1 .5V 


5 

mA 

Ilimi 

CCFL Switch Current Limit 

Duty Cycle = 50% 

• 

1.25 2.0 3.0 

A 



Duty Cycle = 80% (Note 3) 

• 

1.05 1.7 2.6 

A 

VsATI 

CCFL Switch On Resistance 

CCFL l sw =1A 

• 

0.6 1.0 

Q 

AIq 

Supply Current Increase During 

CCFL Isw = 1 A 


25 

mA/A 

AlsWI 

CCFL Switch On Time 






Switch Minimum On Time 

Measured at CCFL Vsw and LCD Vsw 


0.45 

ps 

REF1 

LCD FBP Reference Voltage 

Measured at FBP of LCD Error Amplifier, FBN = IV, 


1.224 1.244 1.264 

V 



LCD VC = 0.8V 

• 

1.244 

V 


FBP Voltage Line Regulation 

3V ^ Vin ^ 30V, LCD VC = 0.8V 

• 

0.01 

%/V 


FBP Input Bias Current 

FBP= REF1, FBN = IV, LCD VC = 0.8V 


0.35 0.75 

pA 




• 

0.35 1.1 

pA 


LCD FBN Offset Voltage 

Measured at FBN of LCD Error Amplifier, FBP = GND, 


-15 -10 -5 

mV 



LCD VC = 0.8V 

• 

-10 

mV 


FBN Voltage Line Regulation 

3V < V, N < 30V 

• 

0.01 

%/V 
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electrical characteristics 


Ta = 25°C, V|N - 5V, BAT = Royer * Bulb = 12V, CCFL VC > LCD VC = 0.5V, CCFL V sw = LCD V sw = ICCFL = Shutdown = Open, 
DIO ■ FBN = FBP = GND, unless otherwise specified. 


SYMBOL 

PARAMETER 

| CONDITIONS j 

MIN TYP MAX 

UNITS 


FBN Input Bias Current 

FBN = FBN Offset Voltage, FBP = GND, LCD VC = 0.8V 


o 

1 

o 

cvi 

1 

pA 




• 

-3.0 -1.0 

mA 

9m 

FBP to LCD VC Transconductance 

Al LCD VC = ±25pA, LCD VC = 1 .5V, FBN = IV 


1000 

pmhos 




• 

1000 

pmhos 


FBN to LCD VC Transconductance 

Al LCD VC = ±25pA, LCD VC = 1 .5V, FBP = GND 


900 

pmhos 




• 

900 

pmhos 


LCD Error Amplifier Source Current 

FBP = FBN = IV or 0.25V 


100 

mA 




• 

100 

jl»A 


LCD Error Amplifier Sink Current 

FBP = FBN = 1.5V or -0.25V 


90 

pA 




• 

90 

pA 


LCD VC High Clamp Voltage 

FBP = FBN = IV 


2 

V 


LCD VC Low Clamp Voltage 

FBP = FBN = 1.5V 


0.1 

V 


LCD VC Switching Threshold 

FBP = FBN = IV, LCD V SW DC = 0% 


0.95 

V 

Vref 

Reference Voltage 

Measured at REF (Pin 11) on LT1183 


1.224 1.244 1.264 

V 




• 

1.244 

V 


Reference Output Impedance 

Measured at REF (Pin 11) on LT1183 


30 

a 


Vref ~ ICCFL Summing Voltage 



0.782 0.794 0.806 

V 




• 

0.794 

V 

IlIM2 

LCD Switch Current Limit 

Duty Cycle =50% 

• 

0.625 1.0 1.5 

A 



Duty Cycle = 80% (Note 3) 

• 

0.50 0.85 1.3 

A 

VSAT2 

LCD Switch On Resistance 

LCD l sw = 0.5A 

• 

0.9 1.5 

n 

AIq 

Supply Current Increase During 

LCDI SW =0.5A 


25 

mA/A 

Alsw2 

LCD Switch On Time 






The • denotes specifications which apply over the specified operating 
temperature range. 

Note 1: Tj is calculated from the ambient temperature Ta and power 
dissipation Pd according to the following formulas: 

LT1 1 82CN/LT1 1 83CN: Tj = T A + (P D x 70°C/W) 

LT1 1 82CS/LT 1 1 83CS: Tj = T A + (P D x 1 00°C/W) 


Note 2: Does not include switch leakage. 

Note 3: For duty cycles (DC) between 50% and 80%, minimum 
guaranteed switch current is given by Ium = 0.833 (2 - DC) for the CCFL 
regulator and Ium = 0.417 (2- DC ) for the LCD Contrast regulator due to 
internal slope compensation circuitry. 
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LT1182 

CCFL PGND: This pin is the emitter of an internal NPN 
power switch. CCFL switch current flows through this pin 
and allows for internal switch current sensing. Separate 
analog and power grounds have been provided for the 
CCFL and LCD regulators in orderto minimize interaction. 

ICCFL: This pin is the input to the CCFL bulb current 
programming circuit. This pin is internally regulated to 
450mV and accepts an input current signal of OpA to 
1 0OpA full scale which is converted to a OpA to 500pA 
source current at the CCFL VC pin. By regulating the Iccfl 


pin, the input programming current can be set with DAC, 
PWM or potentiometer control. 

DIO: This pin is the common connection between the 
cathode and anode of two internal diodes. DIO is used in 
a grounded-bulb configuration and connects directly to 
the low voltage side of the bulb. Bi-directional bulb current 
flows in the DIO pin and thus, the diodes conduct alter- 
nately on half cycles. Bulb current is controlled by moni- 
toring one-half of the bulb current. The diode conducting 
on negative half cycles has one-tenth of its current di- 
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verted to the CCFL VC pin and nulls against the source 
current provided by the bulb current programmer circuit. 
The compensation capacitor on the CCFL VC pin acts not 
only to provide loop compensation but also to provide an 
averaging function to the rectified sinusoidal bulb current. 
This scheme reduces the number of loop compensation 
components and allows for faster loop transient response 
in comparison to previously published circuits. If a float- 
ing bulb configuration is used, this pin should be tied to 
ground. 

CCFL VC: This pin is the output of the bulb current 
programmer circuit and the input of the current compara- 
tor for the CCFL regulator. It is used for frequency 
compensation, bulb current averaging for grounded-bulb 
circuits and current limiting. The voltage on the CCFL VC 
pin determines the current trip level for switch turnoff. 
During normal operation this pin sits at a voltage between 
0.95V (zero switch current) and 2.0V (maximum switch 
current). This pin has a high impedance output, so the 
voltage can be clamped externally for adjusting current 
limit. Loop frequency compensation is typically performed 
with a series R/C network to ground. 

AGND: This is the low current analog ground for the chip. 
It also acts as the sense for the LCD dual input error 
amplifier. External feedback divider networks which termi- 
nate to ground and frequency compensation components 
on the VC pins which terminate to ground should connect 
directly to this pin for best performance. 

Shutdown: Pulling this pin low causes complete regulator 
shutdown with quiescent current reduced to about 40pA. 
The threshold voltage forthis pin is about 0.85V. If this pin 
is not used, it can be left to float high or pulled to a logic 
high level (max. of 6V). Allowing the pin to float high to 
provide active operation should be carefully evaluated as 
capacitive coupling into the pin from switching transients 
could cause erratic operation. 

LCD VC: This pin is the output of the LCD Contrast dual 
input error amplifier and the input of the current compara- 
torforthe LCD Contrast regulator. It is used forfrequency 
compensation and current limiting. The voltage on the 
LCD VC pin determines the current trip level for switch 
turnoff. During normal operation, this pin sits at a voltage 


between 0.95V (zero switch current) and 2.0V (maximum 
switch current). The LCD VC pin is a high impedance 
current output (g m ) error amplifier, so the voltage can be 
clamped externally for adjusting current limit. Loop fre- 
quency compensation is typically performed with a series 
R/C network to ground. 

LCD PGND: This pin is the emitter of an internal NPN 
power switch. LCD Contrast switch current flows through 
this pin and allows for internal switch current sensing. 
Separate analog and power grounds have been provided 
for the CCFL and LCD regulators in order to minimize 
interaction. 

LCD Vsw: This pin is the collector of the internal NPN 
power switch for the LCD Contrast regulator. The power 
switch is guaranteed to provide a minimum of 625mA. 
Fast switching times and high efficiency are obtained by 
using a driver loop to automatically adapt base drive 
current to the minimum required to keep the switch in a 
quasi-saturation state. The ratio of switch currentto driver 
current is about 40:1. 

FBN: This pin is the noninverting terminal forthe negative 
contrast control error amplifier. The inverting terminal is 
offsetfrom ground by-IOmVto define the error amplifier 
output state under start-up conditions. The FBN pin acts as 
a summing junction for a resistor divider network. Input 
bias current for this pin is typically -IpA. 

FBP: This pin is the inverting terminal for the positive 
contrast control erroramplifier. The noninverting terminal 
is tied to an internal 1 ,24V reference. Input bias currentfor 
this pin is typically 0.5pA. 

Vin: This is the supply pin forthe LT1 1 82/LT1 1 83. The 1C 
accepts an input voltage range of 3 V minimum to 30V 
maximum with little change in quiescent operating current 
(zero switch current) as a low dropout internal regulator 
provides a 2.4V supply for the majority of the internal 
circuitry. Supply current increases as each PWM’s switch 
current increases at a rate approximately 1/40 of each 
switch current. This corresponds to aforced Beta of 40f or 
each switch. Undervoltage lockout is incorporated by 
sensing the saturation of the lateral PNP pass transistor 
which drives the2.4V regulator. Remote collectors on this 
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transistor conduct current and lock out the switch for 
input voltages below about 2.5V. No hysteresis is used to 
maximize the useful range of input voltage. The typical 
input voltage used is a 3.3V or 5 V logic supply. 

Royer: This pin connects to the center-tapped primary of 
the Royer converter and is used in conjunction with the 
BAT pin in a floating-bulb configuration where bulb cur- 
rent is controlled by directly sensing Royer primary-side 
supply current. This pin is the inverting terminal of a high- 
side current sense amplifier. The typical quiescent current 
is 60pA into the pin. If the CCFL regulator is not being used 
in a floating bulb configuration, the Royer and BAT pins 
should be tied together. 

BAT: This pin connects to the battery voltage from which 
the CCFL Royer converter and LCD Contrast flyback con- 
verter operate. This voltage is typically higher than the Vin 
supply voltage but can be equal or less than Vin. However, 
the BAT voltage must be at least 2 V greater than the 
internal 2.4V regulator. This pin is used in conjunction 
with the Royer pin for floating bulb configurations. This 
pin is the noninverting terminal of a high-side current 
sense amplifier. The typical quiescent current is 60pA into 
the pin. The BAT and Royer pins monitor the voltage 
across an internal 0.1 £2 top-side current sense resistor. A 
OA to 1A Royer supply current translates into an input 
signal range of OmV to lOOmV for the current sense 
amplifier. This OmV to 1 0OmV signal range is converted to 
a OpA to 500pA sink current at the CCFL VC pin to null 
against the source current provided by the bulb current 
programmer circuit. The BAT pin also connects to the top 
side of an internal clamp between the BAT and Bulb pins. 

Bulb: This pin connects to the low side of an internal 7 V 
threshold voltage comparator between the BAT and Bulb 
pins. This pin can be used to set a maximum threshold 
voltage level across the primary side of the Royer con- 
verter. This reduces the maximum output under start-up 
conditions or open bulb conditions, thereby easing trans- 
former voltage rating requirements. The Bulb pin is con- 
nected to the junction of an external resistor divider 
network. The divider network connects from the centertap 


of the Royer transformer to the top side of the Royer 
inductor. A capacitor across the top of the divider network 
serves to filter out switching ripple and allows a time 
constant to be set for determining how quickly the com- 
parator activates. When the comparator is activated, this 
transfers the Royer converter from current mode opera- 
tion into voltage mode operation. 

CCFL Vsw: This pin is the collector of the internal NPN 
power switch for the CCFL regulator. The power switch is 
guaranteed to provideaminimum of 1 .25A. Fast switching 
times and high efficiency are obtained by using a driver 
loop to automatically adapt base drive current to the 
minimum required to keep theswitchinaquasi-saturation 
state. The ratio of switch current to driver current is about 
40:1. 

LT1183 

All functions and pins on the LT1183 are equivalent to the 
LT1182 with the exception of pins 10 and 11. On the 
LT1 1 82, pin 1 0 is FBN and pin 1 1 is FBP. On the LT1 1 83, 
pin 1 0 changes to FB and pin 1 1 changes to REF. 

FB: This pin is the common connection between the 
noninverting terminal for the negative contrast control 
error amplifier and the inverting terminal for the positive 
contrast control error amplifier. In comparison to the 
LT1 1 82, the FBN and the FBP pins have been internally tied 
together and brought out as one pin. 

REF: This pin brings out the internal 1 .24V reference and 
can be used for negative contrast control with an external 
resistor divider network. The REF pin has an output 
impedance of about 300. The resistors in the divider 
network should be chosen to limit reference drive current 
to less than a few hundred microamps; otherwise refer- 
ence regulation will be degraded. The REF pin may also be 
used to generate the maximum programming current for 
the ICCFL pin by placing a resistor between the pins. PWM 
or DAC control may then be used to subtract from the 
maximum programming current. 
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Final Electrical Specifications 

LTC1262 

1 2V, 30mA Flash Memory 
Programming Supply 

April 1994 


F€RTUR€S 


DCSCRIPTIOn 


■ Regulated 12V ±5% Output Voltage 

■ No Inductors 

■ Supply Voltage Range: 4.75V to 5.5V 

■ Guaranteed 30mA Output 

■ Low Power: Ice = 500pA 

■ 0.5pA Ice in Shutdown 

■ 8-Pin DIP or SO-8 Package 

■ Improved Second Source for the MAX662 

RPPUCRTIOnS 

■ 12V Flash Memory Programming Supplies 

■ Compact 12V Op Amp Supplies 

■ Battery-Powered Systems 


The LTC1262 is a regulated 12V, 30mA output DC/DC 
converter. It is designed to provide the 12V ±5% output 
necessary to program byte-wide flash memories. The 
output will provide up to 30mAf rom input voltages as low 
as 4.75V without using any inductors. Only four external 
capacitors are required to complete an extremely small 
surface mountable circuit. 

The TTL compatible shutdown pin can be directly con- 
nected to a microprocessor and reduces the supply cur- 
rent to less than 0.5pA. The LTC1262 is pin compatible 
with the MAX662 but requires fewer external capacitors 
and has 70 times lower power consumption in shutdown 
mode. 

The LTC1 262 is available in an 8-pin DIP or SO-8 package. 


TVPICRL RPPUCRTIOn 
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ZZZ 0.22|xF 


_ 
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absolute mAximum aatiags 

(Note 1) 

Supply Voltage (V 0D ) 6 V 

Input Voltage (SHDN) -0.3V to V C c + 0.3V 

Output Current (Iqut) 50mA 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER lAFOAmATlOA 



TOP VIEW 


ORDER PART 

c r U 

C1 + U 
C2" [T 
C2+ [± 


T| SHDN 

T} GND 

ID VouT 

1] Vcc 

NUMBER 


LTC1262CN8 

LTC1262CS8 

N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

S8 PART MARKING 

Tjmax = 150°C, 0j A =1OO°C/W(N) 

Tjmax = 150°C, Oja = 150°C/W (S) 

1262 


Consult factory for Industrial and Military grade parts 


ELECTRICAL CHARACTERISTICS Vcc = 4.75V to 5.5V, Ta = 0°C to 70°C, (Notes 2, 3), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

VOUT 

Output Voltage 

0mA < Iout - 30mA, Vshdn = 0V 

• 

11.4 12.6 

V 

lee 

Supply Current 

No Load, Vshdn = °V 

• 

0.5 1 

mA 

ISHDN 

Shutdown Supply Current 

No Load, Vshdn = Vcc 

• 

0.5 10 

MA 

fosc 

Oscillator Frequency 

Vcc = 5V, Iout = 30mA 

• 

300 

kHz 


Power Efficiency 

Vcc = 5V, Iout = 30mA 

• 

74 

% 

Rsw 

Vcc to Vout Switch Impedance 

Vcc = Vshdn - 5V, Iout = 0mA 

• 

0.18 2 

kn 

V|H 

SHDN Input High Voltage 


• 

2.4 

V 

V| L 

SHDN Input Low Voltage 


• 

0.8 

V 


SHDN Input Current 

Vcc = 5V, Vshdn = 0V 

Vcc = 5 V, Vshdn = 5V 

• 

• 

-15 -10 -5 

0.06 10 

mA 

mA 

t0N 

Turn On-Time 

Cl = C2 = 0.22jliF, C|m = Cout = 4.7pF, (Figures 1 , 2) 


700 

ps 

tOFF 

Turn Off-Time 

Cl = C2 = 0.22pF, C|m = Cqut = 4.7|oF, (Figures 1 , 2) 


4 

ms 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 3: All typicals are given at Vqc = 5 V, Ta = 25°C. 


TYPICAL P€AFOAmnnC€ CHARACTERISTICS 


Efficiency vs Output Current 



ITC1262*TPC01 


Shutdown Supply Current 
vs Temperature 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 

LTC1262 • TPC02 


Supply Current vs Supply Voltage 



4.5 4.75 5.0 5.25 5.5 5.75 6.0 

SUPPLY VOLTAGE (V) 

LTC1262* TPC03 
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C1“ (Pin 1): The First Commutating Capacitor Negative 
Input. Connect a 0.22pF capacitor (Cl) between C1 + 
and Cl 

Cl + (Pin 2): The First Commutating Capacitor Positive 
Input. Connect a 0.22pF capacitor (Cl) between C1 + 
and Cl”. 

C2" (Pin 3): The Second Commutating Capacitor Nega- 
tive Input. Connect a 0.22pF capacitor (C2) between C2 + 
and C2T 

C2* (Pin 4): The Second Commutating Capacitor Posi- 
tive Input. Connect a 0.22pF capacitor (C2) between C2 + 
and C2 - . 


Vcc (Pin 5): The Positive Supply Input Where 4.75V < Vcc 
< 5.5V. Connect a 4.7pF bypass capacitorto ground (Cin). 

Vout (Pin 6): The 12V Output. Connect a 4.7pF bypass 
capacitorto ground (Cout). When in the shutdown mode 
Vout = Vcc 
GND (Pin 7): Ground. 

SHDN (Pin 8): Active High TTL Logic Level Shutdown Pin. 
SHDN is internally pulled up to Vcc- Connect to GND for 
normal operation. In shutdown mode the charge pump is 
turned off and Vqut = \Iqc- 


TimiflG DMGflflmS 



Figure 1. LTC1262 Timing Diagram 
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m vout 

J 

Vout 

L_C|n 

— p 0.22 jiF 4 

r*o+ \/__ 

s nr 47fiF 

UV ■ - 41 — 

UZ VQC 

t 


VQQ LTC1262* TA03 

4.75V TO 5.5V 


Figure 2. LTC1262 Timing Circuit 


flppucnnons inFORmfiTion 

Operation 

The LTC1 262 uses a tripler charge pump to generate 1 2V 
from a Vcc of 5V. The charge pump operates when clocked 
by a 300kHz oscillator. When the oscillator output is low, 
Cl and C2 are connected between Vcc and GND, charging 
them to Vcc- When the oscillatoroutput goes high, Cl and 
C2 are stacked in series with the bottom plate of Cl pulled 
to Vcc- The top plate of C2 is switched to charge Cout and 
Vout rises. Vout is regulated to within 5% of 12V by an 
oscillator pulse gating scheme. A resistor divider senses 
Vout- When the output of the divider (Vqiv) is less than the 
output of a bandgap (V B gap) by the hysteresis voltage 
(Vhyst) of the comparator, oscillator pulses are applied to 
the charge pump to raise Vqut. When Voiv is above V B gap 


by Vhyst. the oscillator pulses are prevented from clock- 
ing the charge pump. Vqut drops until V D | V is below V BG ap 
by Vhyst again. The gates of all internal switches are 
driven between Vout and GND. An internal diode ensures 
that the LTC1 262 will start up underload by charging Cout 
to one diode drop below V C c- 

To reduce supply current the LTC1262 may be put into 
shutdown mode by floating the SHDN pin or taking it to 
Vcc- In this mode the bandgap, comparator, oscillatorand 
resistor divider are switched off to reduce supply current 
to 0.5pA (Typ). At the same time an internal switch shorts 
Vqut to Vcc. Vqut takes about 4ms (Typ) to reach 5.1V 
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(seetoFF in Figure 1 ). When the SHDN pin is grounded, the 
LTC1 262 exits shutdown and the charge pump operates to 
raise Vout to 12V. Vout takes 650ps (Typ) to reach the 
lower regulation limit of 1 1 ,4V (see toN in Figure 1 ). 

Choice of Capacitors 

The LTC1262 is tested with the capacitors shown in 
Figure 2. Cl and C2 are 0.22pF ceramic capacitors and 
C||\i and Cout are 4.7pF tantalum capacitors. Refer to 
Table 1 if other choices are desired. 


Table 1 . Recommended Capacitor Types and Values 


CAPACITOR 

CERAMIC 

TANTALUM 

ALUMINUM 

C1.C2 

0.22nFto1nF 

Not 

Recommended 

Not 

Recommended 

Cout 

2|oF (Min) 

4.7 nF (Min) 

1 0|oF (Min) 

Cin 

1(oF (Min) 

4.7|aF (Min) 

10|oF (Min) 


Cl and C2 should be ceramic capacitors with values in the 
range of 0.22pF to IpF. Higher values provide better load 
regulation. Tantalum capacitors are not recommended as 
the higher ESR of these capacitors degrades performance 
at Vcc = 4.75V and load current above 25mA. 

Cin and Cout can be ceramic, tantalum or electrolytic 
capacitors. The ESR of Cout introduces steps in the Vout 
waveform wheneverthe charge pump charges Cout- This 
tends to increase Vout ripple. Ceramic ortantalum capaci- 
tors are recommended for Cout if minimum ripple is 
desired. The LTC1 262 does not require a 0.1 pF capacitor 
between Vcc and Vout for stability. 

Maximum Load Current 

The LTC1 262 will source upto50mAcontinuously without 
any damage to itself. Shorting the Vout pin to ground will 
lead to irreversible damage. 


BLOCK DIAGRAfR 



SI AND S2 SHOWN WITH SHDN PIN LOW. 

S3A, S3B, S3C, S3D, S4A AND S4B SHOWN WITH OSCILLATOR OUTPUT LOW AND V D |V < V B GAP " VhysT- 
COMPARATOR HYSTERISIS IS ±V H ysT- 
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Final Electrical Specifications 

LTC1285/LTC1288 

3 V Micropower 
1 2-Bit A/D Converters 
in SO-8 Packages 

April 1994 


FCATURCS 


DCSCRIPTIOA 


■ 12-Bit Resolution 

■ 8-Pin SOIC Plastic Package 

■ Low Cost 

■ Low Supply Current: 1 60pA Typical 

■ Guaranteed ±3/4LSB Max DNL 

■ Auto-Shutdown to InATyp 

■ Single Supply 3V to 6 V Operation 

■ On-Chip Sample-and-Hold 

■ 100ps Conversion Time 

■ Sampling Rates: 7.5ksps (LTC1285) 

6.6ksps (LTC1288) 

■ I/O Compatible with SPI, Microwire, etc. 

■ Differential Inputs (LTC1 285) 

■ 2-Channel MUX (LTC1288) 

application 

■ Battery-Operated Systems 

■ Remote Data Acquisition 

■ Battery Monitoring 

■ Pen Screen Digitizers 

■ Temperature Measurement 

■ Isolated Data Acquisition 


The LTC1 285/LTC1 288 are 3 V micropower, 12-bit, sam- 
pling A/D converters. They typically draw only 1 60pA of 
supply current when converting and automatically power 
down to a typical supply current of 1 nA whenever they 
are not performing conversions. They are packaged in 
8-pin SO packages and operate on a 3 V supply. These 
12-bit, switched-capacitor, successive approximation 
ADCs include sample-and-holds. The LTC1285 has a 
single differential analog input. The LTC1288 offers a 
software selectable 2-channel MUX. 

On-chip serial ports allow efficient data transfer to a wide 
range of microprocessors and microcontrollers overthree 
wires.This, coupled with micropower consumption, makes 
remote location possible and facilitates transmitting data 
through isolation barriers. 

These circuits can be used in ratiometric applications or 
with an external reference. The high impedance analog 
inputs and the ability to operate with reduced spans 
(below IV full scale) allow direct connection to sensors 
and transducers in many applications, eliminating the 
need for gain stages. 


TYPICAL APPUCATIOA 


12|xW, SO-8 Package, 12-Bit ADC 
Samples at 200Hz and Runs Off a 3V Battery 


3V 


IpF 

■xHb-Hhx 


ANALOG INPUT 


VrEF 

Vcc 

+IN 

CLK 


LTC1285 

-IN 

°OUT 

GND 

CS/SHDN 


SERIAL DATA LINK 


MPU 

(e.g.,8051) 
PI .4 
PI .3 
PI .2 


ITC128SAU-TA01 



0.1 1 10 100 
SAMPLE FREQUENCY (kHz) 

LTC1 285/88 • TA02 
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absolute mnximum nnnnGs (Notes 1 and 2) 


Supply Voltage (Vcc) to 6ND 12V 

Voltage 

Analog Reference -0.3V to Vcc + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Output -0.3V to Vcc + 0.3V 


Power Dissipation 500mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKAGE/ORDER IRFORmATIOR 



TOP VIEW 


ORDER PART 
NUMBER 


TOP VIEW 


ORDER PART 
NUMBER 

VrefE 
+IN \Y 
-IN U 
GND [T 


I] v cc 

7] CLK 
iD Dout 

H CS/SHDN 

CS/SHDN [T 
CH0 [T 
CHI [T 
GND [T 

w ' 

U Vcc(Vref) 

T} CLK 

j] d 0 ut 

Ji Din 

LTC1285CN8 

LTC1285CS8 

LTC1288CN8 

LTC1288CS8 

N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

S8 PART MARKING 

N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

S8 PART MARKING 

Tjmax = 150°C, Oja = 130°C/W (N) 

Tjmax - 150°C, Oja = 175°C/W (S) 

1285 

Tjmax =150°C, e JA = 130°C/W (N) 

Tjmax = 150°C, 0ja= 175°C/W(S) 

1288 


Consult factory for Industrial and Military grade parts. 


R€COmm€RD€D OPCRATIRG CORDITIORS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Vcc 

Supply Voltage 

LTC1285 

2.7 

6 

V 



LTC1288 

2.7 

6 

V 

fcLK 

Clock Frequency 

V CC = 2.7V 

(Note 3) 

120 

kHz 

tCYC 

Total Cycle Time 

LTC1 285, f CL K = 120kHz 

133.3 


MS 



LTC1 288, f CLK = 120kHz 

150.0 


MS 

fhDI 

Hold Time, D, N After CLKt 

Vcc = 2.7 V 

450 | 

ns 

tsuCS 

Setup Time CSl Before First CLKt (See Operating Sequence) 

LTC1285, V CC = 2.7V 

5 


MS 



LTC1 288, V CC = 2.7V 

5 


MS 

fsuDI 

Setup Time, Din Stable Before CLKt 

V CC = 2.7V 

600 

ns 

tWHCLK 

CLK High Time 

V CC = 2.7V 

3.5 

Ms 

tWLCLK 

CLK Low Time 

V cc = 2.7 V 

3.5 


tWHCS 

CS High Time Between Data Transfer Cycles 

V CC = 2.7V 

4 


%LCS 

CS Low Time During Data Transfer 

LTC1 285, f CL K = 120kHz 

128 





LTC1 288, f CL K = 120kHz 

145 
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COflV€RT€fi ROD mULTIPl€X€R CHRRRCTERISTICS (Note 4) 


PARAMETER 

CONDITIONS 

LTC1285 

MIN TYP MAX 

LTC1288 

MIN TYP MAX 

UNITS 

Resolution (No Missing Codes) 


• 

12 

12 

Bits 

Integral Linearity Error 

(Note 5) 

• 

±2 

±2 

LSB 

Differential Linearity Error 


• 

±3/4 

±3/4 

LSB 

Offset Error 


• 

±3 

±3 

LSB 

Gain Error 


• 

±8 

±8 

LSB 

REF Input Range (LTC1 285) 

(Notes 6,7) 


1.5V to V CC + 0.05V 

V 

Analog Input Range 

(Note 6) 


-0.05V to V cc + 0.05V 

V 

Analog Input Leakage Current 

(Note 8) 

• 

±1 

±1 

mA 


DIGITAL RRD DC CLCCTRICRL CHARACTERISTICS (Note 4) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

V| H 

High Level Input Voltage 

V CC = 3.6V 

• 

2 

V 

V| L 

Low Level Input Voltage 

V CC = 2.7V 

• 

0.8 

V 

IlH 

High Level Input Current 

V|N = Vcc 

• 

2.5 

mA 

IlL 

Low Level Input Current 

V, N = 0V 

• 

-2.5 

mA 

V()H 

High Level Output Voltage 

Vcc = 2.7V, lo=10pA 

• 

2.4 2.64 

V 



Vcc = 2.7 V, l 0 = 360pA 

• 

2.1 2.30 

V 

VOL 

Low Level Output Voltage 

Vcc = 2.7V, lo = 400 jjA 

• 

0.4 

V 

•oz 

Hi-Z Output Leakage 

CS = High 

• 

±3 

mA 

•source 

Output Source Current 

£ 

it 

1 


-10 

mA 

•sink 

Output Sink Current 

VoUT = Vcc 


15 

mA 

Rref 

Reference Input Resistance 

CS = V| H 


2700 

MQ 


(LTC1285) 

CS = Vil 


54 

kn 

•ref 

Reference Current (LTC1285) 

CS = V cc 

• 

0.001 2.5 

mA 



tcYC ^ 640ps, fcLK ^ 25kHz 


50 

pA 



tcYC = 134ps, ^lk = 120kHz 

• 

50 70 

pA 

•cc 

Supply Current 

CS = V cc 

• 

0.001 ±3 

pA 



LTC1 285, tcYC ^ 640ps, fcu< ^ 25kHz 


150 

pA 



LTC1 285, t CY c = 1 34ps, f CLK = 1 20kHz 

• 

160 320 

ma 



LTC1 288, t CY c ^ 720ps, f CL K ^ 25kHz 


200 

pA 



LTC1288, t CY c = 150 ms, f CL K = 120kHz 

• 

210 390 

pA 


Dvnnmic accuracy isMPL = 7.5kHz (LTC1285), f S MPL = 6.6kHz (LTC1288) (Note 4) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

S/(N +D) 

Signal-to-Noise Plus Distortion Ratio 

1kHz Input Signal 

72 

dB 

THD 

Total Harmonic Distortion (Up to 5th Harmonic) 

1kHz Input Signal 

-80 

dB 

SFDR 

Spurious-Free Dynamic Range 

1kHz Input Signal 

80 

dB 


Peak Harmonic or Spurious Noise 

1kHz Input Signal 

-80 

dB 
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LTC1285/LTC1288 


RC CHRRRCT€RISTICS (Note 4) 


SYMBOL 

PARAMETER 

CONDITIONS 

| MIN TYP 

MAX | 

UNITS 

tSMPL 

Analog Input Sample Time 

See Operating Sequence 


1.5 

CLK Cycles 

tC0NV 

Conversion Time 

See Operating Sequence 


12 

CLK Cycles 

tdDO 

Delay Time, CLKT to Dout Data Valid 

See Test Circuits 

• 

600 

1500 

ns 

fdis 

Delay Time, CST to Dout Hi-Z 

See Test Circuits 

•- 

220 

660 

ns 

ten 

Delay Time, CLKi to Dout Enabled 

See Test Circuits 

• 

180 

500 

ns 

thDO 

Time Output Data Remains Valid After CLKi 

C|_OAD = 100pF 


520 

ns 

tf 

Dqut Fall Time 

See Test Circuits 

• 

60 

180 

ns 

tr 

Dout R' se Time 

See Test Circuits 

• 

80 

180 

ns 

C|N 

Input Capacitance 

Analog Inputs, On Channel 


20 


PF 



Analog Inputs, Off Channel 


5 


PF 



Digital Input 


5 


PF 


The • denotes specifications which apply over the operating temperature 
range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to GND. 

Note 3: Increased leakage currents at elevated temperatures cause the 
S/H to droop, therefore it is recommended that fcLK ^ 75kHz at 70°C and 
fcLK£lkHzat25°C. 

Note 4: Vcc = 2.7V, Vref = 2.5V and CLK = 120kHz unless otherwise 
specified. 

Note 5: Linearity error is specified between the actual end points of the 
A/D transfer curve. 


Note 6: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below GND or one diode drop above Vcc. This specification allows 50mV 
forward bias of either diode for 2.7V < Vcc < 6 V. This means that as long 
as the reference or analog input does not exceed the supply voltage by 
more than 50mV, the output code will be correct. To achieve an absolute 
0V to 3V input voltage range will therefore require a minimum supply 
voltage of 2.950V over initial tolerance, temperature variations and 
loading. 

Note 7: Recommended operating condition. 

Note 8: Channel leakage current is measured after the channel selection. 


pm Funcnons 

LTC1285 

Vref (Pin 1): Reference Input. The reference input defines 
the span of the A/D converter and must be kept free of 
noise with respect to GND. 

IN + (Pin 2): Analog Input. This input must be free of noise 
with respect to GND. 

IN” (Pin 3): Analog Input. This input must be free of noise 
with respect to GND. 

GND (Pin 4): Analog Ground. GND should be tied directly 
to an analog ground plane. 

CS/SHDN (Pin 5): Chip Select Input. A logic low on this 
input enables the LTC1285. A logic high on this input 
disables the LTC1285 and disconnects the power to 
LTC1285. 


Dour (Pin 6): Digital Data Output. The A/D conversion 
result is shifted out of this output. 

CLK (Pin 7): Shift Clock. This clock synchronizes the serial 
data transfer. 

Vcc (Pin 8 ) ; Power Supply Voltage. This pin provides 
power to the A/D converter. It must be kept free of noise 
and ripple by bypassing directly to the analog ground 
plane. 
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LTC1285/LTC1288 


pm Funaions 

LTC1288 

CS/SHDN (Pin 1): Chip Select Input. A logic low on this 
input enables the LTC1288. A logic high on this input 
disables the LTC1288 and disconnects the power to 
LTC1288. 

CHO (Pin 2): Analog Input. This input must be free of noise 
with respect to GND. 

CHI (Pin 3): Analog Input. This input must be free of noise 
with respect to GND. 

GND (Pin 4): Analog Ground. GND should be tied directly 
to an analog ground plane. 


Din (Pin 5): Digital Data Input. The multiplexer address is 
shifted into this input. 

Dout (Pin 6): Digital Data Output. The A/D conversion 
result is shifted out of this output. 

CLK (Pin 7): Shift Clock. This clock synchronizes the serial 
data transfer. 

Vcc(VREF)(Pin 8): Power Supply and Reference Voltage. 
This pin provides power and defines the span of the A/D 
converter. It must be kept free of noise and ripple by 
bypassing directly to the analog ground plane. 


T€ST CIRCUITS 


Load Circuit for tdoo> t r and tf Voltage Waveforms for Dout Rise and Fall Times, t r , tf 



Voltage Waveforms for Dout Delay Times, tdDo 
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LTC1285/LTC1288 

T€ST CIRCUITS 


Load Circuit for 4s and t en Voltage Waveforms for 4 S 



NOTE 1 : WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL 

LTC1285/88 ♦ TC05 


Voltage Waveforms for t en 

LTC1285 



LTC1288 



rrunm 

TECHNOLOGY 


13-44 






LTC1285/LTC1288 


APPucOTions mFORmnnon 

INPUT DATA WORD (LTC1288 ONLY) 

The LTC1288 four-bit data word is clocked into the Dim 
input on the rising edge of the clock after CS goes low and 
the Start bit has been recognized. Furtherinputson the Din 
pin are then ignored until the next CS cycle. The input word 
is defined as follows: 


START 

SGL/ 

DIFF 

ODD/ 

SIGN 

MSBF 


MUX MSB FIRST/ 

ADDRESS LSB FIRST 


Start Bit 

The first "logical one” clocked into the Dim input after CS 
goes low is the Start bit. The Start bit initiates the data 
transfer and all leading zeros which precede this logical 
one will be ignored. After the Start bit is received, the 
remaining bits of the input word will be clocked in. Further 
inputs on the Din pin are then ignored until the next CS 
cycle. 

MUX Address 

The bits of the input word following the Start bit assign the 
MUX configuration for the requested conversion. For a 
given channel selection, the converter will measure the 
voltage between the two channels indicated by the “+” and 
signs in the selected row of the following table. In 
single-ended mode, all input channels are measured with 
respect to GND. Only the “+” inputs have sample-and- 
hold. Signals applied at the inputs must not change 
more than the required accuracy during the conversion. 


Multiplexer Channel Selection 


MUX ADDRESS 

CHANNEL# 


sgl/dTff 

ODD/SIGN 

CHO 

CHI 

GND 

1 

0 

+ 

- 

1 

1 

+ 

- 

0 

0 

+ 

- 


0 

1 

- 

+ 



LTC12K/8«*A»5 


MSB-FIRST/LSB-FIRST (MSBF) 

The output data of the LTC1 288 is programmed for MSB- 
first or LSB-first sequence using the MSBF bit. When the 
MSBF bit is a logical one, data will appear on the Dout line 
in MSB-first format. Logical zeros will be filled in indefi- 
nitely following the last data bit to accommodate longer 
word lengths required by some microprocessors. When 
the MSBF bit is a logical zero, LSB first data will follow the 
normal MSB-first data on the Dqut line (see Operating 
Sequence). 

ANALOG CONSIDERATIONS 
Grounding 

The LTC1 285/LTC1 288 should be used with an analog 
ground plane and single point grounding techniques. Do 
not use wire wrapping techniques to breadboard and 
evaluate the device. To achieve the optimum performance 
use a printed circuit board. The ground pin (pin 4) should 
be tied directly to the ground plane with minimum lead 
length. 

Bypassing 

For good performance the LTC1 285 Vcc and Vref pins or 
the LTC1 288 Vcc P' n must be free of noise and ripple. Any 
changes in the Vcc/Vref voltage with respect to ground 
during the conversion cycle can induce errors or noise in 
the output code. Bypass the Vcc/Vref pin directly to the 
analog ground plane with a minimum of 0.1 pF capacitor 
and with leads as short as possible. 

Analog Inputs 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1285/ 
LTC1 288 have capacitive switching input current spikes. 
These current spikes settle quickly and do not cause a 
problem. But if large source resistances are used, or if 
slow settling op amps drive the inputs, take care to insure 
the transients caused by the current spikes settle com- 
pletely before the conversion begins. 
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LTC1285/LTC1288 


RppuciiTions mfORmfiTion 

LTC1285 Operating Sequence 


-tCYC“ 


CS 


1 


n 


|"*-tsuCS 

-MiuiiirLfinjiim 


tSMPL 


NULL | 1 f 

I BIT B11 BIO 


LTC1288 Operating Sequence 
Example: Differential Inputs (CH + , CH~) 


MSB-First Data (MSBF « 0) 


-tcYC~ 


a 

j 


tsuCS 


nniirLTLnjiJi^^ 

n_TL 


ODD/ 

SIGN 


SGL/ 

DIFF 



MSB-First Data (MSBF = 1) 

tG YC ; *j 

CS | 

tsuCS 

-mumniumnjuumiuummmnnnnj] 


ODD/ 

START SIGN 



DIFF 


d OUT 


Hl-Z 


tSMPL 


NULLl j 

1 BIT B11 | B10 89 B8 B7 B6 B5 B4 B3 B2 B1 j BO 

-U tcoNV 


Hl-Z 


LTC1285/88 *AK)3 
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F€flTUfi€S 

■ 5V at 600mA or 12V at 120mA from 2-Cell Supply 

■ 200|jA Quiescent Current 

■ Logic Controlled Shutdown to 1 5 (jA 

■ Low Vcesat Switch: 31 OmV at 2A Typical 

■ Burst Mode™ Operation at Light Load 

■ Current Mode Operation for Excellent 
Line and Load Transient Response 

■ Available in 8-Lead SO or DIP 

■ Operates with Supply Voltage as Low as 2V 

nppucOTions 

■ Notebook and Palmtop Computers 

■ Portable Instruments 

■ Personal Digital Assistants 

■ Cellular Telephones 

■ Flash Memory 


OIMOTOL 

Final Electrical Specifications 

LT1302/LT1 302-5 

Micropower 
High Output Current 
Step-Up Adjustable and 
Fixed 5V DC/DC Converter 

May 1994 

DCSCftlPTIOn 

The LT1302/LT1 302-5 are micropower step-up DC/DC 
converters that maintain high efficiency over a wide 
range of output current. They operate from a supply 
voltage as low as 2 V and feature automatic shifting 
between Burst Mode operation at light load, and current 
mode operation at heavy load. 

The internal low-loss NPN power switch can handle 
current in excess of 2A and switch at frequencies up to 
400kHz. Quiescent current is just 200pA and can be 
further reduced to 15pA in shutdown. 

Available in 8-pin DIPor8-pin SOIC packaging, the LT1 302/ 
LT1302-5 have the highest switch current rating of any 
similarly packaged switching regulators presently on the 
market. 

Burst Mode is a trademark of Linear Technology Corporation 


TVPicni nppucnnon 


2-Cell to 5V/6Q0mA DC/DC Converter 


2-Cell to 5V Converter Efficiency 




1 10 100 1000 


LOAD CURRENT (mA) 


LT1302 • TA02 
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LT1302/LT 1302-5 


rbsoiutc mnximum Rnnnos 


V (N Voltage 10V 

SW1 Voltage 25V 

FB Voltage 10V 

Shutdown Voltage 10V 

Vc Voltage 4V 

Ium Voltage 0.5 V 

Maximum Power Dissipation 700mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R mFORmflTIOn 



TOP VIEW 


ORDER PART 
NUMBER 

GND |T 

vcd 


T| PGND 

7] sw 



SHDN [7 


3 V IN 

LT1302CN8 

(SENSE*)FB [7 


Zl 'lim 

LT1302CS8 

N8 PACKAGE S8 PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

‘FIXED VERSION 

LT1302CN8-5 

LT1302CS8-5 


PINS 1 AND 8 ARE INTERNALLY 
CONNECTED IN SOIC PACKAGE 
Tjmax = 125°C, 0 JA = 100°C/W (N) 
TjMAX=125 o C,0jA=6O o C/W(S) 


Consult factory for Industrial and Military grade parts. 


DC €l€CTRICAl CHARACTERISTICS 


Ta = 25°C, Vin = 2.5V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Iq 

Quiescent Current 

Vshdn = 0.5V, V FB = 1.3V 

• 

200 300 

mA 



Vshdn = 1-8V 

• 

15 25 

pA 

Vin 

Input Voltage Range 



2.0 

V 




• 

2.2 8 

V 

Vfb 

Feedback Voltage (LT1302) 

V c = 0.4V 

• 

1.22 1.24 1.26 

V 


Feedback Pin Bias Current (LT1302) 

V FB = IV 


100 

nA 


Output Sense Voltage (LT1 302-5) 

V c = 0,4V 

• 

4.85 5.05 5.25 

V 


Output Ripple Voltage (LT1 302-5) 



20 

mV 


Sense Pin Resistance to Ground (LT1302-5) 



420 

ka 

Vos 

Offset Voltage 

See Block Diagram 


15 

mV 


Comparator Hysteresis 

(Note 1) 


5 

mV 


Oscillator Frequency 

Current Limit Not Asserted (Note 2) 


175 220 265 

kHz 


Oscillator TC 



0.1 

%/°C 

DC 

Maximum Duty Cycle 



75 86 95 

% 

tON 

Switch-On Time 

Current Limit Not Asserted 


3.9 

ps 


Output Line Regulation 

2 < V| N < 8V 

• 

0.06 0.15 

%/V 

VcESAT 

Switch Saturation Voltage 

Isw = 2A 


310 

mV 


Switch Leakage Current 

V sw = 5V, Switch Off 

• 

0.1 10 

pA 


Switch Current Limit 

Vcomp = 0.4V (Burst Mode Operation) 


0.8 

A 



Vcomp=1-5V (Full Power) (Note 3) 

• 

2.0 2.8 3.9 

A 


Error Amplifier Voltage Gain 

0.9V <V C < 1.2V, AV c /AV fb 


50 75 

V/V 

VsHDNH 

Shutdown Pin High 


• 

1.8 

V 

VsHDNL 

Shutdown Pin Low 


• 

0.5 

V 

ISHDN 

Shutdown Pin Bias Current 

VsHDN = 5V 

• 

8 20 

MA 



VsHDN = 2 V 


3 

pA 



VsHDN = 0V 

• 

0.1 1 

mA 


Ium Pin Resistance to Ground 



3.9 

k Q 


The • denotes specifications which apply over the 0°C to 70°C 
temperature range. 

Note 1: Hysteresis is specified at DC. Output ripple depends on capacitor 
size and ESR. 


Note 2: The LT1302 operates in a variable frequency mode. Switching 
frequency depends on load inductance and operating conditions and may 
be above specified limits. 

Note 3: Minimum switch current 100% tested. Maximum switch current 
guaranteed by design. 
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LT1302/LT 1302-5 


pm Funcnons 

GND (Pin 1): Signal Ground. Feedback resistor and 0.1 pF 
ceramic bypass capacitor from V| N should be connected 
directly to this pin. 

Vc (Pin 2): Frequency Compensation Pin. Connect series 
RC to GND. 

SHDN (Pin 3): Shutdown. Pull high to effect shutdown; tie 
to ground for normal operation. 

FB/Sense (Pin 4): Feedback/Sense. On LT1302 the pin 
connects to Cl input. On LT1302-5 the pin connects to the 
resistor string that sets output voltage to 5V. 


Ium (Pin 5): Normally left floating. 

V|n (Pin 6): Supply Pin. Must be bypassed with: 1) a 0.1 pF 
ceramic to GND, and 2) a large value electrolytic to PGND. 

SW (Pin 7): Switch Pin. Connect inductor and diode here. 
Keep layout short and direct. 

PGND (Pin 8): Power Ground. Pins 8 and 1 should be 
connected under the package. In the SOIC package, pins 
1 and 8 are thermally connected to the die. One square inch 
of PCB copper provides an adequate heat sink for the 
device. 


BLOCK DlfiGRfim 



OPCftflTIOn (Please refer to the Block Diagram) 

The LT1302/LT1 302-5 have two modes of operation. At 
light load the devices use Burst Mode operation to keep 
efficiency high. Hysteretic comparator Cl periodically 
enables the oscillatorto regulatethe output voltage. The 
switch current in this mode is limited to approximately 
800mA. As the load is increased, a point is reached 
where output voltage cannot be maintained with Burst 
Mode operation. At this point, Cl switches on steady- 
state and output control is passed to the error amplifier 
A1 . The peak switch cu rre nt in Q4 is then reg ulated by the 
voltage on the Vc pin (Al’s output). This current mode 


control results in good stability and immunity to input 
voltage variations. Current comparator C2 controls the 
oscillator on time. Off-time is affected but to a smaller 
degree. Switching frequency changes with input volt- 
age, output voltage, inductance, and load variations and 
may be higher than data sheet limits. 

Layout 

High speed, high current switching mandate careful 
layout to achieve proper operation. Poor layout can 
result in unstable operation, particularly at higher switch 
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LT 1 302/ LT 1302-5 


OPCRflTlOn (Please refer to the Block Diagram) 

current levels. The LT 1 302/LT 1302-5 pinout is arranged 
such that the high current functions are on one side of 
the package with sensitive control functions on the 
other. 

Layout should follow the placement shown below. Be 
sure to bypass the LT1302/LT1 302-5 with a O.lnF ce- 
ramic capacitor right at the package. The input must also 
be bypassed with a large (IOOjxF or more) electrolytic 
capacitor. Keep feedback resistors close to the FB pin. In 


some cases bypassing the FB pin with a 1 0OpF capacitor 
to ground will aid stability. 

The output capacitor must have low enough ESR to 
prevent mode hopping. With a high ESR capacitor out- 
put voltage ripple can trip comparator Cl while in current 
mode, causing the device to jump between Burst Mode 
operation and current mode operation. ESR of 0.050 or 
less is recommended. 


Recommended PC Component Placement 





typical nppucnnon 

2-Cell to 12V/120mA DC/DC Converter 
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OMOUML G&EMIE 

Final Electrical Specifications 

LT1303/LT1 303-5 

Micropower High Efficiency 
DC/DC Converter with 
Low-Battery Detector 
Adjustable and Fixed 5V 

April 1994 


FEATURES DESCRIPTOR 


■ 5 V at 200mA from a 2 V Input 

■ Supply Voltage As Low As 1.8V 

■ Up to 88% Efficiency 

■ 120pA Quiescent Current 

■ Low-Battery Detector 

■ Low Vcesat Switch: 170mV at lATyp 

■ Uses Inexpensive Surface Mount Inductors 

■ 8-Lead DIP or SOIC Package 

applicators 

■ 2-Cell and 3-Cell to 5 V Conversion 

■ Palmtop Computers 

■ Portable Instruments 

■ Bar-Code Scanners 

■ PDAs 

■ Wireless Systems 


The LT1303/LT1 303-5 are micropower step-up high effi- 
ciency DC/DC converters using Burst Mode™ operation. 
They are ideal for use in small, low-voltage battery- 
operated systems. The LT1 303-5 accepts an input voltage 
between 1 .8 V and 5 V and converts it to a regulated 5V. The 
LT1303 is an adjustable version that can supply an output 
voltage up to 25V. Quiescent current is only 120pA from 
the battery and the shutdown pin further reduces current 
to IOjjA. The low-battery detector provides an open- 
collector output that goes low when the input voltage 
drops belowa preset level. The on-chip NPN power switch 
has a low 170mV saturation voltage at a switch current 
of 1 A. The LT1 303/LT1 303-5 are available in 8-lead DIP or 
SOIC packages, easing board space requirements. 

For higher output current, please see the LT1302. 


Burst Mode is a trademark of Linear Technology Corporation 


tvpicri applicator 


2-Cell to 5V DC/DC Converter with Low-Battery Detect 


5V Output Efficiency 
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LT1303/LT1303-5 


absolute mnximum rrtirgs 


Vim Voltage 10V 

SW1 Voltage 25V 

Sense Voltage (LT1 303-5) 20V 

FB Voltage (LT1303) 10V 

Shutdown Voltage 10V 

LBO Voltage 10V 

LBI Voltage 10V 

Maximum Power Dissipation 500mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PflCKflG€/ORD€R IRFORmfiTIOR 



TOP VIEW 


ORDER PART 

GND [7 


7] PGND 

NUMBER 

LBO |Y 
SHDN U 

FB [T 

(SENSE)* L 2 - 


7] sw 

7] V|N 

7] LBI 

LT1303CN8 

LT1303CS8 

LT1303CN8-5 

LT1303CS8-5 

N8 PACKAGE 

8-LEAD PLASTIC DIP 

S8 PACKAGE 

8-LEAD PLASTIC SOIC 

S8 PART MARKING 




1303 

13035 

Tjmax = 100°C, 0j A = 130°C/W (N8) 

Tjmax = 100°C. 0j A = 150°C/W (S8) 


Consult factory for Industrial and Military grade parts. 


€l€CTRICAL CHRRRCTCRISTICS Ta = 25°C, Vim = 2.0V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent Current 

VsHDN = 0.5V, Vsel = 5V, VsENSE = 5.5V 

• 


120 

200 

mA 



VsHDN = 1 8V 

• 


7 

15 

mA 

V|N 

Input Voltage Range 



1.8 

1.55 


V 




• 

2.0 



V 


Feedback Voltage 

LT1303 

• 

1.22 

1.24 

1.26 

V 


Output Sense Voltage 

LT1303-5 

• 

4.8 

5.0 

5.2 

V 


Comparator Hysteresis 

LT1303 (Note 1) 

• 


6 

12.5 

mV 


Output Hysteresis 

LT1303-5 (Note 1) 

• 


22 

50 

mV 


Feedback Pin Bias Current 

LT1303, Vf B = IV 

• 


7 

20 

nA 


Oscillator Frequency 

Current Limit Not Asserted 


120 

155 

185 

kHz 


Oscillator TC 



0.2 

%/° C 

DC 

Maximum Duty Cycle 


• 

75 

86 

95 

% 

t0N 

Switch On Time 

Current Limit Not Asserted 


5.6 _ 

MS 


Output Line Regulation 

1.8V < V|n < 6V 

• 


0.06 

0.15 

%/V 

VcESAT 

Switch Saturation Voltage 

lsw= 700mA 

• 


130 

200 

mV 


Switch Leakage Current 

V SW = 5V, Switch Off 

• 


0.1 

10 

MA 


Peak Switch Current 


• 

0.75 

1.0 

1.25 

A 


LBI Trip Voltage 


• 

1.21 

1.24 

1.27 

V 


LBI Input Bias Current 

V LB | = 1.3V 

• 


7 

20 

nA 


LBO Output Low 

Iload = 100pA 

• 


0.11 

0.4 

V 


LBO Leakage Current 

V L bi = 1.3V, Vlbo = 5V 

• 


0.1 

5 

mA 

VsHDNH 

Shutdown Pin High 


• 

1.8 

V 

VSHDNL 

Shutdown Pin Low 



0.5 

V 

'SHDN 

Shutdown Pin Bias Current 

VsHDN = 5V 



8.0 

20 

mA 



VsHDN = 2V 

• 


3.0 


hA 



VsHDN = 0V 

• 


0.1 

1 

pA 


The • denotes specifications which apply over the 0°C to 70°C operating Note 1: Hysteresis specified is DC. Output ripple may be higher if output 
temperature range. capacitance is insufficient or capacitor ESR is excessive. 
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LT 1 303/ LT 1303-5 


pm Funcnons 

GND (Pin 1): Signal Ground. Tie to PGND under the 
package. 

LBO (Pin 2): Open-Collector Output of Comparator C3. 
Can sinklOOpA. 

SHDN (Pin 3): Shutdown. Puli high to shut down the 
LT1303. Ground for normal operation. 

FB/Sense (Pin 4): On 1303 (adjustable) this pin converts 
to main comparator Cl input. On 1303-5 this pin connects 
to the resistor string that sets output voltage at 5 V. 

LBI (Pin 5): Low-Battery Comparator Input. When voltage 
on this pin is below 1 ,24V, LBO is low. 


V| N (PIN 6): Supply Pin. Must be bypassed with a large 
value electrolytic to gound. Keep bypass within 0.2" of the 
device. 

SW (Pin 7): Switch Pin. Connect inductor and diode here. 
Keep layout short and direct to minimize radio frequency 
interference. 

PGND (Pin 8): Power Ground. Tie to signal ground (pin 1) 
under the package. Bypass capacitor from V| N should be 
tied directly to PGND within 0.2“ of the device. 


BLOCK DIAGfifimS 


LT1303 Block Diagram 
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Setting Output Voltage on LT1303 



5V Step-Up Converter with Reference Output 
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■ 60mA Output Current at 12V from 3V or 5V Supply 

■ Shutdown t o 6nA 

■ VPP VALID Comparator 

■ Up to 85% Efficiency 

■ 500pA Quiescent Current 

■ Vcesat Switch: 300mV at 0.5A Typical 

■ Soft Start Reduces Supply Current Transients 

■ Uses Low Value, Small Size, 

Surface Mount Inductors 

■ Available in 8-Lead SOIC Package 

rppucrtiors 

■ Flash Memory VPP Generator 

■ Type II and III PCMCIA Card DC/DC Converters 

■ 3V to 1 2V, 5V to 1 2V Converters 

■ Portable Computers and Instruments 

■ Cellular Telephones 

■ DC/DC Converter Module Replacements 


LT13Q9 

500kHz Micropower 
DC/DC Converter 
for Flash Memory 

April 1994 

D6SCRIPTIOR 

The LT1309 is a 500kHz micropower DC/DC converter 
for Flash Memory. The regulator features Burst Mode™ 
operation with a 0.5A, 300mV switch, enabling 85% 
efficiency at the fixed 1 2 V output. High frequency opera- 
tion permits the use of small value, and therefore small 
size, surface mount inductors and capacitors. The LT1 309 
comes in an 8-lead SOIC package allowing extremely 
compact PC board layouts. These features make the 
device attractive for PCMCIA cards, cellular phones, and 
other applications where board area is limited. 

Quiescent current is 500pA that drops to 6pA when the 
part shuts down. The part includes a soft start feature 
which limits supply current transients during turn-on. 

The LT1309 contains a VPP VALID comparator with a 
logic output that goes low when the output voltage is 
ready to program 12V Flash Memory. This comparator 
simplifies the interface to external control logic. 

Burst Mode is a trademark of Linear Technology Corporation 


tvpicri applicator 


12V, 60mA Flash Memory Programming Supply 


V|N . 

3.3V TO 5V 


500pF : 
ON/OFF 


:ifiF*’ 


LI* 

1 0p.H 

Mnnrv-H 


V|N 

Vsw 

VPP VALID 

SENSE 

LT1309 

ON/OFF 

SOFT 


START 


■aw 



*MURATA ERIE LQH3C100K0YM00 
“CERAMIC 
“TANTALUM 
Philips PRLL5818 



1 10 100 
LOAD CURRENT (mA) 

LT1309 • TA02 

FOR TYPE II AND TYPE III CARDS: 

LI = MURATA ERIE LQH3C100K04M00 

D1 = PHILIPS PRLL5818, 2.1mm MAXIMUM HEIGHT 
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PACKAGE/ORDCR IRFORmATIOR 


Vcc Voltage 7 V 

V sw Voltage 20V 

Vsense Voltage 20V 

Von/off Voltage 7 V 

Vsel Voltage 7 V 

Ium Voltage 7 V 

Maximum Power Dissipation 500mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 


TOP VIEW 


SOFT START [T 


— 

T) ON/OFF 

Vcc [I 



7) SENSE 

PGND [T 



6] VPP VALID 

VswE 



T\ GND 


S8 PACKAGE 
8-LEAD PLASTIC SOIC 

Tjmax = 150°C, 0ja = 150°C/W 


ORDER PART 
NUMBER 


LT1309CS8 


S8 PART MARKING 


1309 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc s 5V, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

•q 

Quiescent Current 

Vqn/off = 3V, Vsel = 0.2V, Switch Off 


500 

mA 

•sD 

Shutdown Mode Current 

Von/off = 0.2V 


6 

mA 

Vcc 

Input Voltage Range 



2 6 

V 

VSENSE 

Output Sense Voltage 



11.5 12 l£.5 

V 


Output Referred Comparator Hysteresis 

Vsense = 12V 


35 

mV 


Oscillator Frequency 

Current Limit Not Asserted 


500 

kHz 

DC 

Maximum Duty Cycle 



85 

% 

t0N 

Switch-On Time 

Current Limit Not Asserted 


1.7 

ps 


Reference Line Regulation 

2V < V|fg < 6V 


0.06 

%/V 

VcESAT 

Switch Saturation Voltage 

l§w = 0.5A 


300 

mV 


Switch Leakage Current 

V sw = 12V, Switch Off 


1 

mA 


Peak Switch Current 

Soft Start Roating 


0.5 

A 



Soft Start Grounded 


0 

A 

•start 

Soft Start Current 

Soft Start Grounded 


50 

P A 

VON/OFF 

Shutdown Pin Threshold 



1.5 

V 

• ON/OFF 

Shutdown Pin Bias Current 

VON/OFF = 5V 


20 

mA 



VON/OFF = 3V 


9 

mA 



VoN/OFF = 0V 


0.1 

mA 

•sense 

Input Current at Vsense 

VoN/OFF = Vcc 


25 

mA 



Von/off = 0.2V 


1 

mA 

VPPVALID 

Input Threshold 



11.5 

V 


Output High 

Iload = 2.5pA, 200k Internal Pull-Up 


V CC -0.5 

V 


Output Low 

•lOAD=10°MA 


0.13 

V 


Note 1: When the soft start pin is grounded, the current limit comparator 
forces the oscillator to run at minimum duty cycle. 
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Soft Start (Pin 1 ): Sets Peak Switch Current. Float this pin 
for normal 0.5A peak switch current. Tie this pin to GND 
through a resistor greater than Ik to limit the switch 
current from 0.125A to 0.5A. Connecting a capacitorfrom 
soft start to GND reduces switch current during start-up. 
The current limit with the soft start pin at OV is about OA 
which increases as theexternal capacitor charges from OV 
to IV. Selectthecapacitanceforagiven soft start duration. 
About 50pA flows from the soft start pin to ground. 

Vcc (Pin 2): Input Supply. This pin should be decoupled 
close to the package with at least IpF of low ESR input 
capacitance connected to GND (pin 5). 

PGND(Pin3): PowerGround. Large currents flow in thispin 
so it is highly recommended to make the PC board traces to 
the common ground plane as wide as possible. 

Vsw (Pin 4): Collectorof the Internal Power Switch. Large 
currents with fast edges flow through this pin. To reduce 


radiated noise, minimize the PCB trace area connected to 
this pin. Also minimize the distance to the inductor to 
decrease ohmic losses which degrade efficiency. 

GND (Pin 5): Clean Analog Ground. Vcc should be de- 
coupled to this point. 

VPP VALID (Pin 6): VPP VALID Comparator Output. This 
output signals a logic low when the voltage at the sense 
pin is greater than 11.5V. In shutdown mode this pin is 
pulled up to the supply through a 200k resistor. 

Sense (Pin 7): Output Feedback Sense Pin. This pin 
connects to an internal resistive divider that sets the 
output voltage. 

ON/OFF (Pin 8): Shutdown Control. When pulled below 
1.5V, this pin disables the LT 1 309-1 2 to a micropower 
off stat e (6pA). The part is fully operational when 
ON/OFF is greater than 1.5V. 


BLOCK DMGRflm 


ON/OFF V CC SOFT START V sw SENSE 
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Funcuonni dcscriptioh 

The LT1309 is a micropower, step-up, Burst Mode DC/DC 
converter. The device is intended for applications that 
demand the highest efficiency in the smallest amount of 
circuit board area. The device’s 500kHz oscillator enables 
the use of small value and therefore small size inductors 
and capacitors. 

In Burst Mode operation, a current limit comparator 
monitors switch current and establishes an upper limit by 


controlling the switch-on time. Current limit can be ad- 
justed from 0% to 100% of its rated value by loading the 
soft start pin with a resistor. Connecting a 0.1 pF capacitor 
to this pin momentarily forces the current limit to zero at 
device turn-on which reduces supply current transients. 

The LT1309’s shutdown control can be used to disable the 
device. When turned off, supply current drops to 6pA and 
the input current into the sense pin drops to zero. 
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■ Digital Selection of OV, Vcc, 12V or Hi-Z 

■ Automatic Switching from 3.3V to 5V 

■ 120mA Output Current Capability 

■ Internal Current Limiting and Thermal Shutdown 

■ Powered from Unregulated 13V to 20V Supply 

■ Logic Compatible with Standard PCMCIA Controllers 

■ 1(iF Output Capacitor 

■ 30pA Quiescent Current in Hi-Z or 0V Mode 

■ VPP Valid Status Feedback Signal 

■ No VPP Overshoot 

flppucflTions 

■ Notebook Computers 

■ Palmtop Computers 

■ Pen-Based Computers 

■ Handi-Terminals 

■ Bar-Code Readers 

■ Flash Memory Programming 


MM/hL [FSILE^Si 

Final Electrical Specifications 

LT1312 

Single PCMCIA 
VPP Driver/Regulator 

May 1994 

DCSCRIPTIOn 

The LT1 31 2 provides 0V, 3.3V, 5 V, 1 2V and Hi-Z regulated 
power to the VPP pin of a PCMCIA card slot from a single 
unregulated 1 3Vto 20V supply. When used in conjunction 
with a PC card interface controller, the LT1312 forms a 
complete minimum component-count interface for 
palmtop, pen-based and notebook computers. The VPP 
output voltage is selected by two logic compatible digital 
inputs which interface directly with industry standard PC 
card interface controllers. 

Automatic 3.3V to 5 V switching is provided by an internal 
comparator which continuously monitors the PC card Vcc 
supply and automatically adjusts the regulated VPP out- 
put to match Vcc when the VPP =Vcc mode is selected. 

An open-collector VPP VALID output is driven low when 
VPP is in regulation at 12V. 

The LT1312 is available in both 8-pin DIP and 8-pin SOIC 
packaging. 


TYPICRl RPPUCRTIOR 


Typical PCMCIA Single Slot VPP Driver 


LT1312 Truth Table 


13V TO 20V 



ENO 

EN1 

SENSE 

VPPOUT 

VALID 

0 

0 

X 

OV 

1 

1 

0 

X 

12V 

0 

0 

1 

3.0V to 3.6V 

3.3V 

1 

0 

1 

4.5V to 5.5V 

5V 

1 

1 

1 

X 

HI-Z 

1 


X = Don’t care 
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absolute mnximum ratiags 

Supply Voltage 22V 

Digital Input Voltage 7 V to (GND - 0.3V) 

Sense Input Voltage 7 V to (GND - 0.3V) 

Valid Output Voltage 1 5 V to (GND - 0.3V) 

Output Short-Circuit Duration Indefinite 

Operating Temperature 0°C to 70°C 

Junction Temperature 0°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKRGE/ORDCR lAFORmATlOA 




TOP VIEW 


ORDER PART 

GND [T 



Tj VPPoUT 

NUMBER 

ENO U 
EN1 [T 



T] N.C. 

3 Vs 

LT1312CS8 

vaqo [T 



T\ SENSE 


S8 PACKAGE 

8-LEAD PLASTIC SOIC 

S8 PART MARKING 

Tjmax = 

125°C, 0ja = 150°C/W (S8) 

1312 


Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHARACTERISTICS Vs = 13V to 20V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

| CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

VPPOUT 

Output Voltage 

Program to 1 2 V, Iout ^ 1 20mA (Note 1 ) 

• 

11.52 

12.00 

12.48 

V 



Program to 5V, Iout ^ 30mA (Note 1) 

• 

4.75 

5.00 

5.25 

V 



Program to 3.3V, Iout ^ 30mA (Note 1 ) 

• 

3.135 

3.30 

3.465 

V 



Program to 0V, Iqut = -300pA 



0.42 

0.60 

V 

Ilkg 

Output Leakage 

Program to Hi-Z, OV < VPP 0UT ^ 1 2V 

• 

-10 


10 

mA 

•s 

Supply Current 

Program to 0V 

• 


30 

50 

mA 



Program to Hi-Z 

• 


30 

50 

mA 



Program to 12V, No Load 

• 


230 

360 

pA 



Program to 5V, No Load 

• 


75 

120 

pA 



Program to 3.3V, No Load 

• 


55 

90 

pA 



Program to 1 2V, Iout = 1 20mA 

• 


126 

132 

mA 



Program to 5V, Iqut = 30mA 

• 


31 

33 

mA 



Program to 3.3V, Iout = 30mA 

• 


31 

33 

mA 

luM 

Current Limit 

Program to 3.3V, 5V or 12V 



330 

500 

mA 

Venh 

Enable Input High Voltage 


• 

2.4 

V 

Venl 

Enable Input Low Voltage 


• 

0.4 

V 

Ienh 

Enable Input High Current 

2.4V <V| N < 5.5V 



20 

50 

pA 

Ienl 

Enable Input Low Current 

0V<V|n<0.4V 



0.01 

1 

pA 

VsEN5 

Vcc Sense Threshold 

VPPout = 3.3V to 5 V 

• 

3.60 

4.05 

4.50 

V 

VSEN3 

Vcc Sense Threshold 

VPPout =5V to 3.3V 

• 

3.60 

4.00 

4.50 

V 

■SEN 

Vcc Sense Input Current 

VsENSE = 5V 



38 

60 

MA 



V S ENSE = 3.3V 



18 

30 

pA 

VvALiDTH 

VPP valid Threshold Voltage 

Program to 12V 

• 

10.5 

11 

11.5 

V 

•valid 

VPP valid Output Drive Current 

Program to 1 2V, VvaOd = 0-4V 


1 

3.3 


mA 


VPPmiD Output Leakage Current 

Program to 0V, VvaOd = 12V 



0.1 

10 

pA 


The • denotes the specifications which apply over the full operating Note 1: For junction temperatures greater than 110°C, a minimum load 
temperature range. of 1 mA is recommended. 
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Quiescent Current (OV or Hi-Z Mode) 


Quiescent Current (12V Mode) 


Quiescent Current (3.3V/5V Mode) 



SUPPLY VOLTAGE (V) 

LT131 

Ground Pin Current (12V Mode) 




Ground Pin Current (5V Mode) 


Tj » 25°C 

EN0 = 0V 

EN1 = 5V 




VsENSE 

= 5V 




t 


Rl-i 

l|_ = 30 

57Q 

imA* 


7 


1 

R L = 500fl 


J 

P 





1 — 1 
*F0R VPPqut = 5\ 

/ 


Tj = 25°C 

EN0 = 0V 

EN1 = 5V 




R|_ = o' 





C\ 





A' 


VSEN 

SE = 5V 







t 


VsEN£ 

E = 3-3V 



0 5 10 15 20 25 

SUPPLY VOLTAGE (V) 

LT1312G3 

Ground Pin Current (3.3V Mode) 


5 10 15 20 

SUPPLY VOLTAGE (V) 



Ground Pin Current 


Current Limit 


Current Limit 



OUTPUT CURRENT (mA) 


Tj = 25°C 

700 h VPP OUT = 0V— 


J 600 

1 500 

=3 

O 

t= 400 

3 

£ 300 
o 

g 200 

</J 

100 

0 


5 10 15 20 

INPUT VOLTAGE (V) 


e 500 
E, 

5 400 

cc 

cc 

t 300 

=> 

cc 

200 

fe 

o 

W 100 
0 


V S =15 
VPPoui 

V 

= 0V 


















* 

















25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 

LT1312G9 
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ENO INPUT (V) OUTPUT VOLTAGE (V) 


LT1312 


TYPICAL P€RFORmnnC€ CHRRRCTCRISTICS 


Enable Input Threshold Voltage 


Enable Input Current 


Vcc Sense Threshold Voltage 



JUNCTION TEMPERATURE (°C) 


Vcc Sense Input Current 




ENABLE INPUT VOLTAGE (V) 


VALID Output Voltage 



Tj = 25* 
V S = 15 

C 

V 






CHT0 5 




SWI 




SWITI 

;HT0 3.3 

,/ 













0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 

LT1312G12 

Ripple Rejection (12V) 



ENABLE INPUT VOLTAGE (V) 


VALID OUTPUT CURRENT (mA) 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


12V Turn-On Waveform 


Line Transient Response (12V) 


Load Transient Response (12V) 



> cs 


0.4 

S 02 
0 

- 0.2 

-0.4 












CoUT 

-IMF 





= 10m 

























! 







□ 















0.1 0.2 0.3 0.4 0.5 0.6 

TIME (ms) 

LT1312G18 
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Supply Pin: Power is supplied to the device through the 
supply pin. The supply pin should be bypassed to ground 
if the device is more than 6 inches away from the main 
supply capacitor. A bypass capacitor in the range of 0.1 pF 
to 1 pF is sufficient. The supply voltage to the LT1 31 2 can 
be loosely regulated between 13V and 20V. See Applica- 
tions Information section for more detail. 

VPPout Pin: This regulated output supplies power to the 
PCMCIA card VPP pins which are typically tied together at 
the card socket. The VPPout output is current limited to 
approximately 330mA. Thermal shutdown provides a sec- 
ond level of protection. A IpF to lOpF tantalum output 
capacitor is recommended. See Applications Information 
section for more detail on output capacitor considerations. 

Input Enable Pins: The two digital input pins are high 
impedance inputs with approximately 20pA input current 
at 2.4V. The input thresholds are compatible with CMOS 


controllers and can be driven from either 5V or 3.3V 
CMOS logic. ESD protection diodes limit input excursions 
to 0.6V belowground. 

VALID Output Pin: This pin is an open-collector NPN 
output which is driven low when the VPPout pin is in 
regulation, i.e., when it is above 1 1 V. An external 51 k pull- 
up resistor is connected between this output and the same 
5V or 3.3V logic supply powering the PCMCIA compatible 
control logic. 

V C c Sense Pin: A built-in comparator and 4V reference 
automatically switches the VPPout from 5V to 3.3V de- 
pending upon the voltage sensed at the PCMCIA card 
socket Vcc pin. The input current for this pin is approxi- 
mately 30pA. For 5V only operation, connectthe Sense pin 
directly to ground. An ESD protection diode limits the 
input voltage to 0.6V below ground. 


BLOCK DlflGRflm 
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The LT1312 is a programmable output voltage, low- 
dropout linear regulator designed specifically for PCMCIA 
VPP drive applications. Input power is typically obtained 
from a loosely regulated input supply between 13V and 
20V (see Applications Information section for more detail 
on the input power supply). The LT1312 consists of the 
following blocks: 

Low Dropout Voltage Linear Regulator: The heart of the 
LT1312 is a PNP-based low-dropout voltage regulator 
which drops the unregulated supply voltage from 13V to 
20 V down to 12V, 5V, 3.3V, OV or Hi-Z depending upon 
the state of the two Enable inputs and the Vcc Sense input. 
The regulator has built-in current limiting and thermal 
shutdown to protect the device, the load, and the socket 
against inadvertent short circuiting to ground. 


Voltage Control Logic: The LT1312 has five possible 
output modes: OV, 3.3V, 5 V, 12V and Hi-Z. These five 
modes are selected by the two Enable inputs and the Vcc 
Sense input as described by the Truth Table. 

Vcc Sense Comparator: When the Vcc mode is selected, 
the LT1312 automatically adjusts the regulated VPPout- 
put voltage to 3.3V or 5V depending upon the voltage 
present at the PC card Vcc supply pin. The threshold 
voltage for the comparator is set at 4V and there is 
approximately 50mV of hysteresis provided to ensure 
clean switching between 3.3V and 5 V. 

VPP VALID Comparator: A voltage comparator monitors 
the output voltage when the 1 2 V mode is selected and is 
driven low when the output is in regulation above 11V. 


nppucnnons mFonmnnon 

The LT1312 is a voltage programmable linear regulator 
designed specificallyfor PCMCIA VPPdriver applications. 
The device operates with very low quiescent current 
(30|xA) in the OV and Hi-Z modes of operation. In the Hi-Z 
mode, the output leakage current falls to IgA. Unloaded 
quiescent current rises to only 55gA and 75pA when 
programmed to 3.3V and 5V respectively. In addition to 
the low quiescent currents, the LT1 31 2 incorporates sev- 
eral protection features which make it ideal for PCMCIA 
applications. The LT1312 has built-in current limiting 
(330mA) and thermal shutdown to protect the device and 
the socket VPP pins against inadvertent short-circuit 
conditions. 

AUXILIARY WINDING POWER SUPPLIES 

Because the LT1 31 2 provides excellent output regulation, 
the input power supply may be loosely regulated. One 
convenient (and economic) source of power is an auxil- 
iary winding on the main 5V switching regulator inductor 
in the main system power supply. 

LTC1142HV Auxiliary Winding Power Supply 

Figure 1 is a schematic diagram which describes how a 
loosely regulated 14V power supply is created by adding 


an auxiliary winding to the 5V inductor in a split 3.3V/5V 
LTC1142HV power supply system. A turns ratio of 1 :1 .8 
is used for transformer T1 to ensure that the input voltage 
to the LT1312 falls between 13V and 20V under all load 
conditions. The 9 V output from this additional winding is 
rectified by diode D2, added to the main 5V output and 
applied to the input of the LT1 31 2. (Note that the auxiliary 
winding must be phased properly as shown in Figure 1.) 

The auxiliary winding is referenced to the 5 V output which 
provides DC current feedbackfrom the auxiliary supply to 
the main 5 V section. The AC transient response is im- 
proved by returning the negative lead of C5 to the 5V 
output as shown. 

When the 12V output is activated by a TTL high on the 
Enable line, the 5 V section of the LTC1 1 42HV isforced into 
continuous mode operation. A resistor divider composed 
of R2, R3 and switch Q3 forces an offset which is sub- 
tracted from the internal offset at the Sense- input (pin 1 4) 
of the LTC1 1 42HV. When this external offset cancels the 
built-in 25mV offset, Burst Mode™ operation is inhibited 
and the LTC1142HV is forced into continuous mode 
operation. (See the LTC1142HV data sheet for further 
detail). In this mode, the 14V auxiliary supply can be 

Burst Mode™ is a trademark of Linear Technology Corporation. 
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Figure 1. Deriving 14V Power from an Auxiliary Winding on the LTC1142HV 5V Regulator 


loaded without regard to the loading on the 5V output of 
the LTC1142HV. 

Continuous mode operation is only invoked when the 
LT1312 is programmed to 12V. If the LT1312 is pro- 
grammed to 0 V, 3.3V or 5 V, power is obtained directly 
from the main power source (battery pack) through diode 
D1. Again, the LT1312 output can be loaded without 
regard to the loading of the main 5V output. 

R4 and C4 absorb transient voltage spikes associated with 
the leakage inductance inherent in T1 's secondary winding 
and ensure that the auxiliary supply does not exceed 20V. 

Figure 2 is a graph of output voltage versus output current 
for the auxiliary 14V supply shown in Figure 1. Note that 
the auxiliary supply voltage is slightly higher when the 5 V 
output is heavily loaded. This is due to the increased 
energy flowing through the main 5 V inductor. 

LTC1142HV Auxiliary Power from the 3.3V Output 

The circuit of Figure 1 can be modified for operation with 
low-battery count applications (6 cell). As the input volt- 
age falls, the 5V duty cycle increases to the point where 


there is simply not enough timeto transferenergy f rom the 
5V primary to the auxiliary winding secondary winding. 
For applications where heavy 12V load currents exist in 
conjunction with low input voltages (<6.5V), the auxiliary 
winding can be derived from the 3.3V section instead of 
the 5 V section of the LTC1142HV. In this case, a trans- 



i-i i u imiii i „ iu.mii i i mini i i mini 

0.1 1 10 100 1000 

AUXILIARY OUTPUT CURRENT (mA) 


Figure 2. LTC1142 Auxiliary Supply Voltage 
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former with a turns ratio of 1 :3.25 should be used in place 
of the 3.3V section inductor. The 3.3V duty cycle is more 
than adequate to support 12V load currents. 

LTC1148 Auxiliary Winding Power Supply 

The LTC1148 single switching regulator, as shown in 
Figure 3, can be used in applications which only require a 
single 5 V supply and a single PCMCIA driver. This circuit 
is very similarto one shown in Figure 1 . Note that the 3.3V 
mode has been eliminated by simply grounding the Vcc 
Sense pin of the LT1312 which automatically programs 
the output to 5V when the Vcc mode is selected. 

LINE POWERED SUPPLIES 

In line operated products such as: desktop computers, 
dedicated PC card readers/writers, medical equipment, 
test and measurement equipment, etc., it is possible to 
derive powerfrom a relatively “raw” source such as a 5V 
or 12V power supply. The 12V supply line in a desktop 
computer however, is usually too “dirty” to apply directly 


to the VPP pins of a PCMCIA card socket. Power supply 
switching and load transients may create voltage spikes 
on this line that may damage sensitive PCMCIA flash 
memory cards if applied directly to the VPP pins. 

Flash Memory Card VPP Power Considerations 

PCMCIA compatible flash memory cards require tight 
regulation of the 12V VPP programming supply to ensure 
that the internal flash memory circuitsare never subjected 
to damaging conditions. Flash memory circuits are typi- 
cally rated with an absolute maximum of 13.5V and VPP 
must be maintained at 12V ±5% under all possible load 
conditionsduringeraseand program cycles. Undervoltage 
can decrease specified flash memory reliability and over- 
voltage can damage the device 1 . 

Generating 14V from 5V or 12V 

It is important that the 12V VPP supply for the two VPP 
lines to the card be free of voltage spikes. There should be 
little or no overshoot during transitions to and from the 
12V level. 

'See Application Note AP-357, “Power Supply Solutions for Rash 
Memory", Intel Corporation, 1992. 



Figure 3. Deriving Auxiliary 14V Power from an LTC1148 5V Regulator 
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APpucOTions mFOftmnTion 



TO CARD VPP PIN 
OV, 5V. 12V OR Hl-Z 


Figure 4. Local 5V to 15V Boost Regulator for Line Operated Applications 



Figure 5. Local 12V to 15V Boost Regulator for Line Operated Applications 


This is easily accomplished by generating a local 14V 
supply from a relatively “dirty” 5V or 1 2V supply as shown 
in Figures 4 and 5. Precise voltage control (and further 
filtering) is provided by the LT1312 driver/regulator. A 
further advantage to this scheme is that it adds current 
limit in series with the VPP pins to eliminate possible 
damage to the card socket, the PC card, orthe switching 
power supply in the event of an accidental short circuit. 


Output Capacitance 

The LT1312 is designed to be stable with a wide range of 
output capacitors. The minimum recommended value is 
a IpF with an ESR of 3£i or less. The capacitor is con- 
nected directly between the output pin and ground as 
shown in Figure 6. 

Forapplications where space is very limited, capacitors as 
low as 0.33pF can be used. Extremely low ESR ceramic 


X 


xX 


x 


X 


Vs 

ENO VPPout 
LT1312 

EN1 



Vs 

ENO VPPout 
LT1312 

EN1 

+L 

“ZT>1jiF TANTALUM 
'J/OR ALUMINUM 

VALID SENSE 

— “ 

— 

TOD SENSE 

GND 

LT1312 F6 


GND 


i 



Figure 6. Recommended >1 fiF Tantalum Output Capacitor 


Figure 7. Using a 0.33|iF to IpF Output Capacitor 
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nppucflTions mFORmnnon 

capacitors with values less than IpF must have a 2£2 
resistoradded in series with the output capacitoras shown 
in Figure 7. 

Transient and Switching Performance 

The LT1312 is designed to produce minimal overshoot with 
capacitors in the range of IpF to lOpF. Larger capacitor 
values can be used with a slowing of rise and fall times. 

The positive output slew rate is determined by the 330mA 
current limit and the output capacitor. The rise time for a 
0V to 12V transition is approximately 40jos, the rise time 
for a lOpF capacitor is roughly 400ps (see the Transient 
Response curves in the Typical Performance Characteris- 
tics section). 

The fall time from 12V to 0V is set by the output capacitor 
and an internal pull-down current source which sinks 
about 30mA. This source will fully discharge a 1 pF capaci- 
tor in less than 1ms. 

Thermal Considerations 

Power dissipated by the device is the sum of two compo- 
nents: outputcurrent multiplied by the input-output differ- 
ential voltage Iout* (Vin~ Vout). and ground pin current 
multiplied by supply voltage Ignd * % 

The ground pin current can be found by examining the 
Ground Pin Current curves in the Typical Performance 
Characteristics section. 


Heat sinking, for surface mounted devices, is accom- 
plished by using the heat spreading capabilities of the PC 
board and its copper traces. Tables 1 and 2 list thermal 
resistance for both package types and for several different 
board sizes and copper areas. 

The junction temperature of the LT1 31 2 must be limited to 
125°Cto ensure proper operation. Use Table 1 and Table 
2, in conjunction with the typical performance graphs, to 
calculate the power dissipation and die temperature for a 
particular application and ensure that the die temperature 
does not exceed 125°C under any operating conditions. 


Table 1. N8 Package* 


COPPER AREA 

TOPSIDE BACKSIDE 

BOARD AREA 

THERMAL RESISTANCE 
(JUNCTION-TO-AMBIENT) 

2500 sq mm 

2500 sq mm 

2500 sq mm 

80°C/W 

1 000 sq mm 

2500 sq mm 

2500 sq mm 

80°C/W 

225 sq mm 

2500 sq mm 

2500 sq mm 

85°C/W 

1 000 sq mm 

1000 sq mm 

1000 sq mm 

91°C/W 


* Device is mounted topside. Leads are through hole and soldered both sides. 


Table 2. $8 Package* 


COPPER AREA 

TOPSIDE BACKSIDE 

BOARD AREA 

THERMAL RESISTANCE 
(JUNCTION-TO-AMBIENT) 

2500 sq mm 

2500 sq mm 

2500 sq mm 

120°C/W 

1000 sq mm 

2500 sq mm 

2500 sq mm 

120°C/W 

225 sq mm 

2500 sq mm 

2500 sq mm 

125°C/W 

1000 sq mm 

1000 sq mm 

1000 sq mm 

131°C/W 


‘Device is mounted topside. 
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TVPicm nppucflTions 

Single Slot Interface to CL-PD6710 



Single Slot Interface to “365” Type Controller 
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TYPICAL APPLICATION 

Flash Memory Programmer 


Vlogic 13V TO 20V 
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F€RTUR€S 

■ Digital Selection of OV, Vcc, 12V or Hi-Z 

■ Automatic Switching from 3.3V to 5 V 

■ 120mA Output Current Capability 

■ Internal Current Limiting and Thermal Shutdown 

■ Powered from Unregulated 13V to 20V Supply 

■ Logic Compatible with Standard PCMCIA Controllers 

■ IpF Output Capacitors 

■ 60pA Quiescent Current in Hi-Z or 0V mode 

■ Independent VPP Valid Status Feedback Signals 

■ No VPP Overshoot 

RPPUCOTIOnS 

■ Notebook Computers 

■ Palmtop Computers 

■ Pen-Based Computers 

■ Handi-Terminals 

■ Bar-Code Readers 

■ Flash Memory Programming 


IMOTML OSI^Si 

Final Electrical Specifications 

LT1313 

Dual PCMCIA 
VPP Driver/Regulator 

May 1994 

DCSCRIPTIOn 

The LT1 31 3 provides 0V, 3.3V, 5V, 1 2V and Hi-Z regulated 
power to the VPP pins of two PCMCIA card slots from a 
single unregulated 1 3Vto 20V supply. When used in conjunc- 
tion with a PC Card Interface Controller, the LT1 31 3 forms a 
complete minimum component-count interface for palmtop, 
pen-based and notebook computers. The two VPP output 
voltages are independently selected by four logic compat- 
ible digital inputs which interface directly with industry 
standard PC Card Interface Controllers. 

Automatic 3.3V to 5 V switching is provided by two inde- 
pendent comparators which continuously monitor each 
PC card Vcc supply voltage and automatically adjust the 
VPP output to match the associated Vcc P in voltage when 
the VPP = Vcc mode is selected. 

Two open-collector VPP VALID outputs are provided to 
indicate when the VPP outputs are in regulation at 12V. 

The LT1313 is available in 16-pin SOIC packaging. 


rVPICRL RPPUCRTIOR 


Typical PCMCIA Dual Slot VPP Driver 

13V TO 20V- 


DUAL PCMCIA 
CARD SLOT 
CONTROLLER 


AVs 

BV S 

AENO 

AVPPout 

AEN1 


AVALID 

ASENSE 


LT1313 

BENO BVPPout 
BENI 

BVAUD BSENSE 
GND GND 

I 1 


ZO.IjiF 


in 


n 


-IpF 
'^'TANTALUM 


IE 


a 


■IpF 
'^ TANTALUM 


VPP1 

VPP2 
PCMCIA 
CARD SLOT 
#1 

Vcc 


VPP1 

VPP2 

PCMCIA 
CARD SLOT 
#2 

Vcc 


3.3V/5V 


LT1313 Truth Table 


AENO 

AEN1 

ASENSE 

AVPPout 

avaCId 

0 

0 

X 

OV 

1 

1 

0 

X 

12V 

0 

0 

1 

3.0V to 3.6 V 

3.3V 

1 

0 

1 

4.5V to 5.5V 

5V 

1 

1 

1 

X 

Hi-Z 

1 


X = Don’t care 


BENO 

BENI 

BSENSE 

BVPPqut 

BVAUD 

0 

0 

X 

OV 

1 

1 

0 

X 

12V 

0 

0 

1 

3.0V to 3.6V 

3.3V 

1 

0 

1 

4.5V to 5.5V 

5V 

1 

1 

1 

X 

Hi-Z 

1 


Note: Each channel is independently controlled. 
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LT1313 


absolute mnximum ratiags 

Supply Voltage 22V 

Digital Input Voltage 7 V to (GND - 0.3V) 

Sense Input Voltage 7 V to (GND - 0.3V) 

VALID Output Voltage 15V to (GND - 0.3V) 

Output Short-Circuit Duration Indefinite 

Operating Temperature 0°C to 70°C 

Junction Temperature 0°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER MFORAlATIOn 




TOP VIEW 


ORDER PART 

GND [7 



lU avppout 

NUMBER 

AEN0 [7 



15l NC 


AEN1 [T 



in Vs 

LT1313CS 

AVAUD [T 



H] ASENSE 


GND [][ 



m bvppqut 


BEN0 |T 



u\ NC 


BENI [7 



iU v s 


BVAUD (T 



7] BSENSE 




S PACKAGE 



16-LEAD PLASTIC SOIC j 


Tjmax 

= 

125°C, 0j A - 100°C/W 



ELECTRICAL CHARACTERISTICS V s = 13V to 20V, Ta = 25°C (Note 1), unless otherwise noted. 


SYMBOL 

PARAMETER 

| CONDITIONS j 

MIN 

TYP 

MAX 

UNITS 

VPPOUT 

Output Voltage 

Program to 12V, Iqut ^ 120mA (Note 2) 

• 

11.52 

12.00 

12.48 

V 



Program to 5V, Iout ^ 30mA (Note 2) 

• 

4.75 

5.00 

5.25 

V 



Program to 3.3 V, Iqut ^ 30mA (Note 2) 

• 

3.135 

3.30 

3.465 

V 



Program to 0V, Iout = -300pA 



0.42 

0.60 

V 

•lkg 

Output Leakage 

Program to Hi-Z, 0V <; VPP 0UT <; 1 2V 

• 

-10 


10 

pA 

•s 

Supply Current 

Both Channels Programmed to 0V 

• 


60 

100 

pA 



Both Channels Programmed to Hi-Z 

• 


60 

100 

MA 



One Channel Programmed to 12V, No Load (Note 3) 

• 


260 

400 

mA 



One Channel Programmed to 5V, No Load (Note 3) 

• 


105 

150 

pA 



One Channel Programmed to 3.3V, No Load (Note 3) 

• 


85 

120 

pA 



One Channel Programmed to 12V, Iout = 120mA (Note 3) 

• 


126 

132 

mA 



One Channel Programmed to 5V, Iqut = 30mA (Note 3) 

• 


31 

33 

mA 



One Channel Programmed to 3.3V, Iout = 30mA (Note 3) 

• 


31 

33 

mA 

lUM 

Current Limit 

Program to 3.3V, 5V or 12V (Note 3) 



330 

500 

mA 

Venh 

Enable Input High Voltage 


• 

2.4 

V 

Venl 

Enable Input Low Voltage 


• 

0.4 

V 

Ienh 

Enable Input High Current 

2.4V <V| N S 5.5V 



20 

50 

pA 

•enl 

Enable Input Low Current 

0V< V,n < 0.4V 



0.01 

1 

pA 

V SEN5 

Vcc Sense Threshold 

VPPout = 3.3V to 5V (Note 4) 

• 

3.60 

4.05 

4.50 

V 

V SEN3 

Vcc Sense Threshold 

VPPout =5V to 3.3V (Note 4) 

• 

3.60 

4.00 

4.50 

V 

•sen 

Vcc Sense Input Current 

Vsense = 5V 



38 

60 

pA 



Vsense = 3.3V 



18 

30 

PA 

VvALIDTH 

VPPvaud Threshold Voltage 

Program to 12V, (Note 5) 

• 

10.5 

11 

11.5 

V 

Ivalid 

VPPvALioOutput Drive Current 

Program to 1 2 V, V V aud = 0.4V, (Note 5) 


1 

3.3 


mA 


VPPvaud Output Leakage Current 

Program to 0V, Vvaud = "12V, (Note 5) 



0.1 

10 

pA 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Both Vs pins (10, 14) must be connected together, and both 
ground pins (1, 5) must be connected together. 

Note 2: For junction temperatures greater than 11 0°C, a minimum 
load of 1 mA is recommended. 


Note 3: The other channel is programmed to the 0V mode (XEN0 
XEN1 = 0V) during this test. 

Note 4: The Vcc sense threshold voltage tests are performed 
independently. 

Note 5: The VPPvaud tests are performed independently. 
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Quiescent Current (OV or Hi-Z Mode) 


Quiescent Current (12V Mode) 


Quiescent Current (3.3V/5V Mode) 
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TYPICAL P€RFORmnnC€ CHRRRCTCRISTICS 
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pm Funcnons 

Supply Pins: Power is supplied to the device through the 
two supply pins which must be connected together at all 
times . The supply pins should be bypassed to ground if 
the device is more than six inches away from the main 
supply capacitor. A bypass capacitor in the range of 0.1 pF 
to 1 pF is sufficient. The supply voltage to the LT1 31 3 can 
be loosely regulated between 13V and 20V. 

VPPouiPins: Each regulated outputsuppliespowerto the 
two PCMCIA card VPP pins which are typically tied to- 
getherat the socket. Each VPPqut output is current limited 
to approximately 330mA. Thermal shutdown provides a 
second level of protection. A IpF to lOpF tantalum output 
capacitor is recommended. 

Input Enable Pins: The four digital input pins are high 
impedance inputs with approximately 20pA input current 
at 2.4V. The input thresholds are compatible with CMOS 
controllers and can be driven from either 5V or3.3V CMOS 
logic. ESD protection diodes limit input excursions to 0.6 V 
below ground. 


VALID Output Pins: These pins are open-collector NPN 
outputs which are driven low when the corresponding 
VPPout Pin is in regulation, i.e., when it is above 1 1V. Two 
external 51k pull-up resistors are connected between 
these outputs and the same 5V or 3.3V logic supply 
powering the PCMCIA compatible control logic. 

V C c Sense Pins: Two independent comparators and 4V 
references automatically switch the VPPqut outputs from 
5 V to 3.3V depending upon the voltage sensed at the 
corresponding PCMCIA card socket Vqq pin. The input 
current for these pins is approximately 30pA. For5V only 
operation, connect the Sense pins directly to ground. An 
ESD protection diode limits the input voltage to 0.6V below 
ground. 

Ground Pins: The two ground pins must be connected 
together at all times. 


OPCROTIOn 

The LT1313 is two programmable output voltage, low- 
dropoutlinearregulators designed specificallyforPCMCIA 
VPP drive applications. Input power is typically obtained 
from a loosely regulated input supply between 13V and 
20 V. The LT1313 consists of the following blocks: 

Two LowDropoutVoltageLinearRegulators:The heart of 
the LT1313 is two PNP-based low-dropout voltage regula- 
tors which drop the unregulated supply voltage from 1 3 V to 
20V down to 1 2 V, 5 V, 3.3V, OV or Hi-Z depending upon the 
state of the four Enable inputs and the two Vqc Sense 
inputs. The regulators have built-in current limiting and 
thermal shutdown to protect the device, the loads, and the 
sockets against inadvertent short circuiting to ground. 

Voltage Control Logic: The two VPPqut outputs have five 


possible output modes: OV, 3.3V, 5V, 1 2 V and Hi-Z. These 
five modes are selected by the four Enable inputs and the 
two Vqc Sense inputs as described by the Truth Table. 

Vqc Sense Comparators: When the Vqq mode is selected, 
the LT1 31 3 automatically adjusts each regulated VPP output 
voltage to 3.3 V or 5V depending upon the voltage present 
at the corresponding PC card Vqq supply pin. The thresh- 
old voltage for these comparators is set at 4V and there is 
approximately 50mV of hysteresis provided to ensure 
clean switching between 3.3V and 5 V. 

VPP VALID Comparator: Two voltage comparators moni- 
tor each output voltage when the 1 2 V mode is selected and 
are driven low when the output is in regulation above 1 1 V. 
These two outputs function separately. 


rj unm 

TECHNOLOGY 


13-75 




LT1313 


BLOCK DIBGRflm (One Channel) 


v s 


XV CC SENSE 


XENO 

XEN1 



-XVPPout 


■ XVALID 


nppucmions inFOftmnTion 

The LT1313 is two voltage programmable linear regula- 
tors designed specifically for PCMCIA VPP driver applica- 
tions. The device operates with very low quiescent cu rrent 
(60pA) in the OV and Hi-Z modes of operation. In the Hi-Z 
mode, the output leakage current falls to IpA. In addition 
to the low quiescent currents, the LT1313 incorporates 
several protection features which make it ideal for PCMCIA 


applications. The LT1 31 3 has built-in current limiting (330mA) 
and thermal shutdown to protect the device and the socket 
VPP pins against inadvertent short-circuit conditions. 

For mo re detailed applications information, seethe LT1 31 2 
Single PCMCIA VPP Driver/Regulator data sheet. 
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typical fippucnnons 


Dual Slot PCMCIA Interface to CL-PD6720 
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■ Single Chip Provides Standard RS232 or 
RS422/AppleTalk Port 

■ Operates From a Single 5 V Supply 

■ Charge Pump Uses 0.1 pF Capacitors 

■ Output Common-Mode Voltage Range Exceeds 
Power Supply Rails for All Drivers 

■ Driver Outputs are High Impedance With Power Off 

■ Pin Selectable RS232/RS422 Receiver 

■ Thermal Shutdown Protection 

■ Drivers are Short-Circuit Protected 

appucatiors 

■ Dual-Mode RS232/RS422 Peripherals 

■ AppleTalk Peripherals 

■ Single 5V Systems 


OlMOTfML HSlMSi 

Final Electrical Specifications 

LTC1318 

Single 5V 
RS232/RS422/AppleTalk® 
Transceiver 

May 1994 

DCSCRIPTIOA 

The LTC1318 is an RS232/RS422 transceiver that oper- 
ates from a single 5 V supply. It includes an on-board 
charge pump to generate a ±8V supply which allows true 
RS232 output swings. The charge pump requires only 
four external 0.1 pF capacitors. The LTC1 31 8 includes two 
RS232 drivers, a differential RS422 driver, a dedicated 
RS232 receiver, and a pin selectable RS232/RS422 re- 
ceiver which can receive either single-ended or differential 
signals. 

The LTC1 31 8 features driver outputs which can be taken 
to common-mode voltages outside the power supply rails 
without damage. Additionally, the driver outputs assume 
a high impedance state when the power is shut off, 
preventing externally applied signals from feeding back 
into the power supplies. The RS232 devices will operate at 
speeds up to 100k baud. The RS422 devices will operate 
up to 2M baud. 

The LTC1318 is available in a 24-lead SOL package. 

AppleTalk and LocalTalk are registered trademarks of Apple Computer, Inc. 
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absolute maximum ratings 


(Note 1) 

Supply Voltage: 


Vcc 

7 V 

v + 

13.2V 

V- 

-13.2V 

Input Voltage: 

All Drivers 

.-0.3 to (V cc + 0.3V) 

All Receivers 

-25V to 25V 

RXMODE Pin - 

-0.3V to (V cc + 0.3V) 

Output Voltage: 

RS232 Drivers (V + 

-30V) to (V - + 30V) 

RS422 Drivers 

+15V 

All Receivers - 

-0.3V to (V cc + 0.3V) 

Short-Circuit Duration: 

V + or V" to GND 

30 sec 

Driver or Receiver Outputs 

Indefinite 

Operating Temperature Range 

0°C to 70°C 

Lead Temperature (Soldering, 10 sec) ,.300°C 


PACKAGE/ORDER IRFORmRTIOn 






ORDER PART 

vE 

i 

TOP VIEW 



24] V' 

NUMBER 

ci* |T 



M C2 ~ 

LTC1318CS 

c r [T 

, 


22 } C2 + 


RXI1 [7 



U] RXOI 


TXOI (T 



13 TX12 


TX02 [IT 



U TXI1 


Vcciz 



ID GND 


RXD + [T 



77] RXDO/RX02 


RXD7RXI2 [T 



16] TXD 


TXD* [10 



15] RXMODE 


TXD“ [TT 



U} GND 


NC Q2 



a nc 




S PACKAGE 



24-LEAD PLASTIC SOL 


Tjmax 

= 1 25°C, 0 JA = 85°C/W 



Consult factory for Industrial and Military grade parts 


ELECTRICAL CHARACTERISTICS V s = 5V ±5%, Cl = C2 = 0.1 nF, T A = 0°C to 70°C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supplies 

•cc 

Supply Current 

No Load 

• 


18 

30 

mA 

V + 

Positive Charge Pump Output Voltage 

Iout = OrnA 

• 

7.8 

8.8 


V 



Iout = 10mA, Vcc = 5 V 

• 

6.8 

7.4 


V 

v- 

Negative Charge Pump Output Voltage 

Iout = OmA 

• 

-7.3 

-8.6 


V 



1 out = -5mA, Vcc - 5V 

• 

-6.3 

-7.3 


V 

Differential Driver 

VOD 

Differential Driver Output Voltage 

No Load (Figure 1) 

• 

±4 



V 



R l = 100Q (Figure 1) 

• 

±2 



V 

DVqd 

Change in Magnitude of Differential 

Output Voltage 

R L = 100ft (Figure 1) 

• 

0.2 

V 

Voc 

Common-Mode Output Voltage 

Rl = 1 00ft (Rgure 1) 

• 

3 

V 

•dss 

Short-Circuit Output Current 

-1V<V CMR <7V 

• 

35 


200 

mA 

V L 

Input Low Voltage 


• 

0.8 

V 

V| H 

Input High Voltage 


• 

2.0 

V 

Single-Ended Driver 

Vo 

Output Voltage Swing 

R l = 3k 

• 

±5 

7.3/— 6.5 


V 

•oss 

Short-Circuit Output Current 

V 0 UT = OV 

• 

±5 

12 


mA 

V|L 

Input Low Voltage 


• 

0.8 

V 

VlH 

Input High Voltage 



2 

V 

SR 

Output Slew Rate 

R l = 3k. C L = 51 pF 

• 

4 

15 
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ELECTRICRL CHRRRCTERISTICS V s = 5V ±5%, Cl = C2 = 0.1 pF, T A = 0°C to 70°C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Differential Receiver 



Vth 

Differential Receiver Threshold 


• 

-0.2 


0.2 

V 

CMR 

Common-Mode Input Range 


• 

-7 


7 

V 


Hysteresis 

V C M = OV 

• 

70 

mV 

Rin 

Input Resistance 

TA = 25°C 


3 

5 

7 

k Q 

VoL 

Output Low Voltage 

Iout = -1 .6mA 


0.4 

V 

VoH 

Output High Voltage 

Iout = 160pA, V CC = 5V 


3.5 

V 

loss 

Short-Circuit Output Current 

Vo = GND orV cc 


±7 


±85 

mA 

Single-Ended Receiver 



V L 

Input Voltage Low Threshold 


• 

0.8 

1.3 


V 

V| H 

Input Voltage High Threshold 


• 


1.7 

2.4 

V 


Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Rin 

Input Resistance 

TA = 25°C 


3 

5 

7 

ta 

VOL 

Output Low Voltage 

Iout = “4 mA 

• 


0.2 

0.4 

V 

VoH 

Output High Voltage 

Iout = 4 mA, Vcc = 5V 

• 

3.5 

4.8 


-V 

loss 

Short-Circuit Output Current 

V 0 = GND orV cc 

• 

±7 


±85 

mA 

VlLRXM 

RXMODE Input Low Voltage 


• 

0.8 

1.6 


V 

VlHRXM 

RXMODE Input High Voltage 


• 


1.6 

2.0 

V 

IlNRXM 

RXMODE Input Current 

V|n = OV or Vcc 

• 

±2 

mA 

Switching Characteristics 



tpLH.HL 

Differential Driver Propagation Delay 

Rl= 100Q, Cl = lOOpF (Figures 2,3) 

• 


35 

100 

ns 

tSKEW 

Differential Driver Output to Output 

R L = 100Q, C|_ = lOOpF (Figures 2,3) 

• 


5 

35 

ns 

tR.F 

Differential Driver Rise, Fall Time 

R L =100n, C L = lOOpF (Figures 2,3) 

• 


15 

50 

ns 

tpLH.HL 

Differential Receiver Propagation Delay 

Cl= 15pF, (Figures 4) 

• 


110 

200 

ns 

tsEL 

Receiver Mode Switching Time 


• 


25 

100 

ns 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 


Note 2: All currents into device pins are negative, all currents out of device 
pins are positive. All voltages are referenced to ground unless otherwise 
specified. 

Note 3: All typicals are given at Vcc = 5V, Ta = 25°C. 


TEST CIRCUITS 
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Figure 1. 
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V 0D2 

(RXD + )-(RXD“) 

-V()D2 

VoH 

RXDO 

VoL 


A 


f = 1MHz:t r <10ns:tf <10ns V 


7 

/ 31 
M.5V 


Figure 4. Differential Receiver 


pm Funcnons 

V + (Pin 1): Charge Pump Positive Output. This pin re- 
quires a O.lpF capacitor to ground. Under normal opera- 
tion this pin maintains a voltage of about 8.8V above 
ground. An external load can be connected between this 
pin and ground or V - . 

C1 + , Cl - (Pins 2, 3): Cl Inputs. Connect a O.lpF capacitor 
between C1 + and Cl". 

RXI1 (Pin 4): First RS232 Single-Ended Receiver Input. 
This is an inverting receiver. 

TX01 , TX02 (Pins 5,6): RS232 Single-Ended Driver Out- 
puts. 

Vcc (Pin 7): Positive Supply Input. Apply 4.75V x Vcc x 
5.25V to this pin. A 0.1 pF bypass capacitor is required. 

RXD + (Pin 8): When RXMODE (pin 1 5) is low, this pin acts 
as the differential RS422 receiver positive input. When 
RXMODE is high, this pin is disabled. 

RXD~/RXI2 (Pin 9): When RXMODE is low, this pin acts as 
the differential RS422 receiver negative input. When 


RXMODE (pin 15) is high, this pin acts as the second 
RS232 receiver input. The receiver is inverting in RS232 
mode. 

TXD + (Pin 10): Differential RS422 Driver Noninverting 
Output. 

TXD” (Pin 11): Differential RS422 Driver Inverting Output. 

NC (Pin 12,13): No Internal Connection. 

GND (Pins 14, 18): Power Supply Ground. Connect both 
pins to each other and to the ground. 

RXMODE (Pin 15): This pin controls the state of the 
differential/single-ended receiver. When RXMODE is low, 
the receiver is in differential mode and will receive RS422- 
compatible signals at RXD + and RXD~/RXI2 (pins 8 
and 9). When RXMODE goes high, the receiver enters 
single-ended mode and will receive RS232-compatible 
signals at RXD~/RXI2. RXD + is disabled in single-ended 
mode. Both modes use the RXD0/RX02 pin (Pin 17) as 
their output. 
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TXD (Pin 16): Differential RS422 Driver Input (TTL Com- 
patible). 

RXD0/RX02 (Pin 17): This is the output of the config urable 
differential/single-ended receiver. 

TXI1 , TXI2 (Pins 20,19): RS232 Driver Inputs (TTL Com- 
patible). Both are inverting inputs. 

RX01 (Pin 21): First RS232 Receiver Outputs (TTL com- 
patible). 


C2 + , C2“(Pins22, 23): C2 inputs. Connect a 0.1 pF capacitor 
between C2 + and C2~. 

V" (Pin 24): Charge Pump Negative Output. This pin 
requires aO.1 pF capacitorto ground. Undernormal opera- 
tion, this pin maintains a voltage of about 8.6V below 
ground. An external load can be connected between this 
pin and ground or V + . 


flppucnTion mFORmnnon 

Interface Standards 

The LTC1 318 provides compatibility with both RS232 and 
RS422/Ap p leTal k/LocalTal k standards in a single chip, 
enabling a system to communicate using either protocol 
as necessary. The LTC1318 provides two RS232 single- 
ended drivers and one RS422 differential driver and two 
receivers. One of the receivers is a dedicated RS232 
single-ended receiver, while the other can be configured 
for RS232 (single-ended) or RS422 (differential) opera- 
tion by controlling the logic state of the select pin. All 
single-ended drivers and receivers meet the RS232C 
specification for output swing, load driving capacity and 
input range, and can additionally transmit and receive 
signals as high as lOOkbaud. The differential driver and 
receiver can interface to both RS422 and AppleTalk net- 
works, and can transmit and receive signals at rates 
exceeding 2Mbaud. 

Fault Protection 

The LTC1318 incorporates many protection features to 
make it as “bustproof” as possible. All driver outputs and 
receiver inputs are protected against ESD strikes to 6kV, 
eliminating the need for external protection devices in 
most applications. All driver outputs can betaken outside 
the power supply rails without damage and will not allow 
current to be forced back into the supplies, preventing the 
output fault from affecting other logic circuits using the 
same power supply. Additionally, the driver outputs enter 


a high-impedance state when the power is removed, 
preventing the system from loading the data lines when it 
is shut off. All driver and receiver outputs are protected 
against short circuits to ground or to the supply rails. 

Charge Pump Power Supply 

The LTC1 31 8 incl udes an on-board charge pump to gen- 
erate the voltages necessary for true RS232 compatible 
output swing. This charge pump requires just four exter- 
nal 0.1 pF capacitors to operate; two flying caps connected 
to the Cl VCI'and C2+/C2 - pins, and two hold caps, one 
from V + to ground and onefrom V - to ground. The charge 
pump has enough extra capacity to drive light external 
loads and still meet RS232 specifications; it will support a 
1 0mA load from V + to ground or a 5mA from V + to V~ 
(Figure 5). 


5 V 



Figure 5. 
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Configurable RS422/RS232 Receiver 

There are two line receivers in the LTC1318. One is a 
dedicated RS232 receiver; the other can receive both 
single-ended RS232 signals and differential RS422 sig- 
nals. This second receiver has two inputs; RXD + (pin 8) 
and RXD" (pin 9) to accept differential signals; The RXD + 
input is disabled in single-ended mode. The receiver 
mode is set by the RXMODE (pin 15). A low level on 
RXMODE configures the receiver in differential mode; it 


accepts input at RXD + and RXD", and outputs the data at 
RXDO (pin 1 7). A high level at RXMODE forces the receiver 
into single-ended mode; RXD + is disabled, pin 9 switches 
identity from RXD" to RXI2, and pin 17 switches from 
RXDO to RX02, the single-ended data output. In this mode 
the receiver accepts RS232 signals at RXI2 and outputs 
the data through RX02. The receiver becomes inverting in 
single-ended mode. This receiver can switch between its 
two modes within 1 00ns allowing the system to sense the 
input signal and configure itself accordingly. 
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Final Electrical Specifications 

LTC1323 



KATURCS 

■ Single Chip Provides Complete 
LocalTalk®/AppleTalk Port 

■ Operates From a Single 5 V Supply 

■ ESD Protection to lOkV on Receiver Inputs 
and Driver Outputs 

■ Low Power: Ice = 2.4mA Typ 

■ Shutdown Pin Reduces l C c to 0.5pA Typ 

■ Receiver Keep-Alive Function: Ice = 65pA Typ 

■ Differential Driver Drives Either Differential 
AppleTalk or Single-Ended EIA562 Loads 

■ Drivers Maintain High Impedance in Three-State or 
with Power Off 

■ Thermal Shutdown Protection 

■ Drivers are Short-Circuit Protected 

APPUCATIOAS 

■ LocalTalk Peripherals 

■ Notebook/Palmtop Computers 

■ Battery-Powered Systems 


Single 5V 
AppleTalk® Transceiver 

January 1994 

D6SCRIPTIOA 

The LTC1 323 is a single 5 V line transceiver designed to 
operate on Appletalk or EIA562 networks. The LTC1323 
is available in 1 6-pin or 24-pin versions, each includes a 
differential RS422 compatibletransceiver. Achargepump 
generates the chip’s -5V supply which may also be used 
to poweran external device. The24-pin LTC1 323 includes 
an additional dedicated EIA562 driver and two EIA562 
receivers, one of which features a micropower keep-alive 
mode which can be used for monitoring external wake- 
up signals. The LTC1323 draws only 2.4mA quiescent 
current when active, 65pA in receiver keep-alive mode, 
and 0.5pA in shutdown making it ideal for use in battery- 
powered systems. 

Thedifferential driverwill drive either differential AppleTalk 
loads or EIA562 single-ended loads. The driver outputs 
three-state when disabled, during shutdown, in receiver 
keep-alive mode, or when the power is off. The driver 
outputs will maintain high impedance even with output 
common-mode voltages beyond the power supply rails. 
Both the driver outputs and receiver inputs are protected 
against ESD damageto 1 0kV. 

AppleTalk and LocalTalk are registered trademarks of Apple Computer, Inc. 
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absolute maximum ratirgs 

Supply Voltage (Vcc) 7 V 

Input Voltage 

Logic Inputs -0.3V to Vcc + 0.3V 

Receiver Inputs ±15V 

Driver Output Voltage (Forced) ±15V 


Driver Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORmRTIOn 





ORDER PART 
NUMBER 


TOP VIEW 


ORDER PART 
NUMBER 


TOP VIEW 
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cr X 
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cr X 

: 
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TXD [T 



S v EE 


TXD X 
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14] C2~ 
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TXI [T 
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TXD" 
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SD X 


m TXD" 
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RXEN X 

S 
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16] RXI 
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16-LEAD PLASTIC SOL 


GND 0| 



13] PGND 


Tjmax = 1 25°C, 0ja = 85°C/W 


S PACKAGE 

24-LEAD PLASTIC SOL 






Tjmax 

= 125°C, 0 JA = 85°C/W 



Consult factory for Industrial and Military grade parts 


ELECTRICAL CHARACTERISTICS Vcc = 5V ±10%, T A = 0°c to 70°C (Notes 2, 3) 


SYMBOL 

| PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX j 

UNITS 

Supplies 

Icc 

Normal Operation Supply Current 

No Load, SD = 0V, CPEN = 0V, TXDEN = 0V, 
RXEN = 0V 

• 


2.4 

4 

mA 


Receiver Keep-Alive Supply Current 

No Load, SD = 0V, CPEN = V CC , TXDEN = 0V, 
RXEN = 0V 

• 


65 

100 

MA 


Shutdown Supply Current 

No Load, SD = V CCl CPEN = X, TXDEN = X, 

RXEN = 0V 

• 


0.5 

10 

mA 

Vee 

Negative Supply Output Voltage 

Iload — 10mA (Note 4), 

V CC = 5V, R l = 100Q (Figure 1), 

TXI = Veer Rtxo = 3k (Figure 5) 

• 

-5.5 

-5 

-4.5 

V 

^OSC 

Charge Pump Oscillator Frequency 



200 

kHz 


Differential Driver 


Vod 

Differential Output Voltage 

No Load 

R l = 100Q (Figure 1) 

• 

• 

±8 

±2 

V 

AVqd 

Change in Magnitude of Differential 
Output Voltage 

R l = 100^2 (Figure 1) 


0.2 

V 
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ELECTRICAL CHARACTERISTICS Vcc = 5V ±10%, T a = 0°C to 70°C (Notes 2, 3) 


SYMBOL 

PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

| UNITS 


Differential Driver 


Voc 

Differential Common-Mode 

Output Voltage 

R L = ioon 


3 

V 

Vos 

Single-Ended Output Voltage 

No Load 

• 

±4.5 

V 



R l = 3k to GND 

• 

±3.7 

V 

VcMR 

Common-Mode Range 

SD = Vcc or CPEN = Vcc or Power Off 

• 

±10 

V 

Iss 

Short-Circuit Current 

-5V^V 0 ^5V 

• 

35 120 250 

mA 

•oz 

Three-State Output Current 

SD = Vcc or cp EN = Vcc or P° wer Off. 

• 

±2 ±200 

MA 



-10V<;Vo<10V 





Single-Ended Driver (Note 5) 


Vos 

Single-Ended Output Voltage 

No Load 

Rl = 3k to GND 

• 

• 

±4.5 

±3.7 

V 

V 

VcMR 

Common-Mode Range 

SD = V cc or CPEN = V cc or fXDEN = V cc 
or Power Off 

• 

±10 

V 

Iss 

Short-Circuit Current 

-5V< V Q < 5V 

• 

35 220 500 

mA 

loz 

Three-State Output Current 

SD = V cc or CPEN = V cc or MEN = V cc 
or Power Off, -10V < Vq < 1 0V 

• 

±2 ±200 

PA 


Receivers 


Rin 

Input Resistance 

-7V< V| N <7V 

• 

12 

kO 


Differential Receiver Threshold Voltage 

-7V<V CM <7V 


-200 200 

mV 


Differential Receiver Input Hysteresis 

-7V<V CM ^7V 

• 

70 

mV 


Single-Ended Input, Low Voltage 

(Note 5) 

• 

0.8 

V 


Single-Ended Input, High Voltage 

(Note 5) 

• 

2 

V 

VoH 

Output High Voltage 

| 0 = -4mA 

• 

3.5 

V 

V 0 L 

Output Low Voltage 

i 

-sr 

n 

o 

• 

0.4 

V 

Iss 

Output Short-Circuit Current 

-5V < V 0 ^ 5V 

• 

7 85 

mA 

•oz 

Output Three-State Current 

-5V < V 0 < 5V, RXEN = V cc 

• 

±2 ±100 

pA 


Logic Inputs 


VIH 

Input High Voltage 

All Logic Input Pins 

• 

2.0 

V 

VIL 

Input Low Voltage 

All Logic Input Pins 

• 

0.8 

V 

1C 

Input Current 

All Logic Input Pins 

• 

±1.0 ±20 

pA 


Switching Characteristics 


tpLH. tpHL 

Differential Driver Propagation Delay 

Rl = 100Q, Cl = 100pF (Figures 2, 7) 

• 

40 120 

ns 

Differential Driver Propagation Delay 
with Single-Ended Load 

Rl = 3k, Cl = 1 0OpF (Figures 3, 9) 

• 

120 180 

ns 

Single-Ended Driver Propagation Delay 

R l = 3k, C L = lOOpF, (Figures 5, 10) (Note 5) 

• 

40 120 

ns 

Differential Receiver Propagation Delay 

C L = 15pF (Rgures 2,11) 

• 

70 160 

ns 

Single-Ended Receiver 

Propagation Delay 

C L = 15pF (Rgures 6, 12) (Note 5) 

• 

70 160 

ns 

Inverting Receiver Propagation Delay 
in Keep-Alive Mode, 

SD = 0V, CPEN = V cc 

Cl = 15pF (Rgures 6,12) (Note 5) 

• 

150 400 

ns 

tsKEW 

Differential Driver Output to Output 

Rl = 100Q, Cl = lOOpF (Figures 2, 7) 

• 

10 50 

ns 
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€l€CTMCfll CHflftflCTCftlSTICS Vcc = 5V ±10%, T a = 0°C to 70°C (Notes 2 and 3) 


SYMBOL 1 PARAMETER | CONDITIONS | MIN TYP MAX | UNITS 

Switching Characteristics 


tr.tf 

Differential Driver Rise/Fall Time 

R l = 1 00Q, Cl = 1 0OpF (Figures 2, 7) 

• 

50 

150 

ns 


Differential Driver Rise/Fall Time 
with Single-Ended Load 

Rl = 3k, Cl = 1 0OpF (Figures 3, 9) 

• 

50 

150 

ns 


Single-Ended Driver Rise/Fall Time 

R l = 3k, C L = lOOpF (Figures 5, 10) (Note 5) 

• 

15 

80 

ns 

tHDIS. tLDIS 

Differential Driver Output Active 
to Disable 

C L = 15pF (Figures 4, 8) 

• 

50 

150 

ns 


Any Receiver Output Active to Disable 

Cl= 15pF (Figures 4, 13) 

• 

30 

100 

ns 

tENH. tENL 

Differential Driver 

Enable to Output Active 

Cl= 15pF (Figures 4, 8) 

• 

50 

150 

ns 


Any Receiver, Enable to Output Active 

Cl= 15pF (Figures 4, 13) 

• 

30 

100 

ns 

Veer 

Supply Rise Time From Shutdown 
or Receiver Keep-Alive 

Cl = C2 = 0.33 |liF, C VE e = 1^F 

• 

0.2 

ms 


The • denotes specifications which apply over the fui! operating Note 3: All typicals are given at Vcc = 5 V, = 25°C. 

temperature range. Note 4: Iload < s an external current being sunk into the Vee pin. 

Note 1: Absolute maximum ratings are those values beyond which the life Note 5: These specifications apply to the 24-pin package only, 
of a device may be impaired. 

Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to ground unless otherwise 
specified. 
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LTC1323CS-16 



(16-Pin/24-Pin) 

C1 + (Pin 1/Pin 1): Cl Positive Input. Connect a 0.33pF 
capacitor between C1 + and Cr. 

Cl" (Pin 2/Pin 2): Cl Negative Input. Connect a 0.33pF 
capacitor between C1 + and Cl”. 

CPE N (Nfl/ Pin 3): TTL Level Charge Pump Enable Input. 
With CPEN held low, the charge pump is enabled and the 


LTC1323CS 



chip operates normally. When CPEN is pulled high, the 
charge pump is disabled as well as both drivers, the 
noninverting single-ended receiver, and the differential 
receiver. The inverting single-ended receiver (RXI) is kept 
alive to monitor the control line and Iqc drops to 65pA. 
To turn off the receiver and drop Ice to 0.5jxA, pull the 
S/D pin high. 
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TXD (Pin 3/Pin 4): Differential Driver input (TTL compat- 
ible). 

TXI (NA/Pin 5): Single-Ended Driver Input ( TTL compat- 
ible). 

TXDEN (Pin 4/Pin 6): Differential Driver Output Enable 
(TTL compatible). A high level on this pin forces the 
differential driver into three-state; a low level enables the 
driver. This input does not affect the single-ended driver. 

S/D (Pin 5/Pin 7): Shutdown Input (TTL compatible). 
When this pin is high, the chip is shut down. Ail driver and 
receiver outputs are three-state, the charge pump turns 
off, and the supply current drops to 0.5pA. A low level on 
this pin allows normal operation. 

RXEN (Pin 6/Pin 8): Receiver Enable (TTL compatible). 
A high level on this pin disables the receivers and three- 
states the logic outputs; a low level allows normal 
operation. 

RXO (NA/Pin 9): Inverting Single-Ended Receiver Output. 
Remains active in the receiver keep-alive mode. 

RXO (NA/Pin 10): Noninverting Single-Ended Receiver 
Output. 

RXDO (Pin 7/Pin 11): Differential Receiver Output. 

GND (Pin 8/Pin 12): Signal Ground. Connect to PGND 
with 24-pin package. 

PGND (NA/Pin 13): Power ground is connected internally 
to the charge pump and differential driver. Connect to the 
GND pin. 


RXD + (Pin 9/Pin 14): Differential Receiver Noninverting 
Input. When this pin is >200mV above RXD~, RXDO will 
be high; when this pin is >200mV below RXD", RXDO will 
be low. 

RXD" (Pin 10/Pin 15): Differential Receiver Inverting 
Input. 

RXI (NA/Pin 16): Noninverting Receiver Input. This input 
controls the RXO output. 

RXi (NA/Pin 17): Inverting Receiver Input. This input 
c ontro ls the RXO output. In receiver keep-alive mode 
(CPEN high, S/D low), this receivercan be used to monitor 
a wake-up control signal. 

TXO (NA/Pin 18): Single-Ended Driver Output. 

TXD + (Pin 11/Pin 19): Differential Driver Noninverting 
Output. 

TXD" (Pin 12/Pin 20): Differential Driver Inverting Output. 

V EE (Pin 13/Pin 21): The Negative Supply Charge Pump 
Output. Requires a IpF bypass capacitor to ground. If an 
external load is connected to the V EE pin, the bypass 
capacitor value should be increased to 4.7pF. 

C2" (Pin 14/Pin 22): C2 Negative Input. Connect a 0.33gF 
capacitor between C2 + and C2“. 

C2 + (Pin 1 5/Pin 23): C2 Positive Input. Connect a 0.33pF 
capacitor between C2 + and C2~. 

V cc (Pin 16/Pin 24): The Positive Supply Input. 4.5V<Vcc 
< 5.5 V. Requires a IpF bypass capacitor to ground. 
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Figure 1 




13 


rr wm 

TECHNOLOGY 


13-89 







LTC1323 


T€ST CIRCUITS 


Vcc 

i 

SI 


V 

500Q Y 

T i 

LTC1323-F0 

Figure 4 



x 

X 




Figure 5 



SUIITCHIRG UIRVCFORfnS 


TXD + , TXD” 


0V- 
5V - 

VOL- 


V 0 H - 

TXD“, TXD + 

OV ■ 


0V- 

VoH * 
TXD" 
Vql- 
V 0 H - 
TXD + 

VoL - 



Figure 7. Differential Driver 
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Figure 8. Differential Driver Enable and Disable 
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Figure 9. Differential Driver With Single-Ended Load 
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Figure 10. Single-Ended Driver 
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Figure 11. Differential Receiver 



LTC1323 

Figure 12. Single-Ended Receiver 
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Figure 13. Receiver Enable and Disable 
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Applications mFonmnnon 


Thermal Shutdown Protection 

The LTC1 323 includes a thermal shutdown circuit which 
protects against prolonged shorts at the driver outputs. If 
a driver output is shorted to another output or to the 
power supply, the current will be initially limited to a 
maximum of 250mA. When the die temperature rises 
above 150°C, the thermal shutdown circuit turns off the 
driver outputs. When the die cools to about 130°C, the 
outputs re-enable. If the short still exists, the part will heat 
again and the cycle will repeat. This oscillation occurs at 
about 1 0Hz and prevents the part from being damaged by 
excessive power dissipation. When the short is removed, 
the part will return to normal operation. 

Power Shutdown 

The power shutdown feature of the LTC1323 is de- 
signed for battery-powered systems. When S/D is forced 
high the part enters shutdown mode. In shutdown the 
supply current typically d rops fro m 2.4mA to O.SjuA , the 
charge pump turns off, and the driver and receiver 
outputs are three-stated. 

Supply Bypassing 

The LTC1323 requires that both Vcc and Vee are well 
bypassed to prevent data errors. A 1 pF capacitor from Vcc 
to ground is adequate. A 1 pF capacitor is required from 
Vee to ground and should be increased to 4.7pF if an 
external load is connected to the Vee pin. 


The LTC1 323 Vee Pto will sink up to a maximum of 1 0mA 
while maintaining the pin voltage between -4.5V and 
-5.5V. If an external load is connected, the Vee bypass 
capacitor should be increased to 4.7pF. Both chips 
should have separate Vcc bypass capacitors but can 
share the Vee capacitor. 

Driving AppleTalk or Single-Ended Loads 

The differential driver is able to drive either an AppleTalk 
load or a single-ended load such as a printer. With a 
differential AppleTalk load, TXD + and TXD~ will typically 
swing between 1 ,2V and 3.5V (Figure 1 5a). With a single- 
ended 3k load such asa printer, TXD + orTXD” will meetthe 
EIA562 voltage swing requirement of ±3.7V (Figure 15b). 



Figure 15 


Driving an External Load from Vee 

An external load may be connected between ground and 
the Vee pin as shown in Figure 14. 


V cc=5V 









Vcc 


12 


EXTERNAL 

LTC1323 



CHIP 


13 


GND 


- 

r 

Vee 


4.7jiF -5.5V £ V E e * -4.5V 
l\/EE ^ 10mA 


I jlVEE 


Receiver Keep-Alive Mode (24-Pin Package Only) 

When CPEN is pulled high the charge pump is turned off 
and the outputs of both drivers, the noninverting single- 
ended receiver and the differential receiver are forced into 
three-state. The inverting single-ended receiver (RXI) is 
kept alive with Ice dropping to 65pA and the receiver delay 
time increasing to a maximum of 400ns. The receiver can 
then be used to monitor a wake-up control signal. 


Figure 14 
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Appucnnons inFORmnnon 

EMI Filter 

Most LocalTalk applications use an electromagnetic inter- 
ference (EMI) filter consisting of a resistor-capacitor T 
network between each driver and receiverand the connec- 
tor. Unfortunately, the resistors significantly attenuate the 
driver’s signal applied to the cable. Because the LTC1 323 
uses a single supply driver, the resistor values should be 
reduced to 5i2 to 1 0Q to insure enough voltage swing on 
the cable (Figure 16). In most applications, removing the 
resistors completely does not cause an increase in EMI as 
long as a shielded connector and cable are used. With the 
resistors removed the only DC load becomes the primary 



LTC1323-F16 


Figure 16. EMI Fillers 

of the LocalTalk transformer. This will increase the DC 
standby current when the drivers are active, but does not 
adversely affect the drivers because they can handle a 
direct short circuit indefinitely. For maximum swing and 
EMI immunity, a ferrite bead and capacitorcould be used. 
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01M01ML [RELEASE 

Final Electrical Specifications 

LTC1325 


TECHNOLOGY Microprocessor-Controlled 
Battery Management System 

June 1994 


F€RTUR€S 

■ Fast Charge Nickel Cadmium, Nickel Hydride or 
Lead Acid Batteries under joP Control 

■ Flexible Current Regulation: 

- Programmable 111kHz PWM Current Regulator 
with Built-In PFET Driver 

- PFET Current Gating for Use with External Current 
Regulator or Current Limited Transformer 

■ Discharge Mode 

■ Measures Battery Voltage, Battery Temperature and 
Ambient Temperature with Internal 10-Bit ADC 

■ Battery Voltage, Temperature and Charge Time 
Fault Protection 

■ Built-In Voltage Regulator and Programmable 
Battery Attenuator 

■ Easy to Use 3- or 4-Wire Serial pP Interface 

■ Accurate Gas Gauge Function 

■ Wide Supply Range: Vqd = 4.5V to 1 6V 

■ Can Charge Batteries Greater Than Vqd 

■ Can Charge Batteries from Charging Supplies Greater 
Than V B p 

■ Digital Input Pins Are High Impedance in 
Shutdown Mode 

APPLICATION 

■ System Integrated Battery Charger 


D6SCRIPTIOR 

The LTC1 325 provides the core of aflexible, cost-effective 
solution for a system integrated battery mangement sys- 
tem. The monolithic CMOS chip controls the fast charging 
of nickel cadmium, nickel hydride, or lead acid batteries 
under microprocessor control. The device features a pro- 
grammable 111kHz PWM constant current source con- 
trollerwith built-in FET driver, 10-bit ADC, internal voltage 
regulator, discharge-before-charge controller, program- 
mable battery voltage attenuator, and an easy to use serial 
interface. 

The chip may operate in one of five modes: power shut- 
down, idle, discharge, charge, or gas gauge. In power 
shutdown the supply current drops to 30pAand in the idle 
mode.anADC reading may be made without any switching 
noise affecting the accuracy of the measurement. In the 
discharge mode, the battery is discharged by an external 
transistor while the battery is being monitored by the 
LTC1 325 for fault conditions. The charge mode is termi- 
nated by the pP while monitoring any combination of 
battery voltage and temperature, ambient temperature 
and charge time. The LTC1 325 also monitors the battery 
forfault conditions before and during charging. In the gas 
gauge mode the LTC1325 allows the total charge leaving 
the battery to be calculated. 


TVPICfll RPPUCRTIOn 


NOTE 1 : NEEDED WHEN V DC > 16V OR MAXIMUM 
BATTERY VOLTAG E, V BA t > 1 6 V. 

NOTE 2: REGULATOR. OMIT THIS BLOCK AND SHORT 
V DD TOV oc WHENV oc <16V. 

NOTE 3: LEVEL SHIFTER. OMIT THIS BLOCK AND 
SHORT PGATE TO PI GATE WHEN V DC < 16V. 

NOTE 4: ZENER TO CLAMP V BAT TO BELOW Voo- 
OMIT WHEN Vdc> 16V. 

NOTE 5: EXTERNAL BATTERY DIVIDER. NEEDED WHEN 
MAXIMUM BATTERY VOLTAGE. V BAT > 16V. 
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absolute mnximum nnnnGs 

(Note 1,2) 

V DD to GND -0.3V to 17V 

All Other Pins -0.3V to V DD + 0.3V 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


prckrge/order mfORmnTion 




TOP VIEW 


ORDER PART 





NUMBER 

REG | T 



m v DD 


Dout H 



77] PGATE 


Din Cl 



H] DIS 

LTC1325CN 

cs [T 



HI Vbat 

LTC1325CS 

CLK \V 



13 Tbat 


LTF [e[ 



m TamB 


MCV I T 



SI V, N 


HTF |T 



77] SENSE 


GND QT 



10] FILTER 




S PACKAGE 



18-LEAD PLASTIC SOL 


Tjmax 

150°C, e JA = 100°C/W 



Consult factory for Industrial and Military grade parts. 


ELECTRICAL CHAAACTEAISTICS Vqd = 12V ±5%, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vdd 

Vqd Supply Voltage 


4.5 


16 

V 

Idd 

Vdd Supply Current 

All TTL Inputs = OV or 5 V, No Load on REG 


1200 

2000 

mA 

IpD 

Vdd Supply Current 

Power-Down Mode, All TTL Inputs = OV or 5 V 


30 

50 

mA 

Vreg 

Regulator Output Voltage 

No Load 

3.037 

3.072 

3.107 

V 

LDreg 

Regulator Load Regulation 

Sourcing Only, Ireg = OmA to 2mA 


-1 

-5 

mV/mA 

LIreg 

Regulator Line Regulation 

No Load, V DD = 4.5V to 16V 


-60 

-100 

nv/v 

TCreg 

Regulator Output Tempco 

No Load, 0°C <Ta < 70°C 

! 50 | 

ppm/°C 

VeRR(CHRG) 

PWM Sense Voltage Error 

V DA c = 1 50mV 


±3 


% 



Vdac = 1 50mV 


±4 


mV 



Vdac - 50mV 


±3 


mV 



VoAC = 30mV or15mV 


±2 


mV 

Vhyst 

Fault Comparator Hysterisis 

Vhtf = IV, V ED v=0.9V, BATR 


±20 


mV 



Vmcv = Vltf=2V 


±10 


mV 

Vos 

Fault Comparator Offset 

Vhtf = IV, V ED v = 0.9V, BATR 


±50 


mV 



Vmcv = Vltf = 2V 





Vbatr 

Vrat for BATR = 1 


100 

mV 

Vbatp 

Vbat for BATP = 1 


V DD -1.8 

V 

Vedv 

Internal EDV Voltage 


860 

900 

940 

mV 

Vltf. Vltf 

LTF, MCV Voltage Range 


1.6 


2.8 

V 

Vhtf 

HTF Voltage Range 


0.5 


1.3 

V 

A(gg) 

Gas Gauge Gain 

-0.4V < Vsense < 0V 

-4 


VoS(GG) 

Gas Gauge Offset 

-0.4V < Vsense < 0V (Note 6) 

±1 

LSB 

Rf 

Internal Filter Resistor 


1000 

Q. 

TOLratd 

Battery Divider Tolerance 

All Division Ratios 

±2 

% 

Vil 

Input Low Voltage 

CLK, CS, Dim 

0.8 

1.3 


V 

V| H 

Input High Voltage 

CLK, CS, Din 


1.7 

2.4 

V 

IlL 

Low Level Input Current 

VcLK> Vcs or Vdin = 0V 

-2.5 


2.5 

mA 

IlH 

High Level Input Current 

Vclk. Vcs or Vdin = 5V 

-2.5 


2.5 

mA 
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LTC1325 


ELECTRICAL CHARACTERISTICS Vdd ■ 12V ±5%, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

VOL 

Output Low Voltage 

Dout. Iout = 1 -6mA 

0.4 

V 

VOH 

Output High Voltage 

Dout. Iout = -1 -6mA 

2.4 

V 

>0Z 

Hi-Z Output Leakage 

Vcs = 5V 

±10 

mA 

V 0HFET 

DIS or PGATE Output High 

Vqd = 4.5V to 16V 

V DD -0.05 

V 

VOLFET 

DIS or PGATE Output Low 

Vdd = 4.5V to 16V 

0.05 

V 

tdDO 

Delay Time, CLK! to Dout Valid 

See Test Circuits 

600 

ns 

tdis 

Delay Time, CST to Dout Hi-Z 

See Test Circuits 

450 

ns 

ten 

Delay Time, CLK! to Dout Enabled 

See Test Circuits 

400 

ns 

thDO 

Time Dout Remains Valid After CLK! 

See Test Circuits 

30 

ns 

trDOUT 

Dout Rise Time 

See Test Circuits 

250 

ns 

tfDOUT 

Dout Fall Time 

See Test Circuits 

100 

ns 

fcLK 

Serial I/O Clock Frequency 

CLK Pin 

25 500 

kHz 

trPGATE 

PGATE Rise Time 

Cload = 1 500pF 

120 

ns 

tfPGATE 

PGATE Fall Time 

Cload = 1500pF 

120 

ns 

tosc 

Internal Oscillator Frequency 

Charge Mode, Fail-Safes Disabled 

95 112 130 

kHz 


A/D Converter 



Offset Error 

% Channel (Note 3) 

±2 

LSB 


Linearity Error 

Vin Channel (Notes 3, 4) 

±0.5 

LSB 


Full-Scale Error 

Vin Channel (Note 3) 

±1 

LSB 


On-Channel Leakage 

% Channel ON Only (Notes 3, 5) 

±10 

mA 


Off-Channel Leakage 

Vin Channel OFF (Notes 3, 5) 

±10 

pA 


R€COmm€nD€D CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

thDI 

Hold Time, Dim After CLKT 


150 

ns 

tdsuCS 

Setup Time, CS Before First CLKT 


1 

ps 

tdsuDI 

Setup Time, Din Stable Before First CLKT 


400 

ns 

tWHCLK 

CLK High Time 


0.8 

ps 

tWLCLK 

CLK Low Time 


1 

ps 

tWHCS 

CS High Time Between Data Transfers 


1 

ps 

tWLCS 

CS Low Time During Data Transefer 

MSBF = 1 

43 

CLK Cycles 



MSBF = 0 

52 

CLK Cycles 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to the GND pin. 

Note 3: Vreg = 3.072mV ±20mV, CLK = 500kHz, unless otherwise stated. 


Note 4: Linearity error is specified between the actual end points of the 
A/D transfer curve. 

Note 5: Channel leakage is measured after channel selection. 

Note 6: Gas gauge offset excludes A/D offset error. 
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pm Funcnons 

REG (Pin 1): Internal Regulator Output. The regulator 
provides a steady 3.072V to the internal analog circuitry 
and provides a temperature stable reference voltage for 
generating MCV, HTF, LTF and thermistor bias voltages 
with external resistors. Requires a 4.7pF or g reater bypass 
capacitor to ground. 

Dqut (Pin 2): TTL Data Output Signal for the Serial 
Interface. Dout and Dim may be tied together to form a 
3-wire interface, or remain separated to form a 4-wire 
interface. Data is transmitted on the falling edge of CLK 
(pin 5). 

Dm (Pin 3): TTL Data Input Signal forthe Serial Interface. 
The data is latched into the chip on the rising edge of the 
CLK (pin 5). 

CS (Pin 4): TTL Chip Select Signal forthe Serial Interface. 
CLK (Pin 5): TTL Clock for the Serial Interface. 

LTF (Pin 6): Minimum Allowable Battery Temperature 
Analog Input. LTF may be generated by a resistive divider 
between REG (pin 1) and ground. 

MCV (Pin 7): Maximum Allowable Cell Voltage Analog 
Input. MCV may be generated by a resistive divider be- 
tween REG (pin 1) and ground. 

HTF (Pin 8): Maximum Allowable Battery Temperature 
Analog Input. HTF may be generated by a resistive divider 
between REG (pin 1) and ground. 

GND (Pin 9): Ground 

FILTER (Pin 10): The external filter capacitor Cp is con- 
nected to this pin. The filter capacitor is connected to the 
output of the internal resistive divideracross the battery to 
reduce the switching noise while charging. In the gas 
gauge mode, Cp along with an internal Rp = Ik form a 
lowpass filter to average the voltage across the sense 
resistor. 


SENSE (Pin 11): The Sense pin controls the switching of 
the 1 1 1 kHz PWM constant current source in the charging 
mode. The Sense pin is connected to an external sense 
resistor Rsense and the negative side of the battery. The 
charging loop forces the average voltage at the Sense pin 
to equal a programmable internal reference voltage Vdac- 
The battery charging current is equal to Vdac/ r sense- 

In the gas gauge mode the voltage across the Sense pin is 
filtered by an RC network (Rp and Cp), amplified by an 
inverting gain of 4, then multiplexed to the ADC so the 
average discharge current through the battery may be 
measured, and the total charge leaving the battery calcu- 
lated. 

V|u (Pin 12): General Purpose ADC Input. 

Tamb (Pin 13): Ambient Temperature Input. Connect to an 
external thermistor network. Tie to REG if not used. May 
be used as another general purpose ADC input. 

Tbat (Pin 14): Battery Temperature Input. Connect to an 
external NTC thermistor network. Tie to REG if not used. 

Vbat (Pin 15): Battery Input. An internal voltage divider is 
connected between the Vbat and Sense pins to normalize 
all battery measurements to one cell voltage. The divider 
is programmable to the following ratios: 1/1, 1/2, 1/3 .. . 
1 /1 5, 1/1 6. In sh utdown and gas gauge modes the divider 
is disconnected. 

DIS (Pin 16): Active High Discharge Control Pin. Used to 
turn on an external transistor which discharges the bat- 
tery. 

PGATE (Pin 17): FET Driver Output. Swings from GND to 
Vdd- 

Vqb (Pin 18): Positive Supply Voltage. 4.5V < Vdd < 16V. 
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BLOCK DlflGRflm 



REG 

DIS 

LTF 

HTF 

MCV 


V| N 

Tamb 

Tbat 

Vbat 


SENSE 

FILTER 

PGATE 


T€ST CIRCUITS 


Load Circuit for tdDO* tr and tf 

1.4V 

:3k 


n !• 


lOOpF 


“ LTC1325 • TC01 


Load Circuit for tdis and t en 


Dqut 



5V tdis WAVEFORM 2, ^ 
tdis WAVEFORM 1 
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T€ST CIRCUITS 

Voltage Waveforms for Dqut Delay Time, tdDO 



On and Off Channel Leakage 

3.072V 



LTC1325 • TC05 


Voltage Waveforms for Dqut Rise and Fall Times, t r , tf 



LTC1325 • TC04 


Voltage Waveforms for tdj S 



(SEE NOTE 2) 

NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNA.L CONDITIONS 
SUCH THAT THE OUTPUT IS HIGH UNLESS DISABLED BY CS. 

NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS 
SUCH THAT THE OUTPUT IS LOW UNLESS DISABLED BY CS. ra-icos 
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TimmG DiAGRnm 


MSB FIRST DATA (HISBF = 1 ) 

«~i lzztl 


cLKnjmrinjimiRnjmriJirmjiJiminiiriiuinjmnjuii^ 

START MSBF VR1 

Klin n I .-'T*.. ■■ -- I 

H| . 2 NULL _ BATP _FS 

d out 


-COMMAND WORD- 


MSB FIRST DATA (MSBF = 0) 

lihui 


clk ijuuuijijirinriJLJinjTJLJTmiiiruiruinjmn.AJ^ 

START VR1 

Din HJ - ! I I ~~1 


Dout 


Hl-Z 


-COMMAND WORD- 


NULL^ BATP ^ i ^ |FS| H|Z 

U ADC DATA — *4* STATUS WORD ►! LTC1325 • TD 


funcTionni dcscmptiod 

GENERAL DESCRIPTION 

During normal operation, a command word is shitted into 
the chip via the serial interface, then an ADC measurement 
is made and the 10-bit reading and chip status word are 
shifted out. The command word configures the LTC1325 
and forces it into one of five modes: powershutdown.idle, 
discharge, charge or gas gauge mode. 

In the power shutdown mode, the analog section is tu rned 
off and the supply current drops to 30pA. The voltage 
regulator, which provides power to the internal analog 
circuitry and external bias networks, is shut down. The 
voltage divideracross the battery is disconnected and only 
the voltage regulatorforthe serial interface logic is left on. 

During the idle mode, the chip is fully powered but the 
discharge, charge, and gas gauge circuits are off. The chip 
may be placed in the idle mode momentarily while charg- 
ing the battery, allowing an ADC measurement to be made 
without any switching noisefrom the PWM current source 
affecting the accuracy of the reading. The mode command 
bits are picked off as they appear at Din, allowing the 
charging loop to turn off and settle while the remainder of 
the command word is being shifted in. 


During the discharge mode, the battery is discharged by 
an external transistor and series resistor. The battery is 
monitored for fault conditions. 

In the charge mode, the pP monitors the battery’s voltage, 
temperature, and ambienttemperature via the 10-bit ADC. 
Termination methods such as -AVbat, AVgAi/ATime, 
ATbat, ATBAi/ATime, A(Tbat- Ta), maximum tempera- 
ture, maximum voltage and maximum charge time may be 
accurately implemented in software. The LTC1325 also 
monitors the battery for fault conditions. 

In the gas gauge mode, the average voltage across the 
sense resistor can be measured to determine the average 
battery load current. The sense voltage isfiltered by an RC 
circuit, multiplied by an inverting gain of four, then con- 
verted by the ADC. The pP can then accumulate the ADC 
measurements and do a time average to determine the 
total charge leaving the battery. The RC circuit consists of 
an internal 1 k resistor Rp and an external capacitor Cp 
connected to the Filter pin. 
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FuncTionm dcscmptioo 


COMMAND WORD 

The command word is 22 bits long and contains all the 
information needed to configure and control the chip. On 
power-up all bits are cleared to logical “0.” 


1 

2 

3 

4 

5 

6 

7 

8 

START 

MODO 

MODI 

SGL/ 

DIFF 

MSBF 

D80 

D81 

D82 

9 

10 

11 

12 

13 

14 

15 

16 

DIVO 

DIV1 

DIV2 

DIV3 

PS 

DRO 

DR1 

DR2 

17 

18 

19 

20 

21 

22 



FSCLR 

TOO 

T01 

T02 

VRO 

VR1 

LTC1325-F01 


Figure 1. Command Word 


Bit 1: Start Bit (Start) 

The first “logical one” clocked into the input after CS 
goes low is the start bit. The start bit initiates the data 
transfer and all leading zeros which precede this logical 
one will be ignored. After the start bit is received, the 
remaining bits of the command word will be clocked in. 


START 

DESCRIPTION 

0 

Wait 

1 

Start Reading Bits 


Bits 2 and 3: Mode Select (MODO and MODI) 

The two mode bits determine which of fourmodesthechip 
will be in: idle, discharge, charge, or gas gauge. 


MODI 

MODO 

DESCRIPTION 

0 

0 

Idle 

0 

1 

Discharge 

1 

0 

Charge 

1 

1 

Gas Gauge 


Bit 4: Single-Ended Differential Conversion (SGL/DIFF) 

SGL/DIFF determines whether the ADC makes a single- 
ended measurement with respect to ground ora differen- 
tial measurement with respect to the Sense pin. 


SGL/DIFF 

DESCRIPTION 

0 

Single-Ended ADC Conversion 

1 

Differential ADC Conversion (with respect to Sense) 


Bit 5: MSB-First/LSB-First (MSBF) 

The ADC data is programmed for MSB-first or LSB-first 
sequence using the MSBF bit. See Serial I/O description 


for details. 

MSBF 

DESCRIPTION 

0 

LSB-First Data Follows MSB-First Data 

1 

MSB-First Data Only 


Bits 6 to 8: ADC Data Input Select (DSO to DS2) 

DSO, DS1 and DS2 select which circuit is connected to the 
ADC input. Do not use unlisted combinations. 


DS2 

DS1 

DSO 

DESCRIPTION 

0 

0 

0 

Gas Gauge Output 

0 

0 

1 

Tbat Pin 

0 

1 

0 

Tamb Pin 

0 

1 

1 

Battery Cell Voltage, Vqell 

1 

0 

0 

Vin Pi" 


Bits 9 to 12: Battery Divider Ratio Select (DIVO to DIV3) 

DIV3, DIV2, DIV1 and DIVO select the division ratio forthe 
voltage divider across the battery. 


DIV3 

DIVO 

DIV1 

DIVO 

DESCRIPTION 

0 

o 

0 

0 

( V BAT“VsENSE)/1 

0 

0 

0 

1 

(Vbat~Vsense)/2 

0 

0 

1 

0 

(Vbat-Vsense)/3 

0 

0 

1 

1 

(Vbat-Vsense)/4 

0 

1 

0 

0 

(Vbat-Vsense)/5 

0 

1 

0 

1 

(Vbat-Vsense)/6 

0 

1 

1 

0 

(VbaT“VsENSE)/7 

0 

1 

1 

1 

(Vbat-Vsense)/8 

1 

0 

0 

0 

(Vbat-Vsense)/9 

1 

0 

0 

1 

(Vbat-Vsense)/10 

1 

0 

1 

0 

(VbAT - VsENSE)/1 1 

1 

0 

1 

1 

(Vbat-V S ense)/12 

1 

1 

0 

0 

(Vbat - Vsense)/13 

1 

1 

0 

1 

(Vbat-Vsense)/14 

1 

1 

1 

0 

(Vbat-Vsense)/15 

1 

1 

1 

1 

(Vbat-Vsense)/16 


XTTJffi® 
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FuncTionni dcscriptioo 

Bit 13: Power Shutdown (PS) 

PS selects between the normal operating mode, or the 
shutdown mode. 


PS 

DESCRIPTION 

0 

Normal Operation 

1 

Shutdown All Circuits Except Digital Inputs 


Bits 14 to 16: Duty Ratio Select (DRO to DR2) 

DR2, DR1 and DRO select the duty cycle of the charging 
loop. The last three selections place the chip into a test 
mode and should not be used. 


DR2 

DR1 

DRO 

DESCRIPTION 

0 

0 

0 

1/16 

0 

0 

1 

1/8 

0 

1 

0 

1/4 

0 

1 

1 

1/2 

1 

0 

0 

1 

1 

0 

1 

Test Mode 1 

1 

1 

0 

Test Mode 2 

1 

1 

1 

Test Mode 3 


Bit 17: Fail-Safe Latch Clear (FSCLR) 

When FSCLR bit is set to one, the internal fail-safe timer is 
reset to 0, and the fail-safe latches are reset. FSCLR is 
automatically reset to 0 when CS goes high. 


FSCLR 

DESCRIPTION 

0 

No Action 

1 

Reset Fail-Safe Timer and Latches 


Bits 18 to 20: Time-Out Period Select (TOO to T02) 

T02, T01 and TOO select the desired fail-safe time-out 
period. On power-up, the default time-out is 5 minutes. 


T02 

T01 

TOO 

TIME-OUT (MINUTES) 

0 

0 

0 

5 

0 

0 

1 

10 

0 

1 

0 

20 

0 

1 

1 

40 

1 

0 

0 

80 

1 

0 

1 

160 

1 

1 

0 

320 

1 

1 

1 

Indefinite (No Time-Out) 


Bits 21 and 22: Charging Loop Reference Voltage 
Select (VROand VR1) 

VR1 and VRO select the desired reference voltage Vchrg 
for the charging loop. The charging loop will force the 
average voltage at the Sense pin to be equal to Vdac- The 
average charging current is Vqac/RsensE' 


VR1 

VRO 

Vdac (mV) 

0 

0 

15 

0 

1 

30 

1 

0 

50 

1 

1 

150 


STATUS WORD 

The status word is 8 bits long and contains the status of the 
internal fail-safe circuits. 


1 2 3 4 5 6 7 8 


BATP 

BATR 

FMCV 

FEDV 

FHTF 

FLTF 

Tout 

FS 


Figure 2. Status Word 
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Bit 1: Battery Present (BATP) 

The BATP bit indicates the presence of a battery. The bit is 
set to 1 when the voltage at the Vbat pin falls 1.6V below 


Vdd- 

BATP 

CONDITIONS 

0 

(V D d - 1.8) < V B at < Vdd 

1 

Vbat < (Vdd -I- 8 ) 


Bit 2: Battery Reversed (BATR) or Shorted 

The BATR bit indicates when the battery is connected 
backwards or shorted. The bit is set when the battery cell 
voltage at the output of the battery divider Vcell is below 
lOOmV. 


BATR 

CONDITIONS 

0 

Vcell > lOOmV 

1 

Vcell < lOOmV 


Bit 3: Maximum Cell Voltage (FMCV) 

The MCV bit indicates when the battery cell voltage has 
exceeded the preset limit. The bit is set when Vcell is 
greater than the voltage at the MCV pin. 


FMCV 

CONDITIONS 

0 

Vcell <V(MCV) 

1 

Vcell >V(MCV) 


Bit 4: End Discharge Voltage (FEDV) 

The EDV bit indicates when the battery cell voltage has 
dropped below an internally preset limit. The bit is set 
when the battery cell voltage at the output of the voltage 
divider V C ell is less than 900mV. 


FEDV 

CONDITIONS 

0 

Vcell > 900mV 

1 

Vcell < 900mV 


Bit 5: High Temperature Fault (FHTF) 

The HTF bit indicates when the battery temperature is too 
high. Using a negative TC thermistor, the bit is set when 
the voltage at the Tbat pin is less than the voltage at the 
HTF pin. 


FHTF 

CONDITIONS 

0 

Tbat>V(HTF) 

1 

Tbat<V(HTF) 


Bit 6: Low Temperature Fault (FLTF) 

The LTF bit indicates when the battery temperature is too 


low. Using a negative TC thermistor, the bit is set when the 
voltage at the TBAT pin is greater than the voltage at the 

LTF pin 


FLTF 

CONDITIONS 

0 

Tbat < V(LTF) 

1 

Tbat > V(LTF) 


Bit 7: Time-Out (Tout) 

The Tout bit indicates that the battery charging time has 
exceeded the preset limit. The bit is set when the internal 
timer exceeds the limit set by the command bits TOO, TOI 


and T02. 

Tout 

CONDITIONS 

0 

No Time-Out Has Occurred 

1 

Time-Out Has Occurred 


Bit 8: Fail-Safe Occurred (FS) 

The FS bit indicates that one of the fault detection circuits 
halted the discharging or charging cycle. The bit is set 
when an EDV, LTF, HTF, or Tout fault occurs during 
discharge. During charging, the bit is set when a MCV, 
LTF, HTF, or Tout fault occurs. The bit is reset by the 
command word bit FSCLR. 


FS 

CONDITIONS 

0 

No Fail-Safe Has Occurred 

1 

Fail-Safe Has Occurred 
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DETAILED DESCRIPTION 
Fault Conditions 

The LTC1325 monitors the battery for fault conditions 
before and during discharge and charge (See Figure 3). 
They include: battery removed/present (BATP), battery 
reversed/shorted (BATR), maximum cell voltage exceeded 
(MCV), minimum cell voltage exceeded (EDV), high tem- 
perature limit exceeded (HTF), low temperature limit ex- 
ceeded (LTF), and time limit exceeded (Tout) - When a fault 
condition occurs, the discharge and charge loops are 
disabled or prevented from turning on and the fail-safe bit 
(FS) is set. The chip is reset by shifting in a new command 
word with the fail-safe clear FSCLR bit set. The 8-bit status 
word contains the state of each fault condition. 


Vdd 



Power Shutdown Mode 

Command: MODI =X, MODO = X, PS = 1 

Status: BATP = X, BATR = X, FMCV = X, FEDV = X, 

FHTF = X, FLTF = X,T 0U t = X 

In the power shutdown mode, the analog section is turned 
off and the supply current drops to 30pA. The voltage 
regulator, which provides power to the internal analog 
circuitry and external bias networks, is shut down. The 
voltage divider across the battery is disconnected and the 
only circuit left on is the voltage regulator for the serial 
interface logic. 

Idle Mode 

Command: MODI =0, M0D0 = 0, PS = 0 

Status: BATP = X, BATR = X, FMCV = X, FEDV = X, 

FHTF = X, FLTF = X,T 0U t = X 

The chip enters the idle mode when the proper mode 
command bits are set and the power shutdown command 
bit is cleared. During the idle mode, the chip is fully 
powered, but the discharge, charge, and gas gauge cir- 
cuits are off. The chip may be placed in the idle mode 
momentarily while charging the battery, allowing an ADC 
measurement to be made without any switching noise 
fromthePWM current source affecting the accuracy of the 
reading. The mode command bits are picked off as they 
appear at Dim, so that while the rest of the command word 
is being shifted in, the charging loop has time to settle 
before an ADC measurement is made. 


Figure 3. Fail-Safe or Fault Detection circuitry 
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Discharge Mode 

Command: MODI = 0, M0D0 = 1 , PS = 0 

Status: BATP = 1 , BATR = 0, FMCV = X, FEDV = 0, 

FHTF = 0, FLTF = 0, TOUT = 0 

The chip enters the discharge mode when the proper 
mode command bits are set and the power shutdown 
command bit is clear. If a fault condition does not exist, 
then the DIS pin is pulled up to V D d by the internal driver. 
The DIS voltage is used to turn on an external transistor 
which discharges the battery through an external series 
resistor Rqis- 

Discharging will continue until a new command word is 
input to change the mode or a fault condition occurs. 

Charge Mode 

Command: MODI =1, MOD0 = 0, PS = 0 

Status: BATP = 1 , BATR = 0, FMCV = 0, FEDV = X, 

FHTF = 0, FLTF = 0, TOUT = 0 


The chip enters the charge mode when the proper mode 
command bitsare set and the power shutdown command 
bit is clear. If a fault condition does not existthen charging 
can begin. Charging will continue until a new command 
word is input to change the mode or a fault condition 
occurs. 

The charge current may be regulated by a programmable 
1 11kHz PWM buck current regulator, or by using the PFET 
to gate an external current regulator or current limited 
transformer. 

111kHz PWM Controller 

The block diagram of the charging loop connected as a 
PWM buck current regulator is shown in Figure 4. The 
PWM may operate in either continuous or discontinuous 
mode. The loop forces the average voltage across the 
sense resistorto be eq ual to the voltage at the output of the 
DAC, so that the charging current becomes Vqac/Rsense- 



Figure 4. Charging Loop Block Diagram 
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With switch S2 on and the others off, amplifier A1 along 
with Cl, R1 and R2 are configured as an integrator with 
16kHz bandwidth. The output of the integrator is the 
average difference between the voltage across the sense 
resistor and the DAC output voltage. 

The rising edge of the oscillator waveform triggers the one 
shot which sets the flip-flop output high. This turns on the 
external PFET PI by pulling its gate low via the FET driver. 
With PI on, the current through the inductor LI starts to 
rise as does the voltage across the sense resistor. When 
the voltage across the sense resistor is greater than the 
output of the integrator, comparator A2 changes state. 
This resets the flip-flop and PI is turned off. Catch diode 
D1 clamps the drain of PI one diode drop below ground 
when the inductor flies back and the current through the 
inductor starts to drop. The voltage across the sense 
resistoralso drops and may reach zero and stay there until 
the next clock cycle begins. 

The average charging current is set by the output of the 
DAC (Vqac) and the duty cycle generator. Vdac can be 
programmed to 150mV, 50mV, 30mV or 15mV. The duty 
cycle can be set to 1/16, 1/8, 1/4, 1/2 or 1 . When the duty 
cycle is 1, the duty cycle generator output is always low 
and the charge loop operates continuously (see Figure 4). 
At other duty cycle settings, the duty generator output is 
a square wave with a period of 42 seconds. The time for 
which the generatoroutput is low varies with the duty cycle 
setting. For example, if a duty cycle of 1/2 is programmed, 
the generatoroutput is low only for 1 /2 x42 or 21 seconds. 
Since the loop operates for only 21 out of every 42 
seconds, the average charging current is halved. In gen- 
eral, the average charging current is: 

Ichrg = Vdac x (Duty Cycle)/RsENSE 

Gated PFET Controller 

When using an external current regulator or current lim- 
ited wall pack, simply remove the inductor LI and catch 
diode D1 . Set the DAC output voltage to 1 50mV and select 
the desired duty ratio. By insuring that the voltage at the 
Sense pin is never greater than 1 50mV, the output of the 


integratorAI will saturate high, andthecomparator A2 will 
never trip and turn the loop off. This can be achieved by 
removing the sense resistor and grounding the Sense pin 
or if the gas gauge is to be used, selecting Rsense so that 

RSENSE/ICHRG<150mV. 

Gas Gauge Mode 

Command: MODI = 1 , MODO = 1 , PS = 0 

Status: BATP = X, BATR = X, FMCV = X, FEDV = X, 

FHTF = X, FLTF = X,T 0U t = X 

In the gas gauge mode, the average voltage across the 
sense resistor can be measured to determine the average 
battery load current. The output of the DAC is setto ground 
and switches SI, S3 and S4 are closed. A1 is configured 
as an inverting amplifier with R1 and R2 setting the gain to 
-4. The voltage across the sense resistor is filtered by an 
RC circuit (Rp, Cf) amplified by Al, then converted by the 
ADC. 

The microprocessor can then accumulate the ADC mea- 
surements and do a time average to determine the total 
charge leaving the battery. The Sense pin voltage should 
not be more negative than -450mV to ensure linearity. 

The RpCp circuit consists of an internal 1 k resistorand an 
external capacitor connected to the Filter pin. RpCp should 
be longer than the measurement interval. With the serial 
clock running at 100kHz, it take 380ns to shift in the 
command word and shift out the ADC measurement and 
status word. 

Trickle Resistor 

An external trickle resistor has several functions. First, it 
provides a continuous trickle charge current for topping 
off the battery and countering the effects of self-discharge. 
Second, it can be used to condition a deeply discharged 
batteryfor charging. The LTC1 325 will not chargea battery 
unless its cell voltage is above 1 0OmV (BATR). Finally, the 
resistor is required by the battery detect circuit to pull the 
Vbat pin high when the battery is removed. 
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SERIAL INTERFACE 

The LTC1325 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
4-wire serial interface. The clock CLK synchronizes the 
data transfer with each bit being transmitted on the falling 
edge and captured on the rising CLK edge in both transmit- 
ting and receiving systems. The LTC1325 first receives 
input data and then transmits back the A/D conversion 
result and status word (half duplex). Because of the half 
duplex operation, Din and Dout may be tied together 
allowing transmission over just three wires: CS, CLK and 
DATA (D|n/Dout). 

Data transfer if initiated by a falling chip select CS signal. 
After CS falls, the LTC1 325 looks for a start bit on Dim. The 
start bjtjs the first “logical one” clocked into the Dim input 
after CS goes low. The LTC1325 will ignore all leading 
zeros which precede this logical one. After the start bit is 
received, a 22-bit input word is shifted into the input 
which configures the LTC1325 and starts a conversion. 
After one null bit, the result of the conversion is output on 
the Dout PiQipHowed by 8 status bits. Atthe end of the data 
exchange, CS should be brought high. 

MSB-First/LSB-First (MSBF Control Bit) 

The output data of the LTC1325 is programmed for MSB- 
first or LSB-first sequence using the MSFB control bit. 
When MSBF = 1, data will appear on Dout in MSB-first 
format. This is followed by the 8 status bits. Logical zeros 
will be filled in indefinitely following the last data bit to 
accommodate longer word lengths required by some 
microprocessors. When MSBF = 0, LSB-first data will 
followthe MSB-first data. Regardless of the state of MSBF, 
the status bitsare always shifted out in the same order (see 
Figure 2). 


Accommodating Microprocessors with Different Word 
Lengths 

The LTC1325 will fill zeros indefinitely after the transmit- 
ted data until CS is brought high. At that time Dout is 
disabled (three-stated). This makes foreasy interfacing to 
MPU serial ports with differenttransfer increments includ- 
ing 4 bits (e.g., COP400) and 8 bits (e.g., SPI and 
MICROWIRE/PLUS). Any word length can be accommo- 
dated by the correct positioning of the start bit in the input 
word. 

Operation with Din and Dout Tied Together 

The LTC1325 can be operated with Dim and Dout tied 
together. This eliminates one of the lines required to 
communicate with the microprocessor. Data is transmit- 
ted in both directions on a single wire. The processor pin 
connected to this data line should be configurable as either 
an input or an output. The LTC1 325 will take control of the 
dataline and drive it low after the 23rd falling CLK edge 
afterthe start bit is received. Therefore the processor port 
must be switched to an input before this happens to avoid 
a conflict. 

Power-Up After Shutdown 

When a control word with the PS bit set to one is written 
to the LTC1 325, it enters shutdown mode in which the Vdd 
supply current is reduced to 30pA. In this mode the on- 
chip 3V regulator and all circuits powered off it are^shut 
down. The only circuits that remain alive are Dim, CS and 
CLK input buffers. To take the LTC1325 out from shut; 
down mode, a high to low edge must be applied to the CS 
pin. Either D^ or CLK must be low when CS is low to 
prevent a false control word from being transmitted to the 
LTC1325. The 3 V output decays with a time constant of 
300ms with Creg = 4.7pF. The microprocessor should 
wait three seconds before applying a wake-up edge to the 
CS pin to ensure proper power-up. 


/TLineAB 

TECHNOLOGY 


13-107 





LTC1325 


flppucnnons mfonmnnon 

TEMPERATURE SENSING 


NTC (Negative Temperature Coefficient) Thermistors 

The simplest method to sense temperature (battery or 
ambient) with an NTC thermistor is to use a voltage divider 
powered by the REG pin. This divider consists of a load 
resistor R L in series with a thermistor Rj as shown in 
Figure 3. For a given thermistor, there is a value of Rl 
which makes Vqiv (T) linear over a narrow but adequate 
temperature range. The easiest method (Inflection Point 
Method) to calculate Rl is to set the second temperature 
derivative ofthedivideroutputtoO. The equations relevant 
to this method are: 


Vpiv(T) 

V REG 


1 

(hK) 


= f(T) 


( 1 ) 


jW_ 

r to 



px 


h 


ToJ 


( 2 ) 


Rl = Rto x 


P-2T 0 

p+2T 0 


p= 


Tx 


To 

T 0 -T 


xln 


Ar i_ 

v r to 


a = 


— x^I 
R t dT 


( 3 ) 

( 4 ) 

( 5 ) 



^ = V DIV (T 0 )x 


~P , 1 
V 2T 0 2 \ 


( 6 ) 

( 7 ) 


where, 

Vqiv (T) is the output of the divider, 

Vr E g is the voltage at the REG pin (3.072V nominal), 

Rj is the thermistor resistance at some temperature T, 

Rto is the thermistor resistance at some reference 
temperature To, 

p is a constant dependent on thermistor material, 

a is the temperature coefficient (in %/°C) of Rj at 
To, and 

all temperatures are in °K (i.e., T°C + 273) 

There are two assumptions in the derivation of the above 
equations, p is assumed to be constant and the tempera- 
ture coefficient of Rl is small compared to that of the 
thermistor. 

Most thermistordata sheets specify Rjo, P, Rt/ r to ratios 
for two temperatures, a, and tolerances for p and Rjo- 
Given p, and Rto, it is easy to calculate Rl from equation 
(3). Alternatively, p may be calculated from the Rt/Rto 
ratio using equation (4) or from a, using equation (6). 

As a numerical example, consider the Panasonic 
ERT-D2FHL1 03Sthermistorwhich has thefollowing char- 
acteristics: 

1. R T (25°C) = R T o = 10k 

2. a = -4.6%/°C at T 0 = 25°C 

3. Ratio R25/R50 = 2.9 

Using equation (4), and R25/R50 = 2.9, p = (323 x 298) x 
In (2.9)/(298— 323) =4099K. Alternatively, using equation 
(6) and a = -4.6%/°C, p = -(-0.046) x (298) 2 = 4085K. 

Both values of p are close to each other. Substituting 
P = 4085K into equation (3) gives Rl = 10k x [4085 - 
(2 x 298)]/[4085 + (2 x 298)] = 7.45k. The nearest 1% 
resistor value is 7.5k. Figure 5 shows a plot of Vpiv(T) 
measured at various temperatures forthisthermistorwith 
a7.5kR L . 
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TEMPERATURE (*C) 

tICtJ25*F(K 

Figure 5. ERT-D2FHL103S Divider 

There are two methods of calculating battery or ambient 
temperature from ADC readings of the Tbat or Tamb 
channels. The first method is to store the Vpiv(T) vs T 
curve as a lookup table. The second method is to use a 
straight line approximation. The equation of this line may 
be calculated from the slope dV D | V /dT at To [see equation 
(7)] and assuming that the line passes through the point 
[To, Vqiv(To)] on the curve. Forthe ERT-D2FHL103S, the 
slope is minus 34mV/°C and the equation of the line is T 
= [2.605-Voiv(T)]/0.034.Thestraightlineapproximation 
is accurate to within 2°C over a temperature range of 5°C 
to 45°C, assuming a 3% p and 10% Rjo tolerances. 

PTC (Positive Temperature Coefficient) Thermistors 

Positive Temperature Coefficient (PTC) thermistors may 
be used in battery chargers that do not require accurate 
temperature measurements. The resistance vs tempera- 
ture characteristics of PTC exhibits a sharp increase at a 
selectable switch temperature Ts. This sharp change is 
exploited in chargers which useTCO (Temperature Cutoff) 
or ATCO (Difference between battery and ambient tem- 
perature). WithTCOtermination, a voltage dividerconsist- 
ing of a PTC and a low temperature coefficient load resistor 
is connected between REG and GND with the top end of the 
PTC at REG. The PTC is mounted on the battery to sense 
its temperature. The divider output is tied to Tbat- When 
the switch temperature is reached, the PTC resistance 
increases sharply causing T B at to fall below HTF. This 
causes an HTF fault and charging is terminated. To imple- 
ment ATCO termination the load resistor can be replaced 


by a matching PTC and the divider now responds to 
differences between battery and ambient temperature. 
With both TCO and ATCO terminations, the position of the 
battery temperature PTC can be swapped with the load 
resistor or ambient temperature PTC. In both cases, an 
LTF fault terminates charge when the trip point is reached. 

HARDWARE DESIGN PROCEDURE 

This section discusses the considerations in selecting 
each component of a simple battery charger (see Figures 
3 and 4). 

1 • Rsense 

There are three factors in selecting Rsense : 

a. LTC1325 Vref and Duty Ratio Settings 

b. Sense Resistor Dissipation 

c. Iload x Rsense < -450mV for Gas Gauge Linearity 

The LTC1325 has five duty ratio and four Vref settings 
giving 20 possible charge rates (for a given value of 
Rsense) as shown in the following table. For any combina- 
tion of Vdac and duty ratio, the average charging current 
is given by: 

AVG Ichrg = Vdac x (Duty RatiO)/RsENSE 


Vref 

| DUTY RATIO 

1 

1/2 

1/4 

1/8 

1/16 

150mV (1) 

1 

1/2 

1/4 

1/8 

1/16 

50mV (1/3) 

1/3 

1/6 

1/12 

1/24 

1/48 

30mV (1/5) 

1/5 

1/10 

1/20 

1/40 

1/80 

15mV (1/10) 

1/10 

1/20 

1/40 

1/80 

1/160 


Note that in the table, the 1 50mV, 1 00% duty ratio entry is 
given a weighting of 1 . For a battery charged at 1 C rate with 
Vref of 150mV and 100% duty ratio, the charge rate (in 
C-units) for other Vref and duty ratio combinations can be 
read straight off the table. For a battery charged at 4C rate 
at 1 50mV, 1 00% duty ratio, all entries should be multiplied 
by 4 and so on. In general , Vref and duty ratio settings are 
changed by the microprocessor to charge batteries of 
different capacities orto alter charge rates when charging 
the same battery in several stages. For best accuracy, Vref 
should be set to 150mV where possible. 
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The powerdissipationofthe sense resistor varies between 
charge, discharge and gas gauge modes and should be 
calculated for all three modes. Typically, dissipation is 
higher in discharge and gas gauge modes since batteries 
can deliver higher currents than they can be charged with. 

In gas gauge mode, the load current supplied by the 
battery should not exceed 450mV/RsENSE for the gas 
gauge to remain linear in response. Rsense should be low 
enough to ensure that Iload x Rsense does not fall below 
ground by 1 diode drop. 

2. V DD Supply 

The minimum Voosupply must be greaterthan the end-of- 
charge voltage V E c times the number of cells (n) in the 
battery plus drops across the on-resistance of the PFET, 
inductor (V|_), battery internal resistance Rjmj and sense 
resistor R S ense- 

Min Vdd = Ichrg x [Rds(ON)(P1) + Rsense + n x R| NT ] 
+ n x Vec + Vl 

Assuming Vec = 2V, the LTC1 325 will charge up to 8 cells 
with a 1 6 V supply. Fora higher number of cells, an external 
level shifter and regulator are needed. 

3. Inductor L 

To minimize losses, the inductor should have low winding 
resistance. It should be able to handle expected peak 
charging currents without saturation. If the inductor satu- 
rates, the charging current is limited only by the total PFET 
Rds(ON). inductor winding resistance, Rsense and V D d 
source resistance. This fault current may be high enough 
to damage the battery or cause the maximum power 
ratings of the PFET, inductor or Rsense to be exceeded. 

4. Catch Diode D1 

The catch diode should have a low forward drop and fast 
reverse recovery time to minimize power dissipation. 
Total power loss is given by: 

PdDi =V F xl F + V R xf xt RR x l F ' 
where 

l F = forward diode current, 

l F ' = forward diode current just prior to turn-off, 


V F = forward drop, 

Vr = reverse diode voltage (approximately equal to 
Vdd). 

f = PWM frequency (11 1kHz), and 
t RR = reverse recovery time 

The power and maximum reverse voltage ratings of the 
diode should be greaterthan Pjoi and Vqd respectively. 
The catch diode should also have fast turn-on times to 
reduce the voltage glitch at its cathode when turning on. 

Schottky diodes have fast switching times and low for- 
ward drops and are recommended for D1 . 

5. Trickle Resistor Rjrk 

Rtrk sets the desired trickle current in the battery to 
compensate for self-discharge which is in the order 1% 
and 2% of capacity per day for NiCd and NiMH batteries 
respectively. Trickle charge rates are typically in the C/30 
to C/50 range, where C is battery capacity. 

Itrk = (Vdd-Vbat)/Rtrk 

where Vbat is the voltage of a full charged battery. Note 
that Itrk varies as the battery is being charged. 

6. Thermistor Rjherm and Load R|_ 

The total resistance of the thermistor network should be 
greater than 30k at the high temperature extreme to 
minimize effects of load regulation (see REG pin loading). 

7. Fault Setting Resistors R1, R2, R3 and R4 

The voltage levels atthe LTF, HTF and MCV pins are tapped 
from a resistor divider powered by the REG pin. The 
voltage levels are selected taking into account: 

a. ManufacturerRecommendedTemperatureand Volt- 
age limits, 

b. Loading on the REG Pin (< 2mA) 

c. Input Voltage Ranges of the LTF, HTF and MCV 
Comparators: 

1 .6V < V LTF , V MC v< 2.8V and 
0.5V <V HTF < 1.3V 

d. Thermistor Divider Temperature Curve 
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Typical temperature limits for both NiCd and NiMH batter- 
ies are shown below. 


BATTERY 

TYPE 

DISCHARGE TEMP 
RANGE (°C) 

DISCHARGE TEMP 
RANGE (°C) 

MIN 

MAX 

MIN 

MAX 

Standard 

-20 

45/50 

0 

45/50 

Quick 

-20 

45/50 

10 

45/50 

Fast or Rapid 

-20 

45/50 

15 

45/50 

Trickle 

-20 

45/50 

0 

45/50 


Note that the discharge limits are wider than the charge 
limits. To prolong battery life, manufacturers generally 
recommend discharge temperatures that are similar to 
the charge limits. For this reason, the LTC1325 recog- 
nizes the same LTF and HTF limits in both charge and 
discharge modes. MCV should be set just above the 
charging voltage per cell given in battery specifications. 
The voltage at the LTF and HTF pins should be set to 
correspond to narrowest temperature range. These are 
typically 15°C and 45°C. The corresponding voltages 
may be read from the thermistor divider temperature 
curve such as that shown in figure 5. For this thermistor, 
it works out to be about for 2.1 2 V for LTF and for 1 .1 3 V 
for HTF. The MCV may be conveniently tied to LTF since 
MCV is typically 2V. If desired, external analog switches 
under microprocessor control may be used to vary the 
LTF, HTF and MCV voltages between modes or for 
different charge rates. The values of R1 , R2, R3 and R4 in 
Figure 3 can be calculated from the following equations: 

R4 = V(HTF) x RE/Vreg 

R3 = V(MCV) x RE - R4 

R2 = V(LTF) x RE - (R3 + R4) 

R1 = RE - (R2 + R3 + R4) 

where RE = R1 + R2 + R3 + R4 is chosen to minimize 
loading on the REG pin. A minimum value of 30k is 
recommended. Note that V(LTF) is assumed to be greater 
than V(MCV). If this is notthe case, V(LTF) and V(MCV) in 
the above equations should be swapped. If the MCV and 
LTF pins are shorted to the same point, R2 should be set 
toO. 

8. REG Pin Loading 

The 3.072V regulator has a load regulation specification of 
-5mV/mA. Since the ADC uses the same regulator as 


reference, it is desirable to reduce loading effects on the 
REG pin especially over temperature. Thermistors with 
Rto values of at least 10k at 25°C are recommended. At 
50°C, the thermistor resistance could drop by a factor of 
3 from its value at 25°C. Rl is chosen as explained in the 
section on Temperature Sensing. The temperature coeffi- 
cient of Rl is not critical since the thermistor tempco 
dominates the sensing circuit. 

9- Rdis 

Rdis is selected to limit the discharge current to a value 
within the battery discharge specifications and must have 
a power rating above Iqis 2 * Rdis where: 

bis = Vbat/[Rdis + Rds(ON)(N1)] 

10. PFET(PI) and NFET(NI) 

For operation of the charge and discharge loops, I Vqs 1 < 
Vqd since the PGATE and DIS pins swing between 0 and 
Vdd- I Vqs I « Vqd to minimize power dissipation. The 
power ratings of PI and N1 should be above Ichrg 2 x 
Rds(ON)(P1 )and bis 2 x Rds(ON)(^1) respectively. Vds(max) 
should be above Vdd. 

Charging From Supplies Above 16V 

In many applications, the charging supply is greaterthan 
the 1 6 V maximum Vdd rating of the LTC1 325. The LTC1 325 
can easily be adapted to charge the batteries from a 
charging supply (Vdc) above 16V by adding 3 external 
sub-circuits: 

1) A regulator to drop Vdc down to within the supply 
range of the LTC1325. 

2) A level shifter between the PGATE and the gate of the 
PFET, PI , to ensure that PI can be completely 
turned offwhen PGATE rises to Vdd- 

3) A voltage clamp on the Vbat pin to prevent Rjrk from 
pulling Vbat above Vdd- 

The Typical Application circuit on page 1 shows low cost 
implementations of all 3 sub-circuits. Cl, R7 and D4 
generate a 15V Vdd for the LTC1325. D3 and C2 form a 
level shifter. The zener D3 is chosen to clamp the source- 
gate voltage of the PFET to within the maximum gate- 
source voltage rating of the latter. Finally, D5 clamps Vbat 
to 15V. 
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Charging Batteries With Voltages above 16V 

To charge a battery with a maximum (fully charged) 
voltage of above 16V, the charging supply V D c must be 
above 16V. Thus the charger will need the regulator, level 
shifter and clamp mentioned in the previous section. In 
addition, an external battery divider must be added to limit 
the voltage at the Vbat pin to less than V DD . This is shown 
in the Typical Application circuit on page 1 . The resistors 
R9and R1 0 are selected to divide the battery voltage by the 
number of cells in the battery and the battery divider 
internal to the LTC1 325 is set to divide -by-1 . The external 
divider prevents Vbat from ever rising to V DD and this 
causes the B A jp (Battery Present Flag) to be high regard- 
less of whether the battery is physically present or not. 
This does not affect the other operations of the LTC1 325. 

SOFTWARE DESIGN 

A general charging algorithm consists of the following 
stages: 

Discharge Before Charge 
Fast Charge 
Top Off Charge 
Trickle Charge 

Under some operating conditions, NiCd and NiMH batter- 
ies may not provide full capacity. Examples are repeated 
shallow charge and discharge cycles which causes the 
“memory effect” in NiCd batteries and long term storage 
at high temperatures. In order to restore full capacity 
(battery conditioning), these batteries have to be sub- 
jected to several deep discharge/charge cycles which will 
be provided by repetitions of the above algorithm. 

Figure 6 shows a simplified flowchart of a charging algo- 
rithm. In practice, this flowchart has to be augmented to 
take into account the occurrence of fail-safes at any point 
in the algorithm. For example, the battery temperature 
could rise above HTF during discharging or charging. 
Table 1 shows the corresponding command word the 
microprocessor sends to the LTC1 325 in each step of the 
flowchart. General programming notes are as follows: 

1 . The start bit is always high. 

2. The SGL/DIFF bit is generally set to low so that the ADC 
makes conversions with respect to ground. 


3. The MSBF bit is set depending on whether the micro- 
processor clocks in serial data with MSB- or LSB-first. 

4. The DSO to DS2 bits can be anything except when 
entering idle mode or when requesting for ADC read- 
ings. In these cases, DSO to DS2 are set to select the 
desired reading: T B at, V C ell or T A mb- 

5. The PS bit should always be 0 so that the LTC1325 
does not go into shutdown mode. 

6. The DRO to DR2 should not select any of the test 
modes. It may assume different settings between Fast 
charge and Top Off charge in order to alter the charg- 
ing current. 

7. The FSCLR bit should be setto 1 to clear any faults and 
reset the timer when starting Discharge, Fast charge 
or Top Off. The status bits that the LTC1325 returns 
during the same I/O operation (that FSCLR is setto 1) 
should be checked to determine if faults were indeed 
cleared, i.e., discharging or charging has begun. This 
is not shown in the simplified flowchart of Figure 6. For 
commands other than the START commands, FSCLR 
should be set to 0 so as not to reset the timer. 

8. The TOO to T02 bits should all be set to 1 in discharge 
mode to ensure discharge does not end prematurely 
due to a time-out fault. During Fast charge or Top Off 
charge, these bits are set to a value suitable for the 
charge rate used. For example, if the charge rate is 1C, 
the time-out period should be setto 80 minutes. 

9. In charge mode, the Cp capacitor filters the Vcell node 
and sees a small ripple due to ripple at the Sense pin. 
Priorto taking an ADC reading, the LTC1 325 is put in 
idle mode to minimize noise. The microprocessor 
should either disregard readings or wait fora second 
or so before taking a reading. This is to allow Vcell to 
decay to the correct cell voltage. The worst case time 
constant is150k£2xCp. 

10. Priorto the first START command, the battery divider 
setting may be incorrect so that Cp may charge to a 
voltage that causes EDV, BATR or MCV faults. The 
worst case time constant is as in (9). The micropro- 
cessor should check faults during the transmission of 
a START command and resend the START command 
again when Cp has been given enough time to charge 
up to the correct value. 
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Table 1. Commands for Flowchart in Figure 6 




COMMAND WORD 



s 



s 

G 

L 













F 








T 

M 

M 

D 

M 




D 

D 

D 

0 





S 








A 

0 

0 

1 

S 

D 

D 

D 

1 

1 

1 

| 


D 

D 

D 

C 

T 

T 

T 

V 

V 



R 

D 

D 

F 

B 

S 

S 

S 

V 

V 

V 

V 

P 

R 

R 

R 

L 

0 

0 

0 

R 

R 

NO 

STEP 

T 

1 

0 

F 

F 

0 

1 

2 

0 

1 

2 

3 

S 

0 

1 

2 

R 

0 

1 

2 

0 

1 

1 

Start Discharge 

1 

1 

0 

0 

m 

X 

X 

X 

b 

b 

b 

b 

0 

? 

? 

? 

1 

1 

1 

1 

X 

X 

2 

Read Status 

1 

1 

0 

0 

m 

X 

X 

X 

b 

b 

b 

b 

0 

? 

? 

? 

0 

1 

1 

1 

X 

X 

3 

Start Fast Charge 

n 

ra 

1 

o 

ra 

n 

D 

D 

D 

D 

D 

D 

o 

ED 

EH 

EH 

a 

ra 

ra 

ra 

EH 

Bfl 

4 

Idle Mode and Wait 

m 

o 

o 

o 

m 

n 

D 

n 

n 

D 

D 

O 

o 

eh 

EH 

EH 

ra 

ra 

ra 

ra 

Dl 


5 

Read ADC and Status 

D 

o 

o 

o 

m 

D 

D 

D 

D 

n 

n 

o 

D 

eh 

EH 

EH 

ra 

ra 

ra 

ra 

EH 


6 

Resume Fast Charge 

1 

0 

1 

0 

m 

X 

X 

X 

b 

b 

b 

b 

0 

dl 

dl 

dl 

0 

tl 

tl 

tl 

Vi 

vl 

7 

Start Top Off Charge 

1 

0 

1 

0 

m 

X 

X 

X 

b 

b 

b 

b 

0 

d2 

d2 

d2 

1 

t2 

t2 

t2 

v2 

v2 

8 

Idle Mode and Wait 

1 

0 

0 

0 

m 

c 

c 

c 

b 

b 

b 

b 

0 

d2 

d2 

d2 

0 

t2 

t2 

t2 

v2 

v2 

9 

Read ADC and Status 

1 

0 

0 

0 

m 

c 

c 

c 

b 

b 

b 

b 

0 

d2 

d2 

d2 

0 

t2 

t2 

t2 

v2 

v2 

10 

Resume Top Off Charge 

1 

0 

1 

0 

m 

X 

X 

X 

b 

b 

b 

b 

0 

d2 

d2 

d2 

0 

t2 

t2 

t2 

v2 

v2 


Note: c refers to one of the ADC channels (TBAT, Ta, Vcell). b is the 
battery divider ratio, dl is the duty ratio for Fast charge, d2 is the duty 
ratio for Top Off charge, tl is the timout for Fast charge, t2 is the 
timout for Top Off charge, vl is the Vref setting for Fast charge, v2 is 
the Vref setting for Top Off charge. 


MICROPROCESSOR INTERFACES 

The LTC1325 can interface directly to either synchronous, 
serial or parallel I/O ports of most popular microproces- 
sors. With a parallel port, 3 or 4 I/O lines can be pro- 
grammed to form a serial link to the LTC1325. 

Motorola SPI (68HC11) 

The 68HC1 1 has a dedicated synchronous serial interface 
called the Serial Peripheral Interface (SPI) which transfers 
data with MSB-first and in 8-bit increments. To communi- 
cate with this microprocessor, the LTC1 325 MSBF control 
bit should be set to 1 . The SPI has 4 lines: Master In Slave 
Out (MISO), Master Out_Slave In (MOSI), Serial Clock 
(SCK) and Slave Select(SS). The 68HC1 1 is configured as 
a Master by tying the SS line high. A control byte is written 
to the Serial Peripheral Control Register to select master 
mode, set baud rate and clocktiming relationship. Another 
byte is written tojhe Port D Direction Registerto set MOSI, 
SCK and bit 0 (CS of LTC1325) as outputs. The 68HC11 
clocks in data from the LTC1 325 simultaneously underthe 


control of SCK. The microprocessortransmits the LTC1 325 
command word in 3 bytes. This is followed by 2 more 
dummy bytes (with all bits set low) in order to clock in the 
remaining LTC1325 ADC and status bits. 


5V 

68HC11 | LTC1325 


ss 

cri/ 


PI 1 ( 



U LA 

MOSI 

PORTD.O 



Dqut 

MISO 



BYTE 3 


0 

0 

0 

0 

0 

0 

D9 

D8 

BYTE 4 

D7 

D6 

D5 

D4 

03 

D2 

Dl 

DO 

BYTE 5 

BATP 

BATR 

MCV 

EDV 

HTF 

LTF 

TO 

l ^ | 


LTC1 325 * A»1 
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LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


LDAA 

#01 01 01 01 B 

Write control byte to the SPCR 


STM 

$1028 



LDM 

#001 00001 B 

Setup Port D 


STM 

$1009 



LDX 

#$1000 

Base adress of SPI registers 

MSBF1 

BCLR 

$08,#0 

Take CS low 


LDM 

#$00 

Send Byte 1 (MSB) 


STM 

$1 02A 


L00P1 

TST 

$1029 



BPL 

L00P1 



LDM 

#$FF 

Send Byte 2 


STM 

$102A 


L00P2 

TST 

$1029 



BPL 

L00P2 



LDM 

#$00 

Send Byte 3 


STM 

$1 02A 


L00P3 

TST 

$1029 



BPL 

L00P3 



LDM 

#$FF 

Send Byte 4 (dummy) 


STM 

$1 02A 


L00P4 

TST 

$1029 



BPL 

L00P4 



LDM 

#$FF 

Send Byte 5 (dummy) 


STM 

$1 02A 


L00P5 

TST 

$1029 



BPL 

L00P5 



BSET 

$08,X,#01 

Take CS high 


END 

MSBF1 

End of MSBF = 1 code 


TYPICAL APPUCATIOA 


4.5V TO 16V 
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LTC1348 

3.3V Low Power RS232 
3-Driver/5-Receiver Transceiver 


December 1993 


KOTUftCS 

■ True RS232 from a Single 3.3V Supply 

■ Low Supply Current: 500pA 

■ 0.2pA Supply Current in SHUTDOWN 

■ 1 0(jA Supply Current in RECEIVER ALIVE Mode 

■ ESD Protection Over ±10kV 

■ Available in SSOP Package 

■ Uses Small Capacitors: 0.1 pF 

■ Operates to 120k Baud 

■ Three-State Outputs Are High Impedance When Off 

■ Output Overvoltage Does Not Force Current Back into 
Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V Without 
Damage 

■ Flowthrough Architecture 

nppucOTions 

■ Notebook Computers 

■ Palmtop Computers 


DCSCRIPTIOn 

The LTC1348 is a 3-driver/5-receiver RS232 transceiver 
with very low supply current. The charge pump only 
requires five 0.1 pF capacitors. 

The transceiver operates in one of the four modes: NOR- 
MAL, RECEIVER DISABLE, RECEIVER ALIVE or SHUT- 
DOWN. In NORMAL or RECEIVER DISABLE mode, l CC is 
only 500pA with the RS232 outputs unloaded condition. In 
SHUTDOWN mode, the supply current is further reduced 
to 0.2pA. In RECEIVER ALIVE mode, all five receivers are 
kept alive and the supply current is lOpA. All RS232 
outputs assume a high impedance state in SHUTDOWN or 
RECEIVER ALIVE mode or with the poweroff. The receiver 
outputs assume a high impedance state in RECEIVER 
DISABLE. 

The LTC1348 is fully compliant with all data rate and 
overvoltage RS232 specifications. The transceiver can 
operate up to 120k baud with a 2500pF, 3k£2 load. Both 
driver outputs and receiver inputs can be forced to ±25V 
without damage, and can survive multiple ±10kV ESD 
strikes. 


TVPicni flppucfflion 


3-Drivers/5-Receivers with SHUTDOWN 


Supply Current 


27 —1— C4 

C3 0.1 jjF 

r* 0.1 yF — 
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Supply Voltage (Vcc) 

4V 

Input Voltage 

Driver 

.. -0.3V to V cc + 0.3V 

Receiver 

-25V to 25V 

Driver/Receiver Enable Pin 

... -0.3V to V cc + 0.3V 

Output Voltage 

Driver 

-25 V to 25 V 

Receiver 

... -0.3V to V cc + 0.3V 

Short-Circuit Duration 

V + 

30 sec 

V- 

30 sec 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

Commercial (LTC1348C) 

0°C to 70°C 

Industrial (LTC1348I) 

-40°C to 85°C 

Storage Temperature Range 

-65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


v + [T 

C2 + [T 
C2~[T 
VccE 

C1+ [E 

cr [TT 

DRIVER 1 OUT H 

RX1 IN QT — 1 
DRIVER 2 OUT QT 
RX2 IN [TO 
RX3 IN [TT 
RX4 IN [H 
DRIVER 3 OUT [l3 
RX5 IN [TT 



G PACKAGE N PACKAGE 

28-LEAD SSOP 28-LEAD PLASTIC DIP 
S PACKAGE 
28-LEAD PLASTIC SOL 


ORDER PART 
NUMBER 


LTC1348CG 

LTC1348CN 

LTC1348CS 

LTC1348IG 

LTC1348IN 

LTC1348IS 


Tjmax = 125°C, 9ja = 96°C/W (G) 
Tjmax = 1 25°C, 0 ja = 56°C/W (N) 
Tjmax = 125°C, 0ja = 85°C/W (S) 


DC CLCCTR1CRL CHARACTERISTICS Vcc = 3.3V, Cl = C2 = C3 = C4 = C5 = 0.1 pf, unless otherwise noted. 


PARAMETER | CONDITIONS [ MIN TYP MAX | UNITS 

Any Driver 


Output Voltage Swing 

3k to GND Positive 

• 

5.0 

7.0 


V 


Negative 

• 

-5.0 

-6.5 


V 

Logic Input Voltage Level 

Input Low Level (Vout = High) 

• 


1.4 

0.8 

V 


Input High Level (Vout = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

V|N = Vcc 

• 



5 

pA 


V,n = ov 

• 


-20 

-40 

pA 

Output Short-Circuit Current 

V O ut = 0V 


±12 

mA 

Output Leakage Current 

SHUTDOWN (Note 3) or RECEIVER ALIVE Mode (Note 4), 

Vqut = ±20V 

• 


±10 

±500 

pA 


Any Receiver 


Input Voltage Thresholds 

Input Low Threshold 

• 

0.8 1.3 

V 


Input High Threshold 

• 

1.7 2.4 

V 

Hysteresis 


• 

0.1 0.4 1.0 

V 

Input Resistance 



3 5 7 

kn 

Output Voltage 

Output Low, Iout = - 1 .6mA (Vcc = 3.3V) 

• 

0.2 0.4 

V 


Output High, Iout = 160pA (Vcc = 3.3V) 

• 

3.0 3.2 

V 

Output Short-Circuit Current 

Sinking Current, Vout = Vcc 


-3 -20 

mA 

Output Leakage Current 

SHUTDOWN (Note 3), 0 < Vqut £ V cc 

• 

1 10 

MA 

Power Supply Generator 

V + Output Voltage 

Iout = 0mA 


8.0 

V 


Iout = 12mA 


7.5 

V 

V" Output Voltage 

Iout = 0mA 


-8.0 

V 


Iout = -12mA 


-7.0 

V 

Supply Rise Time 

SHUTDOWN to Turn-On 


0.2 

ms 


/TLin^AB 

MLmf TECHNOLOGY 


13-117 






LTC1348 

DC €(.€CTRICRl CHRRftCTCRISTICS Vcc = 3.3V, Cl = C2 * C3 ■ C4 ■ C5 = 0.1|jJF, unless otherwise noted. 


PARAMETER [ CONDITIONS 1 MIN TYP MAX | UNITS 

Power Supply 


Vcc Supply Current 

No Load (All Drivers V iN = V cc )(Note 2), 0°C <; T A <; 70°C 

• 

0.5 1.0 

mA 


No Load (All Drivers V| N = V cc ) (Note 2), -40°C < T A <; 85°C 

• 

0.5 1.5 

mA 


RECEIVER ALIVE Mode (Note 4) 

• 

10 20 

pA 


SHUTDOWN (Note 3) 

• 

0.2 10 

pA 

Driver/Receiver Enable Threshold Low 


• 

1.4 0.8 

V 

Driver/Receiver Enable Threshold High 


• 

2.0 1.4 

V 


RC CHRRRCTERISTICS Vcc = 3.3V, Cl = C2 = C3 = C4 = C5 = 0.1 pF, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

R l = 3k, C L = 51 pF 



8 

30 

V/ps 


R l = 3k, C L = 2500pF 


3 

5 


V/ps 

Driver Propagation Delay 

t H LD (Figure 1) 

• 


2 

3.5 

ps 

(TTL to RS232) 

t lhd (Figure 1) 

• 


2 

3.5 

ps 

Receiver Propagation Delay 

t HL R (Figure 2) 

• 


0.3 

0.8 

ps 

(RS232 to TTL) 

tmR (Figure 2) 

• 


0.2 

0.8 

ps 


The • denotes specifications which apply over the operating temperature 
range (0°C £ Ta < 70°C for commercial grade, -40°C < Ta < 85°C for 
industrial grade). 

Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Supply current is measured with driver and receiver outputs 
unloaded. The Vqriver en and Vrx en = Vcc- 


Note 3: Supply current measurement in SHUTDOWN is performed with 
Vdriver en and Vrx en = 0V. 

Note 4: Supply current measurement in RECEIVER ALIVE mode is 
performed with V DR | V er en = °V and Vrx en = Vcc- 


pm FuncTions 

Vcc: 5 V Input Supply Pin. Supply current is less than 
0.2pA in the SHUTDOWN mode. This pin should be 
decoupled with a 0.1 pF ceramic capacitor. 

GND: Ground Pin. 

RX EN: TTL/CMOS Compatible Enable Pin. Referto Table 
1 for its functional description. 

DRIVER EN: TTL/CMOS Compatible Enable Pin. Referto 
Table 1 for its function description. 

V + : Positive Supply Output (RS232 Drivers). V + = 3Vcc - 
2V. This pin requires an external capacitor C = 0.1 pF for 
charge storage. The capacitor may be tied to ground or 
Vcc- With multiple devices, the V + and V - pins may be 
paralleled into common capacitors. For large numbers of 
devices, increasing the size of the shared common storage 
capacitors is recommended to reduce ripple. 

V": Negative Supply Output (RS232 Drivers). V - =-(3Vcc 
— 2V). This pin requires an external capacitor C =0.1 pF for 
charge storage. 


C1 + , Cl", C2 + , C2~, C3\ C3": Commutating Capacitor 
Inputs. These pins require three external capacitors C = 
0.1 pF: one from C1 + to C1 _ , and another from C2 + to C2 - 
and another from C3 + to C3 - . To maintain charge pump 
efficiency, the capacitor’seffectiveseries resistanceshould 
be less than 20Q. 

DRIVER IN: RS232 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. The inputs of unused drivers can be left 
unconnected since 300k input pull-up resistors to Vcc are 
included on chip. To minimize power consumption, the 
internal driver pull-up resistors are disconnected from Vcc 

in SHUTDOWN or RECEIVER ALIVE mode. 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 
DOWN, RECEIVER ALIVE mode or V cc = OV. The driver 
outputs are protected against ESD to ±10kV for human 
body model discharges. 


13-118 


rrunm 

TECHNOLOGY 






LTC1348 


pm Funaions 

RX IN: Receiver Inputs. These pins can be forced to ±25 V 
without damage. The receiver inputs are protected against 
ESD to ±10kV for human body model discharges. Each 
receiver provides 0.4V of hysteresis for noise immunity. 


RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in high impedance state when in SHUT- 
DOWN or RECEIVER DISABLE mode to allow data line 
sharing. 


Table 1. Function Description 


MODE 

RX EN 

DR EN 

DRIVERS 

RECEIVERS 

ICC(pA) (TYP) 

SHUTDOWN 

0 

0 

All Drivers SHUTDOWN 

All Driver Outputs Assume High Impedance 

All Receivers SHUTDOWN 

All Receivers Outputs Assume High Impedance 

0.2 

RECEIVER 

DISABLE 

0 

1 

All Drivers Alive 

All Receiver Outputs in Three-State 

500 

RECEIVER 

ALIVE 

1 

0 

All Drivers SHUTDOWN 

All Driver Outputs in Three-State 

All Receivers Alive 

10 

NORMAL 

1 

1 

All Drivers Alive 

All Receivers Alive 

500 


HuiTCHinG Time unveFonms 


DRIVER 


r i.4V^ 

r 1-4VJ 

/ 

* 

r 

tLHD-^ 

J/oV 


^OV 
tHLD U- 


■ Vcc 
-0V 
-V + 


RX 

INPUT 


RX 

OUTPUT 



Vcc 

OV 

Vcc 

OV 


1348 F01 
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Figure 1. Driver Propagation Delay Timing 


Figure 2. Receiver Propagation Delay Timing 
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Figure 4. Receiver Timing Test Load 
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F€ATUR€S 

■ Uses Small Inductors: 4.7jaH 

■ All Surface Mount Components 

■ Only 0.5 Square Inch of Board Space 

■ Minimum Supply Voltage: 2.7V 

■ Quiescent Current: 3mA 

■ Current Limited Power Switch: 1.5A 

■ High Efficiency Plus Increased Speed 

■ Regulates Positive or Negative Outputs 

■ Shutdown Supply Current: lOpA 

■ Easy External Synchronization 

■ Small 8-Pin SO or MiniDIP Packages 

application 

■ Boost Regulators 

■ CCFL Backlight Driver 

■ Laptop Computer Supplies 

■ Multiple Output Flyback Supplies 

■ Inverting Supplies 


raiyuoi/MW 

LT1372 

500kHz High Efficiency 
1 .5A Switching Regulator 

May 1994 

DtSCRIPTlOA 

The LT1372 is a monolithic high frequency switching 
regulator. It can be operated in all standard switching 
configurations including boost, buck, flyback, forward, 
inverting and “Cuk.” A 1.5A high efficiency switch is 
included on the die along with all oscillator, control, and 
protection circuitry. Integration of all functions allows the 
LT1372 to be built in 8-pin SO or miniDIP packages. 

The LT1372 consumes only 3mA quiescent current and 
has higher efficiency than previous parts. High frequency 
switching allows for very small inductors to be used. All 
surface mount components consume less than 0.5 square 
inch of board space. 

New design techniques increase flexibility and maintain 
ease of use. Switching is easily synchronized to an exter- 
nal logic level source. A logic low on the shutdown pin 
reduces supply current to 10pA. Unique error amplifier 
circuitry can regulate positive or negative output voltage 
while maintaining simple frequency compensation tech- 
niques. Nonlinear error amplifier transconductance re- 
duces output overshoot on start-up or overload recovery. 
Oscillator frequency shifting protects external compo- 
nents during overload conditions. 


TYPICAL APPUCATIOA 


5V-to-12V Boost Converter 



PACKAGC/ORDCR inFORITlATIOn 



TOP VIEW 


VcE 


T] v S w 

FB \T 


T\ GND 

NFB |T 


ID GNDS 

S IS [T 


3 V IN 

N8 PACKAGE, 8-LEAD PLASTIC DIP 



TOP VIEW 


v cll 



3 Vsw 

FB Q[ 



T) GND 

NFB [J 



T| SNDS 

s/s |T 



T] V IN 

S8 PACKAGE, 8-LEAD PLASTIC SOIC 


ORDER PART 
NUMBER 


LT1372CN8 


LT1372CS8 


S8 PART MARKING 
1372 
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LT 1 376 


Hum 


1 .5A, 500kHz Step-Down 
Switching Regulator 

May 1994 


FCRTURCS 


DCSCRIPTIOR 


■ Fixed 500kHz Switching Frequency 

■ Uses All Surface Mount Components 

■ Inductor Size Reduced to 5pH 

■ Saturating Switch Design: 0.4Q 

■ Effective Supply Current: 2mA 

■ Shutdown Current: 20pA 

■ Cycle-by-Cycle Current Limiting 

■ Easily Synch ronizable to 1 MHz 

APPLICATION 

■ Portable Computers 

■ Battery-Powered Systems 

■ Battery Charger 

■ Distributed Power 

■ 5V to 3.3V Regulator 


The LT1 376 is a 500kHz monolithic buck mode switching 
regulator. A 1 ,5A switch is included on the die along with 
all the necessary oscillator, control, and logic circuitry. 
High switching frequency allows a considerable reduction 
in the size of external components. The topology is current 
mode for fast transient response and good loop stability. 
Both fixed output voltage and adjustable parts are avail- 
able. 

A special high speed bipolar process and new design 
techniques allow the LT1376 to achieve high conversion 
efficiency at high switching rates. High efficiency is main- 
tained over a wide output current range by keeping quies- 
cent supply current to 4mA and by utilizing a boost capaci- 
tor to allow the NPN power switch to saturate. A special 
biasing pin can reduce effective supply current to 2mA for 
even higherefficiency atlight loads. Ashutdown signal will 
reduce supply current to 20pA. Synchronizing the switch- 
ing frequency to an external signal requires no extra parts. 

The LT1376 is available in 8-pin DIP and SO packages. 
Temperature rise is kept to a minimum by the high 
efficiency design. Full cycle-by-cycle short-circuit protec- 
tion and thermal shutdown are provided. Standard surface 
mount external parts are used, including the inductorand 
capacitors. 


TYPICAL RPPUCRTIOn 


5V Buck Converter 



* CAN BE REDUCED TO 5fiH FOR l 0 UT ^ 1 A 

* CAPACITOR SIZE IS DETERMINED BY RIPPLE CURRENT. 
IRMS = I0UT2 A SMALLER UNIT MAY BE USED FOR 
LOWER OUTPUT CURRENTS. 
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F€ATUR€S 

■ Low Power: Ice = 120pA Max with Driver Disabled 

■ Ice = 500 jjA Max with Driver Enabled, No Load 

■ 1|jA Quiescent Current in Shutdown Mode 

■ High Speed: Up to 2.5Mbits/s Data Rate 

■ Single 5V Supply 

■ -7V to 12V Common-Mode Range Permits ±7 V 
Ground Difference Between Devices on the Data Line 

■ Thermal Shutdown Protection 

■ Power Up/Down Glitch-Free Driver Outputs Permit 
Live Insertion or Removal of Transceiver 

■ Driver Maintains High Impedance in Three-State 
or with the Power Off 

■ Up to 32 Transceivers on the Bus 

■ 30ns Typical Driver Propagation Delays 
with 5ns Skew 

■ Pin Compatible with the LTC485 

Appucfflions 

■ Battery-Powered RS485/RS422 Applications 

■ Low Power RS485/RS422 Transceiver 

■ Level Translator 


Ultra-Low Power 
RS485 Transceiver 
with Shutdown 

May 1994 

DCSCMPTIOn 

The LTC1481 is an ultra-low power differential line trans- 
ceiver designed for data transmission standard RS485 
applications. It will also meet the requirements of RS422. 
The CMOS design offers significant powersavings overits 
bipolar counterparts without sacrificing ruggedness against 
overload or ESD damage. Typical quiescent current is only 
80pA while operating and less than IpA in shutdown. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common-mode range. Excessive powerdissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. The receiver has a fail-safe 
feature which guarantees a high output state when the 
inputs are left open. 

The LTC1481 is fully specified over the commercial and 
extended industrial temperature range and is available in 
8-pin DIP and SO packages. 
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absolute mnximum nnnncs 

(Hotel) 

Supply Voltage (Vcc) 12V 

Control Input Voltage -0.5V to V c c + 0.5V 

Driver Input Voltage -0.5V to Vcc + 0.5 V 

Driver Output Voltage ±14V 

Receiver Input Voltage ±14V 

Receiver Output Voltage -0.5V to Vcc + 0.5V 

Operating Temperature Range 

LTC1481C 0°C<T a <70°C 

LTC1481I -40°C<T a <85°C 

Lead Temperature (Soldering, 10 sec) 300°C 


package/order mFORmnnon 


TOP VIEW 



8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

TjMAX=125°C,e JA =130“C/W(N) 
Tjmax = 125"C,e JA » 150"C/W(S) 


ORDER PART 
NUMBER 

LTC1481CN8 

LTC1481IN8 

LTC1481CS8 

LTC1481IS8 


S8 PART MARKING 

1481 

14811 


Consult factory for Military grade parts. 


ELECTRICAL CHARACTERISTICS Vcc = 5V ±5%, (Notes 2, 3) unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VoDI 

Differential Driver Output Voltage (Unloaded) 

l O = 0 


5 

V 

V 0D2 

Differential Driver Output Voltage (with Load) 

R = 50Q (RS422) 

• 

2.0 



V 



R = 27Q (RS485), Figure 1 

• 

1.5 


5 

V 

AVod 

Change in Magnitude of Driver Differential Output 
Voltage for Complementary Output States 

R = 27 Q or R = 50Q, Figure 1 


0.2 

V 

Voc 

Driver Common-Mode Output Voltage 

R = 27Q or R = 50Q, Figure 1 

• 

3 

V 

A | Voc 1 

Change in Magnitude of Driver Common-Mode 
Output Voltage for Complementary Output States 

R = 27Q or R = 50Q, Figure 1 

• 

0.2 

V 

Vih 

Input High Voltage 

DE.DI.RE 

• 

2 

V 

VlL 

Input Low Voltage 

DE.DI.RE 

• 

0.8 

V 

IlNI 

Input Current 

DE, Dl, RE 

• 

±2 

mA 

1 IN2 

Input Current (A, B) 

DE = 0, V CC =0V or 5.25V, V| N = 12V 

• 



1.0 

mA 



DE = 0, V cc = 0V or 5.25V, V, N = -7V 

• 



-0.8 

mA 

Vth 

Differential Input Threshold Voltage for Receiver 

-7V<V cm <12V 

• 

-0.2 


0.2 

V 

AVjh 

Receiver Input Hysteresis 

Vcm = 0V 

• 

45 

mV 

VoH 

Receiver Output High Voltage 

l 0 = -4mA, V| D = 200mV 

• 

3.5 

V 

VOL 

Receiver Output Low Voltage 

l 0 = 4mA, V| D = -200mV 

• 

0.4 

V 

l0ZR 

Three-State (High Impedance) Output 

Current at Receiver 

V cc = Max, 0.4V <V 0 ^ 2.4V 

• 

±1 

mA 

Rin 

Receiver Input Resistance 

-7V^Vcm^12V 

• 

12 

kn 

Icc 

Supply Current 

No Load, Output Enabled 

• 


300 

500 

mA 



No Load, Output Disabled 

• 


80 

120 

pA 

ISHDN 

Supply Current in Shutdown Mode 

DE = 0, RE = V cc 



1 

10 

pA 

l0SD1 

Driver Short-Circuit Current, Vout = HIGH 

-7V < V 0 < 1 2V 

• 

35 


250 

mA 

l0SD2 

Driver Short-Circuit Current, Vout = LOW 

-7V<V 0 < 12V 

• 

35 


250 

mA 

l0SR 

Receiver Short-Circuit Current 

ov<v 0 <v cc 

• 

7 


85 

mA 
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LTC1481 


SUIITCHinO CHARACTERISTICS Vcc = 5V ±5%, (Notes 2, 3) unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH 

Driver Input to Output 

Rdiff = 54Q, C|_i = C|_2 = 100pF, 

• 

10 

30 

60 

ns 

tPHL 

Driver Input to Output 

(Figures 3, 5) 

• 

10 

30 

60 

ns 

tSKEW 

Driver Output to Output 


• 


5 

10 

ns 

tr.tf 

Driver Rise or Fall Time 


• 

3 

15 

40 

ns 

*ZH 

Driver Enable to Output High 

C L = lOOpF (Figures 4, 6), S2 Closed 

• 


40 

70 

ns 

tZL 

Driver Enable to Output Low 

C L = lOOpF (Figures 4, 6), SI Closed 

• 


40 

70 

ns 

t|_Z 

Driver Disable Time from Low 

Cl = 15pF (Figures 4, 6), SI Closed 

• 


40 

70 

ns 

tHZ 

Driver Disable Time from High 

C L = 15pF (Rgures 4, 6), S2 Closed 

• 


40 

70 

ns 

tpLH 

Receiver Input to Output 

Rdiff = 54ft, Cli = Cl 2 = lOOpF, 

• 

30 

140 

200 

ns 

tpHL 

Receiver Input to Output 

(Rgures 3, 7) 

• 

30 

140 

200 

ns 

tSKD 

1 tpLH ~ tpHi 1 Differential Receiver Skew 


• 

13 

ns 

tZL 

Receiver Enable to Output Low 

Crl = 15pF (Rgures 2, 8), SI Closed 

• 


20 

50 

ns 

tZH 

Receiver Enable to Output High 

Crl = 15pF (Rgures 2, 8), S2 Closed 

• 


20 

50 

ns 

tLZ 

Receiver Disable from Low 

Crl = 15pF (Rgures 2, 8), SI Closed 

• 


20 

50 

ns 

tHZ 

Receiver Disable from High 

Crl = 15pF (Rgures 2, 8), S2 Closed 

• 


20 

50 

ns 

fMAX 

Maximum Data Rate 


• 

2.5 

Mbits/s 

tSHDN 

Time to Shutdown 


• 

50 

200 

600 

ns 

tZH(SHDN) 

Driver Enable from Shutdown to Output High 

Cl = lOOpF (Figures 4, 6), S2 Closed 

• 


40 

100 

ns 

tZL(SHDN) 

Driver Enable from Shutdown to Output Low 

Cl = lOOpF (Figures 4, 6), SI Closed 

• 


40 

100 

ns 

tzH(SHDN) 

Receiver Enable from Shutdown to Output High 

C L = 15pF (Rgures 2, 8), S2 Closed 

• 

3500 

ns 

tZL(SHDN) 

Receiver Enable from Shutdown to Output Low 

C L = 15pF (Rgures 2, 8), SI Closed 

• 

3500 

ns 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those beyond which the safety of 
the device cannot be guaranteed. 


Note 2: All currents into device pins are positive; all currents out ot device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 

Note 3: All typicals are given for Vq C = 5 V and Ta = 25°C. 


pm Funcnons 

RO (Pin 1): Receiver Output. It the receiver output is 
enabled (RE low), then if A > B by 200mV, RO will be high. 
If A < B by 200mV, then RO will be low. 

RE (Pin 2): Receiver Output Enable. A low enables the 
receiver output, RO. A high input forces the receiver 
output into a high impedance state. 

DE (Pin 3): Driver Outputs Enable. A high on DE enables 
the driver output. A, B and the chip will function as a line 
driver. A low input will force the driver outputs into a high 
impedance_state and the chip will function as a line 
receiver. If RE is high and DE is low, the part will enter a low 
power (IpA) shutdown state. 


Dl (Pin 4): Driver Input. If the driver outputs are enabled 
(DE high) then a low on Dl forces the outputs A low and B 
high. Ahigh on Dl with the driveroutputs enabled willforce 
A high and B low. 

GND (Pin 5): Ground. 

A (Pin 6): Driver Output/Receiver Input. 

B (Pin 7): Driver Output/Receiver Input. 

Vcc (Pin 8): Positive Supply. 4.75V < Vcc < 5.25V. 
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LTC1481 


FuncTion Titties 


LTC1481 Transmitting 


INPUTS 

1 OUTPUTS 

RE 

DE 

Dl 

B 

A 

X 

1 

1 

0 

1 

X 

1 

0 

1 

0 

0 

0 

X 

z 

z 

1 

0 

X 

Z‘ 

z* 


‘Shutdown mode for LTC1481 


LTC1481 Receiving 


INPUTS | 

OUTPUTS 

RE 

DE 

A-B 

RO 

0 

0 

>0.2V 

1 

0 

0 

<-0.2V 

0 

0 

0 

Inputs Open 

1 

1 

0 

X 

z* 


‘Shutdown mode for LTC1481 


T€ST CIRCUITS 



Figure 1 . Driver DC Test Load 


Figure 2. Receiver Timing Test Load 


3V 



OUTPUT 
UNDER TEST ~J 



LTC1481 * F04 “ 


Figure 4. Driver Timing Test Load #2 
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LTC1481 

stuiTCHino Time uinveFORms 



Figure 5. Driver Propagation Delays 



Figure 6. Driver Enable and Disable Times 



Figure 7. Receiver Propagation Delays 



Figure 8. Receiver Enable and Disable Times 
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LTC1481 


Appucimons inFonmnnon 

Basic Theory of Operation 

Traditionally RS485 transceivers have been designed us- 
ing bipolartechnology because the common-mode range 
of the device must extend beyond the supplies and the 
device must be immune to ESD damage and latch-up. 
Unfortunately, most bipolar devices draw a large amount 
of supply current, which is unacceptable forthe numerous 
applications that require low power consumption. The 
LTC1481 is a CMOS RS485/RS422 transceiver which 
features ultra-low power consumption without sacrificing 
ESD and latch-up immunity. 

The LTC1481 uses a proprietary driver output stage, 
which allows a common-mode range that extends beyond 
the power supplies while virtually eliminating latch-up and 
providing excellent ESD protection. Figure 9 shows the 
LTC1481 output stage while Figure 10 shows a conven- 
tional CMOS output stage. 

When the conventional CMOS output stage of Figure 10 
enters a high impedance state, both the P-channel (PI) 
and the N-channel (N1) are turned off. If the output is then 
driven above Vcc or below ground, the P+/N -well diode 
(D1) or the N+/P-substrate diode (D2) respectively will 
turn on and clamp the output to the supply. Thus, the 
output stage is no longer in a high impedance state and is 
notable to meet the RS485 common-mode range require- 
ment. In addition, the large amount of current flowing 
through either diode will induce the well-known CMOS 
latch-up condition, which could destroy the device. 

The LTC1481 output stage of Figure 9 eliminates these 
problems by adding two Schottky diodes, SD3 and SD4. 
The SchottlQr diodes are fabricated by a proprietary modi- 
fication to the standard N-well CMOS process. When the 
output stage is operating normally, the Schottky diodes 
are forward biased and have a small voltage drop across 
them. When the output is in the high impedance state and 
is driven above V C c or below ground, the parasitic diode 
D1 or D2 still turns on, but SD3 or SD4 will reverse bias and 
prevent current from flowing into the N-well or the sub- 
strate. Thus the high impedance state is maintained even 
with the output voltage beyond the supplies. With no 
minority carrier current flowing into the N-well or sub- 


V 

<! 

pi « 

X 

p SD3 

a 

114 

i 

N1 

it 

>■ — i 

OUTPUT 

r SD4 

► T 

i D2 

1 



LTC1481 -F09 


Figure 9. LTC1481 Output Stage 



Figure 10. Conventional CMOS Output Stage 


strate, latch-up is virtually eliminated under power-up or 
power-down conditions. 

The LTC1481 output stage will maintain a high impedance 
state until the breakdown of the N-channel or P-channel is 
reached when going positive or negative respectively. The 
output will be clamped to either Vcc or ground by a Zener 
voltage plus a Schottky diode drop, but this voltage is well 
beyond the RS485 operating range. This clamp protects 
the MOS gates from ESD voltages well over 2kV. Because 
the ESD injected current in the N-well or substrate con- 
sists of majority carriers, latch-up is prevented by careful 
layout techniques. 
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nppucnnons mFonmnnon 

Low Power Operation 

The LTC1481 is designed to operate with a quiescent 
current ot 1 20pA max. With the d river in th ree-state ice will 
drop to this 1 20pA level. With the driver enabled there will 
be additional current drawn by the internal 12k resistor. 
Under normal operating conditions this additional current 
is overshadowed by the current drawn by the external bus 
impedance. 

Shutdown Mode 

Both the receiver output (RO) and the driver o utputs (A, B) 
can be placed in three-state mode by bringing RE high and 
DE low respectively. In _addition, the LTC1481 will enter 
shutdown mode when RE is high and DE is low. 

In shutdown the LTC1481 typically draws only IpA of 
supply current, jn order to guarantee that the part goes 
into shutdown, RE must be high and DE must be low for 
at least 600ns simultaneously. If this time duration is less 
than 50ns the part will not entershutdown mode. Toggling 
either RE or DE will wake the LTC1481 back up within 
3.5ps. 


Propagation Delay 

Many digital encoding schemes are dependent upon the 
difference in the propagation delaytimes of the driver and 
receiver. Figure 11 shows the test circuit forthe LTC1481 
propagation delay. 

The receiver delay times are: 

I tpLH ~ tpHL I = 13ns Typ, Vcc = 5 V 
The drivers skew times are: 

Skew = 5ns Typ, Vcc = 5V 

1 0ns Max, V cc = 5V, T A = -40°C to 85°C 



Figure 11 . Receiver Propagation Delay Test Circuit 
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FCATURCS 

■ Low Power: lcc 3 120pA Max with Driver Disabled 

■ lcc = 500|jA Max with Driver Enabled, No Load 

■ 1|iA Quiescent Current in Shutdown Mode 

■ Controlled Slew Rate Driver for Reduced EMI 

■ Single 5V Supply 

■ — 7V to 12V Common-Mode Range Permits ±7 V 
Ground Difference Between Devices on the Data Line 

■ Thermal Shutdown Protection 

■ Power Up/Down Glitch-Free Driver Outputs Permit 
Live Insertion or Removal of Transceiver 

■ Driver Maintains High Impedance in Three-State 
or with the Power Off 

■ Up to 32 Transceivers on the Bus 

■ Pin Compatible with the LTC485 

application 

■ Battery-Powered RS485/RS422 Applications 

■ Low Power RS485/RS422 Transceiver 

■ Level Translator 


IMTOL [F&IMSi 

Final Electrical Specifications 

LTC1483 

Ultra-Low Power RS485 
Low EMI Transceiver 
with Shutdown 

May 1994 

DCSCRIPTIOn 

The LTC1483 is an ultra-low power differential line trans- 
ceiver designed for data transmission standard RS485 
applications. It will also meet the requirements of RS422. 
The LTC1483 features output drivers with controlled slew 
rate, decreasing the EMI radiated from the RS485 lines, 
and improving signal fidelity with misterminated lines. 
The CMOS design offers significant power savings over its 
bipolarcounterpartswithoutsacrificing ruggedness against 
overload or ESD damage. Typical q uiescent current is only 
80pA while operating and less than 1 jjA in shutdown. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common-mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. The receiver has a fail-safe 
feature which guarantees a high output state when the 
inputs are left open. 

The LTC1483 is fully specified over the commercial and 
extended industrial temperature range and is available in 
8-pin DIP and SO packages. 


TYPICAL APPUCATIOn 
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LTC1483 


absolute mnximum aatiags 

(Note 1) 

Supply Voltage (Vcc) 12V 

Control Input Voltage -0.5V to Vcc + 0.5V 

Driver Input Voltage -0.5V to Vcc + 0.5V 

Driver Output Voltage ±14V 

Receiver Input Voltage ±14V 

Receiver Output Voltage -0.5V to Vcc + 0.5V 

Operating Temperature Range 

LTC1483C 0°C<T a <70°C 

LTC1483I -40°C<T a <85°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKRG€/ORD€R IHFOAfTIATIOn 


T| Vcc 
Ub 

]D A 
J] GND 


N8 PACKAGE SB PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

TjMax- I25"C,0 JA = 130"C/W(N) 
Tjm»x= 125°C,ejA=. 150°C/W (S) 


TOP VIEW 



ORDER PART 
NUMBER 

LTC1483CN8 

LTC1483IN8 

LTC1483CS8 

LTC1483IS8 


S8 PART MARKING 

1483 

14831 


Consult factory for Military grade parts. 


CLCCTAICAl CHARACTERISTICS V C c = 5V ±5%, (Notes 2, 3) unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VODI 

Differential Driver Output Voltage (Unloaded) 

l O = 0 

• 

5 

V 

VOD2 

Differential Driver Output Voltage (with Load) 

R = 50C2 (RS422) 

• 

2 



V 



R = 2712 (RS485), Figure 1 

• 

1.5 


5 

V 

AVoo 

Change in Magnitude of Driver Differential Output 
Voltage for Complementary Output States 

R = 27 Q or R = 50Q, Figure 1 

• 

0.2 

V 

Voc 

Driver Common-Mode Output Voltage 

R = 27Q or R = 50Q, Figure 1 

• 

3 

V 

A | Voc 1 

Change in Magnitude of Driver Common-Mode 
Output Voltage for Complementary Output States 

R = 27Q or R = 50Q, Figure 1 

• 

0.2 

V 

V| H 

Input High Voltage 

DE, Dl, RE 

• 

2 

V 

V| L 

Input Low Voltage 

DE, Dl, RE 

• 

0.8 

V 

l|N1 

Input Current 

DE, Dl, RE 

• 

±2 

mA 

1 IN2 

Input Current (A, B) 

DE = 0, V cc = 0V or 5.25V, V !N = 12V 

• 



1.0 

mA 



DE = 0, V CC = OV or 5.25V, V !N = -7V 

• 



-0.8 

mA 

Vth 

Differential Input Threshold Voltage for Receiver 

-7V<V C m<12V 

• 

-0.2 


0.2 

V 

AVth 

Receiver Input Hysteresis 

Vcm = 0V 

• 

45 

mV 

VoH 

Receiver Output High Voltage 

l 0 = -4mA, V| D = 200mV 

• 

3.5 

V 

VOL 

Receiver Output Low Voltage 

l 0 = 4mA, V| D = -200mV 

• 

0.4 

V 

•OZR 

Three-State (High Impedance) Output 

Current at Receiver 

V cc = Max, 0.4V l V 0 < 2.4V 

• 

±1 

hA 

Rin 

Receiver Input Resistance 

-7V<V cm <12V 

• 

12 

k Q. 

Icc 

Supply Current 

No Load, Output Enabled 

• 


300 

500 

mA 



No Load, Output Disabled 

• 


80 

120 

rA 

ISHDN 

Supply Current in Shutdown Mode 

DE = 0, RE = V C c 



1 

10 

mA 

l0SD1 

Driver Short-Circuit Current, Vout = HIGH 

-7V<V 0 <;12V 

• 

35 


250 

mA 

l0SD2 

Driver Short-Circuit Current, Vout = LOW 

-7V<V 0 < 12V 

• 

35 


250 

mA 

l0SR 

Receiver Short-Circuit Current 

OV < V 0 < V CC 

• 

7 


85 

mA 
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LTC1483 


SUJITCHffiG CHARACTERISTICS LTC1483, V C c = 5V ±5%, (Notes 2, 3) unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1483 

MIN TYP MAX 

UNITS 

tPLH 

Driver Input to Output 

Rqipp = 54Q, Cli = C|_2 = lOOpF, 

(Figures 3, 5) 


150 2000 

ns 

tpHL 

Driver Input to Output 

• 

150 2000 

ns 

tSKEW 

Driver Output to Output 

• 

100 800 

ns 

tr.tf 

Driver Rise or Fall Time 

• 

150 2000 

ns 

tZH 

Driver Enable to Output High 

C L = lOOpF (Figures 4, 6), S2 Closed 

• 

100 2000 

ns 

tZL 

Driver Enable to Output Low 

C|_= lOOpF (Figures 4, 6), SI Closed 

• 

100 2000 

ns 

tLZ 

Driver Disable Time from Low 

C|_= 15pF (Figures 4, 6), SI Closed 

• 

150 2000 

ns 

tHZ 

Driver Disable Time from High 

Cl = 15pF (Figures 4, 6), S2 Closed 

• 

150 2000 

ns 

tPLH 

Receiver Input to Output 

Rqipp = 54Q, Cli = Cl 2 = 1 0OpF, 

(Figures 3, 7) 

• 

30 140 200 

ns 

tpHL 

Receiver Input to Output 

• 

30 140 200 

ns 

tsKD 

I tpLH “ tpHL 1 Differential Receiver Skew 

• 

13 

ns 

tZL 

Receiver Enable to Output Low 

Crl = 15pF (Figures 2, 8), SI Closed 

• 

20 50 

ns 

tZH 

Receiver Enable to Output High 

Crl = 1 5pF (Figures 2, 8), S2 Closed 

• 

20 50 

ns 

tLZ 

Receiver Disable from Low 

Crl = 15pF (Figures 2, 8), SI Closed 

• 

20 50 

ns 

tHZ 

Receiver Disable from High 

Crl = 15pF (Figures 2, 8), S2 Closed 

• 

20 50 

ns 

flVIAX 

Maximum Data Rate 


• 

150 

kbits/s 

tsHDN 

Time to Shutdown 


• 

50 200 600 

ns 

tZH(SHDN) 

Driver Enable from Shutdown to Output High 

Cl = lOOpF (Figures 4, 6), S2 Closed 

• 

2000 

ns 

tZL(SHDN) 

Driver Enable from Shutdown to Output Low 

Cl = lOOpF (Figures 4, 6), SI Closed 

• 

2000 

ns 

tZH(SHDN) 

Receiver Enable from Shutdown to Output High 

Cl = 15pF (Figures 2, 8), S2 Closed 

• 

3500 

ns 

tZL(SHDN) 

Receiver Enable from Shutdown to Output Low 

Cl = 15pF (Figures 2, 8), SI Closed 

• 

3500 

ns 


The • denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute maximum ratings are those beyond which the safety of 
the device cannot be guaranteed. 


Note 2: All currents into device pins are positive; all currents out ot device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 

Note 3: All typicals are given for Vcc = 5V and Ta = 25°C. 


pm Funcuons 

RO (Pin 1): Receiver Output. If the receiver output is 
enabled (RE low), then if A > B by 200mV, RO will be high. 
If A < B by 200mV, then RO will be low. 

RE (Pin 2): Receiver Output Enable. A low enables the 
receiver output, RO. A high input forces the receiver 
output into a high impedance state. 

DE (Pin 3): Driver Outputs Enable. A high on DE enables 
the driver output. A, B and the chip will function as a line 
driver. A low input will force the driver outputs into a high 
impedance_state and the chip will function as a line 
receiver. If RE is high and DE is low, the part will entera low 
power (IpA) shutdown state. 


Dl (Pin 4): Driver Input. If the driver outputs are enabled 
(DE high) then a low on Dl forces the outputs A low and B 
high. A high on Dl with the driver outputs enabled will force 
A high and B low. 

GND (Pin 5): Ground. 

A (Pin 6): Driver Output/Receiver Input. 

B (Pin 7): Driver Output/Receiver Input. 

V cc (Pin 8): Positive Supply. 4.75V < V cc < 5.25V. 
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Funcuon TABLES 


LTC1483 Transmitting 


INPUTS | 

OUTPUTS 

RE 

DE 

Dl 

B 

A 

X 

1 

1 

0 

1 

X 

1 

0 

1 

0 

0 

0 

X 

z 

z 

1 

0 

X 

z* 

Z‘ 


‘Shutdown mode for LTC1483 


LTC1483 Receiving 

INPUTS ! 

OUTPUTS 

RE DE 

A-B 

RO 

0 0 

>0.2V 

1 

0 0 

<-0.2 V 

0 

0 0 

Inputs Open 

1 

1 0 

X 

z* 


‘Shutdown mode for LTC1483 


T€ST CIRCUITS 

A 


B _ _ 

LTC1483-F01 - - LTC1483 - F02 

Figure 1. Driver DC Test Load Figure 2. Receiver Timing Test Load 



3 V 



Figure 3. Driver/Receiver Timing Test Circuit Figure 4. Driver Timing Test Load #2 
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siuucHinc Time tunveFonms 



Figure 5. Driver Propagation Delays 



Figure 6. Driver Enable and Disable Times 



Figure 7. Receiver Propagation Delays 



Figure 8. Receiver Enable and Disable Times 
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nppucATions mFonmnnon 

Basic Theory of Operation 

Traditionally RS485 transceivers have been designed us- 
ing bipolartechnology because the common-mode range 
of the device must extend beyond the supplies and the 
device must be immune to ESD damage and latch-up. 
Unfortunately, most bipolar devices draw a large amount 
of supply current, which is unacceptable forthe numerous 
applications that require low power consumption. The 
LTC1483 is a CMOS RS485/RS422 transceiver which 
features ultra-low power consumption without sacrificing 
ESD and latch-up immunity. 

The LTC1483 uses a proprietary driver output stage, 
which allows a common-mode range that extends beyond 
the power supplies while virtually eliminating latch-up and 
providing excellent ESD protection. Figure 9 shows the 
LTC1483 output stage while Figure 10 shows a conven- 
tional CMOS output stage. 

When the conventional CMOS output stage of Figure 10 
enters a high impedance state, both the P-channel (PI) 
and the N-channel (N1 ) are turned off. If the output is then 
driven above Vcc or below ground, the P+/N -well diode 
(D1) or the N+/P-substrate diode (D2) respectively will 
turn on and clamp the output to the supply. Thus, the 
output stage is no longer in a high impedance state and is 
not able to meet the RS485 common-mode range require- 
ment. In addition, the large amount of current flowing 
through either diode will induce the well-known CMOS 
latch-up condition, which could destroy the device. 

The LTC1483 output stage of Figure 9 eliminates these 
problems by adding two Schottky diodes, SD3 and SD4. 
The Schottky diodes are fabricated by a proprietary modi- 
fication to the standard N-well CMOS process. When the 
output stage is operating normally, the Schottky diodes 
are forward biased and have a small voltage drop across 
them. When the output is in the high impedance state and 
is driven above Vcc or below ground, the parasitic diode 
D1 or D2 still turns on, but SD3 orSD4 will reverse bias and 
prevent current from flowing into the N-well or the sub- 
strate. Thus the high impedance state is maintained even 
with the output voltage beyond the supplies. With no 
minority carrier current flowing into the N-well or sub- 


Vcc 



Figure 9. LTC1483 Output Stage 


Vcc 



Figure 10. Conventional CMOS Output Stage 

strate, latch-up is virtually eliminated under power-up or 
power-down conditions. 

The LTC1 483 output stage will maintain a high impedance 
state until the breakdown of the N-channel or P-channel is 
reached when going positive or negative respectively. The 
output will be clamped to either Vcc or ground by a Zener 
voltage plus a Schottky diode drop, but this voltage is well 
beyond the RS485 operating range. This clamp protects 
the MOS gates from ESD voltages well over 2kV. Because 
the ESD injected current in the N-well or substrate con- 
sists of majority carriers, latch-up is prevented by careful 
layout techniques. 
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flppucflTions inFonmnnon 

Low Power Operation 

The LTC1483 is designed to operate with a quiescent 
current of 1 20pA max. With the d river in th ree-state Ice will 
drop to this 1 20pA level. With the driver enabled there will 
be additional current drawn by the internal 12k resistor. 
Under normal operating conditions this additional current 
is overshadowed by the current drawn by the external bus 
impedance. 

Shutdown Mode 

Both the receiver output (RO) and the driver outputs (A, B) 
can be placed in three-state mode by bringing RE high and 
DE low respectively. Injddition, the LTC1483 will enter 
shutdown mode when RE is high and DE is low. 

In shutdown the LTC1483 typically draws only IpA of 
supply current, jn order to guarantee that the part goes 
into shutdown, RE must be high and DE must be low for 
at least 600ns simultaneously. If this time duration is less 
than SOnsthe partwill notentershutdown mode. Toggling 
either RE or DE will wake the LTC1483 back up within 
3.5ps. 

If the slow slew rate driver was active immediately priorto 
shutdown, the supply current will not drop to 1 pA until the 
driver outputs have reached a steady state; this can take as 
long as 2.6ps under worst case conditions. If the driver 
was disabled prior to shutdown the supply current will 
drop to IpA immediately. 


Slew Rate and Propagation Delay 

Many digital encoding schemes are dependent upon the 
difference in the propagation delaytimes of the driver and 
receiver. Figure 1 1 shows the test circuit forthe LTC1 483 
propagation delay. 

The receiver delay times are: 

I tpLH ~ tpm I = 1 3ns Typ, Vcc = 5V 

The LTC1483 driver's feature controlled slew rate to reduce 
system EMI and improve signal fidelity by reducing reflec- 
tions due to misterminated cables. 

The drivers skew times are: 

Skew = 100ns Typ, Vcc = 5V 

800ns Max, V cc = 5V, T A = -40°C to 85°C 



Figure 11. Receiver Propagation Delay Test Circuit 
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Final Electrical Specifications 

LT1585 


TECHNOLOGY 4A Low Dropout 

Fast Response Positive Regulator 
Adjustable and Fixed 

June 1994 


FCATURCS 

■ Output Voltage Trimmed to ±1 % 

■ Fast Transient Response 

■ Guaranteed Dropout Voltage at Multiple Currents 

■ Load Regulation: 0.1% Typ 

■ Trimmed Current Limit 

■ On-Chip Thermal Limiting 

■ Standard 3-Pin Power Package 

application 

■ Pentium® Supplies 

■ Power PC Supplies 

■ Microprocessor Supply 

■ Low Voltage Logic Supplies 

■ Battery-Powered Circuitry 

■ Post Regulator for Switching Supply 


LT1585CM, LT1585CT 

Adjustable 

LT1585CM-3.3, LT1585CT-3.3 

3.3V Fixed 

LT1585CM-3.38, LT1585CT-3.38 

3.38V Fixed 

LT1585CM-3.45, LT1 585CT-3.45 

3.45V Fixed 

LT1585CM-3.6, LT1585CT-3.6 

3.6V Fixed 


DCSCMPTIOn 

The LT1 585 is a low dropout three-terminal regulator with 
up to 4A output current capability. The design has been 
optimized for low voltage applications where transient 
response and minimum input voltage are critical. Similar 
to the LT1085, it has lower dropout voltage and faster 
transient response. These improvements make it ideal for 
low voltage microprocessor applications requiringa regu- 
lated 2.5 V to 3.6V output with a 5V to 7V input supply. 

Current limit is trimmed to about 4.5A to ensure adequate 
output current and controlled short-circuit current. On- 
chip thermal limiting provides protection against any 
combination of overload that would create excessivejunc- 
tion temperatures. 

The LT1585 is available in both the through-hole and 
surface amount versions of the industry standard 3-pin 
T0-220 power package. 


Pentium is a registered trademark of Intel Corp. 


TYPICAL APPUCATIOA 

3.3V, 4A Regulator 


V| N £ 4.75V ' 


X 

T 


Cl 

IOjiF 


T 


* REQUIRED FOR STABILITY 


X 


. 3.3V 
4A 


-C2 

T IOpP 

TANTALUM 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

OUTPUT CURRENT (A) 


1585 TA02 
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absolute mnximum rrtirgs 


Vin (No Short Circuit) 7 V 

V| N (Short Circuit) 5.5V 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Operating Junction Temperature Range 

Control Section 0°C to 1 25°C 

Power Transistor 0°Cto 150°C 


PRCKRGE/ORDER IHFORfTlATIOn 


FRONT VIEW 



ORDER PART 
NUMBER 


LT1585CM 


M PACKAGE 
3-LEAD PLASTIC DD 


FRONT VIEW 



LT1585CM-3.3 

LT1585CM-3.38 

LT1585CM-3.45 

LT1585CM-3.6 


FRONT VIEW 


o 

3 = 

2 = 

i : 

T PACKAGE 

3-LEAD PLASTIC TO-220 

FRONT VIEW 

o 

3 : 

2 : 

i : 


M PACKAGE 
3-LEAD PLASTIC DD 


T PACKAGE 

3-LEAD PLASTIC TO-220 


V|N 

VoUT 


ORDER PART 
NUMBER 


LT1585CT 


ADJ 


Vin 

VoUT 

GND 


LT1585CT-3.3 

LT1585CT-3.38 

LT1585CT-3.45 

LT1585CT-3.6 


Consult factory for Industrial and Military grade parts. 


ttCCTRICRl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference Voltage 

LT1585 

Vin - Vout = 3V, Iout = 1 OmA, Tj = 25°C, 


1.238 

1.250 

1.262 

V 



1 0mA < Iout £ 4A, 1 .5 V < V m - V 0 ut < 5.75V 

• 

1.225 

1.250 

1.275 

V 

Output Voltage 

LT1 585-3.3 

Vin = 5V, Iout = 0mA, Tj = 25°C, 


3.270 

3.300 

3.330 

V 



5V < V| N <7V, 0mA < l 0UT <4A 

• 

3.235 

3.300 

3.365 

V 


LT1 585-3.38 

Vin = 5V, Iout = 0mA, Tj = 25°C, 


3.347 

3.380 

3.413 

V 



5V < Vin < 7V 0mA < I 0U t ^ 4A 

• 

3.313 

3.380 

3.447 

V 


LT1 585-3.45 

Vin = 5V, Iqut = 0mA, Tj = 25°C, 


3.416 

3.450 

3.484 

V 



5V < V, n < 7V > 0mA < l 0UT <4A 

• 

3.381 

3.450 

3.519 

V 


LT1585-3.6 

V| N = 5V, Iout = 0mA, Tj = 25°c, 


3.564 

3.600 

3.636 

V 



5V<V| N <7V 0mA < l 0UT <4A 

• 

3.528 

3.600 

3.672 

V 

Line Regulation 


4.75V <V| N <7V, Iout = 0mA, Tj = 25°C 



0.005 

0.2 

% 



2.75V < Vim < 7V (LT1 585), I 0U t =1 0mA, Tj = 25°C 

• 


0.005 

0.2 

% 

Load Regulation 


Vin = 5V, Tj = 25°C, 0mA < I 0 ut < 4A, 

V| N = 5.25V, Tj = 25°C, 0mA < I 0U t ^ 4A (LT1 585-3.6) 

Vin - Vout = 3V, Tj = 25°C, 1 0mA < l 0UT < 4A (LT1 585) 



0.05 

0.3 

% 




• 


0.05 

0.5 

% 

Dropout Voltage 


^Vref = 1%. Iout - 3A 



1.150 

1.300 

V 



aVref = 1%, Iout - 4A 

• 


1.200 

1.400 

V 

Current Limit 

V,n = 5.5V 


4.100 

4.750 


A 
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D Package 
8-Lead Sidebrazed 




D Package 
14-Lead Sidebrazed 
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PACKAGE DIMENSIONS 


D Package 
20-Lead Sidebrazed 



F Package 
20-Lead TSSOP 


f 0.252-0.260* . 

(6.40-6.60) 

20 19 18 17 16 15 14 13 12 11 

nnnnnnnnnni 


0 

yuuuuuuuuu 

1 23456789 10 


0.246-0.256 

(6.25-6.50) 



0.039 

( 1 . 00 ) 

MAX 


ES5553I1 


0.0256 I 
(0.65) 


0.007-0.012 . 


(0.18-0.30) 


0.002-0.006 

(0.05-0.15) 


‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 


F Package 
24-Lead TSSOP 


( 0.303-0.311* , 

(7.70-7.90) 

24 23 22 21 20 19 18 17 16 15 14 13 

nnnnnnnnnnnn 


0 

Himronmnra 

1 2 3 4 5 6 7 8 9 10 11 12 


0.246-0.256 

(6.25-6.50) 


(0.09-0.18) 


i 0.169-0.176* 

(4.30-4.48) 


°Y 

4- \ 



0.020-0.028 

(0.50-0.70) 


77 


0.039 

( 1 . 00 ) 

MAX 




0.0256 I 
(0.65) 

BSC 0.007-0.012 . 


(0.18-0.30) 


0.002-0.006 

(0.05-0.15) 


‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 


F Package 
28-Lead TSSOP 


, 0.378-0.386* , 

(9.60-9.80) 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 


0.246-0.256 

(6.25-6.50) 

0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 



0.039 

( 1 . 00 ) 

MAX 




0.0256 J I 
( 065 )^ 

BSC 

0.007-0.012 

(0.18-0.30) 


0.002-0.006 

(0.05-0.15) 


‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 
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G Package 
20-Lead SSOP 


, 0.278-0.289* 

(7.07-7.33) 

20 19 18 17 16 15 14 13 12 11 

nnnnnnnrmnl 


0 

yyyyyyyyyy 

1 23456789 10 


0.301-0.311 
(7.65 - 7.90) 



*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 


0.068-0.078 

(1.73-1.99) 


r 

— 1 — - 

tu 






iL. 


0.0256 I I 
(0.65) ^ 1 

BSC 0.010-0.015 . 


(0.25 - 0.38) 


0.002-0.008 

(0.05-0.21) 


G Package 
24-Lead TSSOP 


0.318-0.328* 

(8.04-8.33) 


24 23 22 21 20 19 18 17 16 15 14 13 

OMMflll 


0.301-0.311 

(7.65-7.90) 

0 

yyyyyyyyyyyy l 

1 2 3 4 5 6 7 8 9 10 11 12 



0.0256 „ I I 

(0.65) “ ^ 1 

BSC 0.010-0.015 . 


*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 


(0.25-0.38) 


0.068-0.078 

(1.73-1.99) 


I 


tu 




a 



tL 


0.002-0.008 

(0.05-0.21) 
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PACKAGE DIMENSIONS 


G Package 
28-Lead SSOP 


, 0.397-0.407* 

(10.07-10.33) 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 


nflnnFmnnnnnnnni 



0.301 - 
(7.65- 

O 



MMmMUT i 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 



H Package 

8-Lead TO-5 Metal Can 


H Package 

10-Lead TO-5 Metal Can 



THE REFERENCE PLANE AND SEATING PLANE. 


TO 
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PACKAGE DIMENSIONS 


H Package 

3-Lead TO-39 Metal Can 


H Package 

4-Lead TO-39 Metal Can 



H Package 

2-Lead and 3-Lead TO-46 Metal Can 


H Package 

4-Lead TO-46 Metal Can 


H Package 

3-Lead TO-52 Metal Can 
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PACKAGE DIMENSIONS 


J Package 
8-Lead Cerdip 



MOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP/PLATE OR TIN PLATE LEADS. 


J Package 
14-Lead Cerdip 


CORNER LEADS OPTION 
(4 PLCS) 


0.045-0.068 


(1.143-1.727) 
FULL LEAD 
OPTION 


(0.584-1.143) 
HALF LEAD 
OPTION 


0.785 


h- 

(19.939) 

MAX 

w n»i 

[ill fTF| [io| in fil 



13 Lif Til nr UTTiTUr 



(9.779 ± 0.635) 


0.045 - 0.068 


(1.143-1.727) 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP/PLATE OR TIN PLATE LEADS. 


(5.080) 

MAX 


1 1 

0.015-0.060 

n 

— 


— 


— 


— 


— 


— 




L 














(0.381 -1.524) 

i . 


0 . 100 1 0.010 
" (2.540 ± 0.254) 


0.014-0.026 


(0.360-0.660) 


(3.175) 

MIN 
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PACKAGE DIMENSIONS 


J Package 
16-Lead Cerdip 


CORNER LEADS OPTION 
(4 PLCS) 


0.045-0.068 


(1.143-1.727) 
FULL LEAD 
OPTION 



0.023 - 0.045 
(0.584-1.143) 
HALF LEAD 
OPTION 


0.005 I 
(0.127) "n 
MIN 

0.840 

(21.336) * 

| MAX 

ra R5I rrn rrii rfi rm Roi r^i 


/ 
0.025 / , 

(0.635) 

RAD TYP 


t 

0.220 - ( 
(5.588-; 

1 


[mrt^m'nTTiTT^'TiT" 



J16 0694 


J Package 
18-Lead Cerdip 


CORNER LEADS OPTION 
(4 PLCS) 



0.023 - 0.045 
(0.584-1.143) 
HALF LEAD 
OPTION 


0.005 

(0.127) 

MIN 


(0.635) 
RAD TYP 


0.960 

(24.384) 

|^- MAX 



t 

0.220 - 0 
(5.590-7 




0.200 
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J Package 
20-Lead Cerdip 



24-Lead Cerdip 
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PACKAGE DIMENSIONS 


J Package 
28-Lead Cerdip 



K Package 

2-Lead TO-3 Metal Can 


K Package 

2-Lead TO-3 Metal Can 
(60mil Diameter Leads) 
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PACKAGE DIMENSIONS 


N Package 
8-Lead Molded DIP 





‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 

N Package 
14-Lead Molded DIP 



0.770* 

(19.558) 

MAX 

pui rii R 21 im Poi m m 

t 

0.255 ±0.015* 
(6.477 ±0.381) 

1 

) 

III lil LiT LsJ” LgjrLsJ'ljJ 



‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 
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PACKAGE DIMENSIONS 


N Package 
16-Lead Molded DIP 


t 

0.255 ±0.015 * 
(6.477 ±0.381) 



‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 


N Package 
18-Lead Molded DIP 


t 

0,255 ±0.015 * 
(6.477 ±0.381) 

J__ 



‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 
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PACKAGE DIMENSIONS 


N Package 

18-Lead Outline ISO Barrier 





‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 


N Package 
20-Lead Molded DIP 



1.040* 

* (26.416) 

MAX 

.M j«LJ"l H I«1 I«1 H [«] H 

t 

0.255 ±0.015* 
(6.477 ±0.381) 

1 






‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 
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PACKAGE DIMENSIONS 


N Package 
24-Lead Molded DIP 




‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 



MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 


N Package 
28-Lead Molded DIP 




MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm). 
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PACKAGE DIMENSIONS 


R Package 
7-Lead Plastic 



0.165-0.180 


(4.191 -4.572) 


0.059 

(1.499) 

TYP 


0.045 - 0.055 


(1.143-1.397) 
0.004 + 


, A +0.008 
14 -0.004 




0.013-0.023 


(0.330-0.584) 


0.095-0.115 
| jJ2.413-2.921) 

j f 0.050 ±0.012 
(1.270 ±0.305) 



14-Lead Small Outline 
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PACKAGE DIMENSIONS 


SO Package 

16-Lead Small Outline (Narrow) 


0 . 010 - 0.020 
(0.254- 0.508) * 



(0.203-0.254) 

±-J 


■N 


0° - 8° TYP 

tL4 


0.016-0.050 

0.406-1.270 




0.150-0.157 * 

(3.810-3.988) 


0.053-0.069 

(1.346-1.752) 



(0.355-0.483) 


‘THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 


SOL Package 

16-Lead Small Outline (Wide) 




0.093 - 0.104 
(2.362-2.642) 


0.037-0.045 

(0.940-1.143) 

Jl 


0.050 L 

(1.270) 1 1 

TYP 

0.014-0.019 . 


(0.356 - 0.482) 
TYP 




T 


0.004-0.012 

(0.102-0.305) 


NOTE: 

1 . PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. THE PART MAY BE SUPPLIED WITH 
OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 


SOL Package 

18-Lead Small Outline (Wide) 



1 . PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. THE PART MAY BE SUPPLIED WITH 
OR WITHOUT ANY OF THE OPTIONS. 


2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 


SOL Package 

20-Lead Small Outline (Wide) 



1 . PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. THE PART MAY BE SUPPLIED WITH 
OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 


SOL Package 

24-Lead Small Outline (Wide) 




1 2 3 4 5 6 7 8 9 10 11 12 


0.093-0.104 

(2.362-2.642) 


0.050 , I 

(1.270) 

TYP 

0.014-0.019 
(0.356 - 0.482) 


0.037-0.045 

(0. 840- 1.143) 

0.004-0.012 

(0.102-0.305) 


S0L24 0392 


1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. THE PART MAY BE SUPPLIED WITH 
OR WITHOUT ANY OF THE OPTIONS. 


2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 


SOL Package 

28-Lead Small Outline (Wide) 


0.697-0.712 

(17.70-18.08) 

(NOTE 2) 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

□□□□□□□□□nnnnn' 



dddddddddddddd. 


7 8 9 10 11 12 13 14 


0.093-0.104 
(2.362 - 2.642) 


0.037-0.045 
(0.940^1.143) 


0.050 \ 

(1 .270) ~ 1 

TYP 

0.014-0.019 _ 


(0.356-0.482) 




iT 


0,004-0.012 

(0.102-0.305) 


1 . PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. THE PART MAY BE SUPPLIED WITH 
OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 


W Package 

10-Lead Flatpack (Cerpak) 


0.010-0.019* 




0.005 

"(0.127) 

MIN 


(6.350 1 

-9.398) 

t 

0.240-0.260 

(6.096- 

1 

-6.604) 

t 

0.250- 

- 0.370 

(6.350- 

-9.398) 

l 


0.045 
‘(1-143) 

MAX 

NOTES: 

*THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND CLASS OVERRUN. 

* ‘INCREASE DIMENSIONS BY 0.003 INCHES (0.076 mm) WHEN LEAD FINISH A IS APPLIED (SOLDER DIPPED). 


0.003-0.006** 


(0.076-0.152) 


I 0.026-0.045 


(0.660-1.143) 

0.030-0.085 


(0.762-2.159) 


W Package 

10-Lead Flatpack (Bottom Brazed) 


0.290 


0.015-0.022 
(0.381 - 0.559) 


(7.366) 

MAX 


A 

PIN 1 ID ON ^ 
BOTTOM SIDE 


0.050 ±0.005 
(1.270 ±0.1 27) 



0.005 

(0.127) 

MIN 


0.045 

(1.143) 

MAX 


r - 

0.250-0.370 


(6.350- 

■9.398) 




0.240- 

-0.260 


(6.096- 

-6.604) 


i 

0.250- 

-0.370 



(6.350-9.398) 

L_ 


0.045-0.115 

(1.143-2.921) 


0.004 - 0.009 
(0.102-0.229) 


0.030 

(0.762) 

MIN 

\ 

t 

0.125 

(3.175) 

MIN 

\ 

t 

0.030 

(0.762) 

MIN 


0.010 

(0.254) 

MIN 


W10 FLAT PACK 0694 
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PACKAGE DIMENSIONS 


W Package 

14-Lead Flatpack (Bottom Brazed) 


0.390 


0.015-0.022 
(0.381 - 0.559) 


PIN 1 ID ON ^ 
BOTTOM SIDE 


(9.906) 

MAX 



0.050 ±0.005 
(1.270 ±0.127) 


0.005 

(0.127) 

MIN 


0.045 

(1.143) 

MAX 


0.250-0.370 


(6.350- 

-9.398) 

0.240 - 

-0.260 

(6.096 - 

-6.604) 

r 

0.250 - 

- 0.370 


(6.350 - 9.398) 
]_ 


0.045-0.115 

(1.143-2.921) 


0.004-0.009 

(0.102-0.229) 


0.030 

(0.762) 

MIN 

1 

t 

0.125 

(3.175) 

MIN 

t 

0.030 

(0.762) 

MIN 


0.010 

(0.254) 

MIN 

W14 0594 


Y Package 
Mead TO-220 
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PACKAGE DIMENSIONS 


Z Package 
3-Lead TO-92 
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Quality and Reliability Assurance Programs 

Linear Technology Corporation has a wide ranging 
program integrating vendor participation, design 
engineering, and manufacturing to produce the most 
reliable and highest quality linear integrated circuits 
available on the market. Our modern manufacturing 
facility in Milpitas, California is DESC Class S and Class B 
line certified. We have successfully completed over 90 
major OEM quality system surveys to MIL-Q-9858 and 
MIL-l-45208 including achieving several major customer 
quality awards. Our Quality and Reliability Assurance 
Programs are summarized below: 

• Wafer Fabrication — A modern class 1 00 area modu lar 
clean room construction with full environmental 
monitors. Emphasis is placed on statistical quality 
control, CV plots, SEM monitors and on our proprietary 
dual layer passivation system. 

• SPC (Statistical Process Control) — LTC is committed 
to SPC as the cornerstone of our continuous quality 
improvement and Total Quality Management System 
(TOMS) programs. SPC is fully implemented in all 
manufacturing areas. 

• Assembly and End of Line— Incoming inspection of all 
materials and piece-parts, line surveillance and process 
control monitors. 

• Testing — Incoming inspection and acceptance of all 
offshore lots prior to release to test. LTX testers, 
multipass testing with closed loop binning to reduce 
outgoing electrical defective levels. Many “beyond data 
sheet” tests and full temperature QA lot buy-offs are 
performed as standard processing. 

• Traceability — A backside or side mark is placed on all 
units, where space permits, to give information on each 
unit to identify the wafer fab lot, assembly, end of line 
(e.o.l.) and test lots. The information provided exceeds the 
seal week traceability control required by MIL-STD-883. 

• ESD (Electro Static Discharge) — A full program is in 
place from design through manufacturing. Products are 
fully characterized to MIL-STD-883 (Method 301 5) and 
strict controls on handling and packaging are observed. 


• Training and Certification — Operator training has 
been established for all operations and recertification is 
performed every 6 months. 

• Major Change Control — Major change controls are 
in place to notify our customers in accordance with 
MIL-M-38510, LTC internal specifications, or specific 
customer specifications as required. 

• Quality Assurance — Full monitoring and reporting of 
quality data with emphasis on statistical process control 
charts and continuous quality improvement. Refer to 
our section on Quality Assurance Program. 

• Failure Analysis and Reporting — A full analytical lab 
and formal program exists to record, analyze and take 
appropriate corrective action on all returns. A report is 
generated and sent to the customer stating our findings 
and action. 

• Reliability Flows — Linear Technology reliability flows 
include Class S and Class B JAN-38510, Standard 
Military Drawings (SMD), DESC Drawings, 883, R-Flow, 
and Hi-Rel (Source Controlled Drawings). In addition, 
specialized processing such as SEM, PIND and other 
tests can be performed as required. 

• Reliability Monitor — LTC has a unique reliability 
structure built into each wafer that is used to obtain 
rapid feedback on reliability. This data is obtained in less 
than 1 week, versus 40 weeks for a typical reliability 
audit. See the LTC Reliability Program for more details. 
LTC has a comprehensive reliability monitor program 
for plastic packaged devices. A variety of tests are 
performed on every 1 week date code, for every package 
type and lead count and real time feedback to the 
assembly facilities. 

• Reliability Reporting — Data is gathered on a monthly 
basis for selected package/product combinations. This 
data is summarized each quarter and published in a 
Reliability Data Pack showing Operating Life, 85/85, 
HAST, Autoclave, Temperature Cycle, Thermal Shock, 
883 Group C, and 883 Group D summary data. Copies of 
Reliability Data Pack summaries are available by writing 
or calling Linear Technology, 1630 McCarthy Blvd., 
Milpitas, CA 95035, (800) 637-5545. 
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RELIABILITY ASSURANCE 
PROGRAM 


INTRODUCTION 


In 1981, Linear Technology Corporation was founded 
with the intention of becoming a world leader in 
high performance analog semiconductors. To achieve 
this goal Linear Technology Corporation committed itself 
to consistently meet its customers’ needs in four areas: 

□ Functional Value 

□ Quality 

□ Reliability 

□ Service 


Linear Technology Corporation has achieved its primary 
goal and is now focused to achieve 100% customer 
satisfaction. 

This brochure defines the key elements of LinearTechnology 
Corporation’s Reliability Assurance Program which isdivided 
into three groups: 

□ Reliability Planning 

□ Manufacturing for Reliability 

□ Reliability Assessment and Improvement 
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RELIABILITY PLANNING 

Reliability planning takes three forms at Linear Technology 
Corporation (LTC). The first is the establishment of the 
reliability requirements for a product to be released to 
manufacturing. The second is the definition and 
implementation of a predictive reliability system. The third is 
designing for reliability, which includes new product 
development, materials selection, and construction 
techniques. 

We fully realize that the cost of failure in the field is many 
orders of magnitude more than the initial component cost. 
Therefore, the goal of the reliability planning process is to 
provide reliable product to reduce the cost of ownership to 
our customers. 

Reliability Criteria 

A key element of reliability planning is LTC’s internal 
specification entitled “Quality Assurance/Reliability 
Assurance Qualification Requirement” Itcontainsacomplete 
description of the interrelationships of the various groups 
involved in meeting LTC’s reliability objectives and defines 
the guidelines for release decisions which affect quality and 
reliability of the device. 

Predictive Reliability System 

LTC has developed a predictive reliability system which 
combines quality and reliability information in a database to 
provide reliability summaries and trend analysis. A block 
diagram of the system is shown on this page. 

Designing for Reliability 

Considerable planning goes into the design of LTC’s products. 
This planning includes device layout considerations, selection 
of input and output protection schemes, selection of fab 
processing technology, and specification of materials and 
manufacturing techniques. 

A stringent set of bipolar and CMOS design rules have been 
established to enhance reliability and optimize 
manufacturability through robust design. At the design 
stage, the reliability of the circuit is heavily dependent 
on layout considerations. The rules for thickness and width 
of metallization have been defined to minimize the current 
density and prevent electromigration. Current density 
calculations are required to be performed on all products to 
ensure that the designs are conservative. The routing of the 
metal pattern is designed to eliminate potential inversion or 
leakage failures and guard ring structures are used where 
appropriate. The positions of bonding pads are carefully 


selected to optimize device performance and also to fit easily 
into a variety of packages without creating potential bond 
loop problems that could result in shorted wires. 

The Predictive Reliability System 



1 Customer 

I Qualifications 


Customer 

Product 

Change 

Notification 



I Reliability 

1 Summary 

1 Data Reports 


II Quarterly 
| Reliability 
l| Data Pack 


1 Failure 

I Rate 

1 Estimates 


I Trend 

I Analysis 


I Corrective 

I Actions 


1 Preventive 

I Actions 


The thermal layout of our circuits also receives considerable 
attention to minimize parametric drift and optimize 
performance. In the case of voltage regulators, for any given 
power dissipation there will be some temperature difference 
between the power transistor and the control circuitry, due 
to their separation on the die. This temperature difference is 
a desirable situation which is used to reduce the power 
transistor’s temperature affect on the control circuitry. 
Additionally, the power transistor has a higher maximum 
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RELIABILITY ASSURANCE PROGRAM 


junction temperature rating than that of the control circuitry 
and may be allowed to run warmer without degradation. 
Such LTC products are also designed for maximum efficiency 
to reduce power dissipation and thereby improve reliability 
and reduce the cost of heat sinking in the customer’s 
product. 

All of our voltage regulators include thermal limiting in the 
circuitry to shut down the device if the temperature exceeds 
the safe operating conditions. Additional insurance is provided 
by employing short circuit current protection to safeguard 
against catastrophicfailure. The philosophy of incorporating 
fault tolerant designs with innovative circuit protection 
concepts is a fundamental design rule at LTC. 

Thermal Resistance Model of LTC’s Voltage Regulators 


CONTROL CIRCUITRY POWER TRANSISTOR 


SILICON DIE 


vvv 

: 4 




R ejc Re JC 

(Control Circuitry) (Power Q) 


Another major design consideration in circuit reliability is 
tolerance to electrostatic discharge (ESD) and electrical 
overstress (EOS). ESD is a problem encountered both in 
normal handling and circuit assembly. It also affects the 
reliability of the final product when cables are exposed to 
ESD such as in line drivers and receivers. 

The implementation of ESD protection structures in linear 
integrated circuits is much more difficult than in digital 
circuits. The linear circuit must provide protection for electrical 
overstress while maintaining the ability to measure current 
levels in the picoamp range. Interface circuits have input and 
output connections that normally operate at voltages in 
excess of the power supply, thereby precluding the use of 
clamp structures to the power supply for ESD protection. 
LTC, using a combination of circuit design and proprietary 
structures, provides high levels of overstress immunity to its 
devices which enhances their reliability. As a goal , all devices 
are designed for a minimum of 2,000 volts ESD protection 
with some devices achieving 5,000 volts to 1 0,000 volts ESD 
protection. 


Linear circuits with total supply currents in the microamp 
range cannot tolerate leakages induced by contamination. 
Whether the circuit is Bipolar, CMOS or Complementary 
Bipolar, the circuit must withstand high operating voltage 
and hightemperatureforthousandsof hours without leakage 
currents degrading device performance. LTC uses advanced 
process techniques to shield the die from sodium 
contamination while preventing electron accumulation 
causing surface inversions. This, combined with continuous 
monitoring of the assembly process, ensures high reliability 
devices. 

LTC utilizes state-of-the-art processes in manufacturing its 
products. Our high voltage Bipolar process provides high 
gain, low noise general purpose devices as well as high 
power integrated circuits. CMOS can provide high complexity 
ICs with a large digital content. Complementary Bipolar, a 
new process developed in-house by LTC, provides high 
speed NPNs and PNPs on the same monolithic die. 
Complementary Bipolar enables an expanded product range 
for linear circuits and is suitablefor very high speed amplifiers, 
general purpose linear signal processing or even high speed 
D/A converters. All of these products are characterized by 
high reliability, low power consumption and the ability to 
operate from a wide range of power supplies and over a wide 
range of ambient temperatures. 

LTC’s Process Structures 



4 



7 


1. N-Well CMOS/BiCMOS 

2. Poly J-FET 

3. High Speed Bipolar 

4. Complementary Bipolar 

5. Super Beta Structure 

6. BiFET Structure 

7. Silicon Gate CMOS Structure 


15-6 


rr uncAB 

TECHNOLOGY 





RELIABILITY ASSURANCE PROGRAM 


In order to ensure that device performance and reliability 
goals are achieved on new products, design review meetings 
are held regularly during the design and development phase. 

Material Selection 

LTC has selected assembly processes and materials that are 
closely matched to achieve the highest reliability level in both 
ultra precision and high power devices. Compatibility between 
the different package elements, such as the molding 
compound and lead frame, are carefully researched and 
qualified. The choice of materials and assembly processes 
are especially critical in surface mount devices, which must 
maintain reliability after being subjected to harsh board 
soldering environments. At LTC we are using the latest state- 
of-the-art assembly equipment and materials to guarantee 
reliability. Our low stress epoxy molding compound is 
extremely low in ionic impurities. 

Similar improvements have been made in hermetic packages 
in the modern low temperature glass ceramic seals and 
improved die attach materials. 

LTC’s Dual Layer Passivation System 



OXIDE 


SILICON 

1 . Contamination Free Passivation Oxide ' 

2. Conformal Oxide Underlayer 

3. Plasma Nitride Top Layer 


To protect the die from degradation before assembly, and 
from the long term effects of the package environment, LTC 
has developed a proprietary dual layer passivation. This dual 
layer passivation system is free from cracks and pinhole 
defects and offers an outstanding moisture barrier without 
detrimental side affects to device performance. 

Design of Experiments 

LTC is committed to the use of design of experiments (DOE) 
when developing new products and processes. We firmly 
believe that design of experiments will be the new industry 
standard for product and process development. 

DOE has been successfully utilized on numerous products 
and processes at LTC. DOE, coupled with response surface 
methodology, has provided LTC the ability to solve complex 
problems that were previously unsolvable. We have used 
DOE to characterize wafer fab processes and provided this 
information to our 1C designers which enabled them to 
produce devices that were less sensitive to manufacturing 
variations. 

Response Surface Model of 
PIND Yield after Welding Operation 
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MANUFACTURING FOR RELIABILITY 


LTC is keenly aware of the influence which the manufacturing 
process has on the quality and reliability of the finished 
product. For this reason, LTC has placed critical emphasis 
on the manufacturing facility and associated process controls. 
LTC’s claims of outstanding manufacturing capability and 
controls are validated by the fact that we achieved Class S 
Certification by DESC in November of 1987. 

LTC’s strategy in manufacturing for reliability includes the 
use of automated state-of-the-art equipment, protection of 
the product as it moves through manufacturing, effective 
inspection and screening, device traceability and statistical 
process control. These and other similar tight controls are 
applied from wafer fabrication through product shipment. 

Wafer Fab 

In wafer fabrication, the key to a reliable process is process 
control. Two major thrusts of process control in the wafer 
fab are the application of statistical process control (SPC) 
and the use of automated processing equipment. Automated 
equipment employing cassette-to-cassette wafer transfer, 
proximity mode aligners and projection steppers have 
significantly reduced handling related defects. 


Projection Stepper 



Microprocessor controlled furnaces are used to eliminate 
the effects of process variations and human errors. Thin film 
processing employs fully automated sputtering and metal 
etch systems. 


Automated Metal Etch System 



All of these equipment enhancements work togetherto yield 
a process that is consistent and repeatable with a minimum 
of wafer handling. Quality control monitors and inspections 
at various points in the process, coupled with the use of 
control charting throughout the fab area, ensure consistent 
processing. The quality of the oxide is checked regularly 
using C-V plots to checkfor contamination and surface state 
anomalies. Scanning electron microscope inspection is 
performed periodically each day to ensure the integrity of the 
metallization system. 

Assembly 

The introduction of new equipment and techniques in 
the assembly process has had a tremendous impact on 
device reliability. The use of automated equipment has 
reduced the handling and subsequent damage of die and 
wafers. In situations where die or wafers must be handled, 
vacuum wands and vacuum pens have replaced tweezers 
and thereby decreased damage due to scratches. Automated 
wire bonding machines have produced more consistent wire 
bonding quality and improved productivity. 

All products receive a thorough visual inspection per Mil- 
Std-883 Method 2010 Condition B or an equivalent visual 
criteria prior to encapsulation. 
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RELIABILITY ASSURANCE PROGRAM 


High Speed Automatic Bonder 



Traceability 

LTC has an outstanding traceability control system. Abackside 
mark or a side mark is used to code information including 
the country of assembly, assembly facility, exact assembly 
lot seal date, wafer fab lot, die type and revision. Additionally, 
this backside mark will identify any non-standard processing 
which may have been required using a custom flow. At the 
wafer level, each wafer is laser scribed to include the fab 
run numberand wafer serial number. Thistraceability benefit 
is offered as a standard feature on all packages where space 
allows and is part of the “added value” of LTC products. 


Traceability Control Using Backside Mark 
or Side Mark Coding 



To enhance traceability, LTC is using the latest state-of-the- 
art document archival system. This computerized system 
incorporates a document scanner which digitizes and 
compresses documents to be stored on optical disks. As the 


documents are stored, their ID number, date, and 
classification are recorded in the system’s database to 
facilitate retrieval. This system allows fab travelers, test 
travelers and other critical documents to be retrieved in 
minutes as opposed to hours or days. 


Optical Disk Archive System 



Reliability Screening 

Although our standard product families are recognized 
for their very low infant mortality, customer requested 
additional reliability screening can be provided by LTC. This 
added reliability screening for commercial or industrial level 
products is offered for both hermetic and plastic devices 
and is designated as our “R” flow process signified by a 
/R symbol as a suffix to the part number. 

The “R” flow includes temperature cycle, burn-in and QA 
testing at 0°C, +25°C, and +70°C. A simplified flowchart of 
the “R” flow is shown in Table 1 at the end of this brochure. 
The hermetic devices are also offered as JAN Class S or 
Class B, Standardized Military Drawings (SMDs) and also 
as Mil-Std-883 devices. 

LTC offers a cost effective reliability screen for hermetic 
product using the Mil-Std-883 screening and quality 
conformance inspection. This flow is defined in our “Mil- 
Std-883” brochure and depicted in a brief flow diagram 
shown in Table 2 at the end of this brochure. 

The Mil-Std-883 burn-in at 125°C for 160 hours is roughly 
equivalent to 80,000 hours or approximately 9 years of 
continuous operation at a normal operating temperature of 
around 55°C (Assuming an activation energy of 1 .0 electron 
volts). 
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Whether testing plastic or hermetic devices, the engineers at 
LTC routinely add tests in addition to the standard data sheet 
tests. These added tests are used to detect potential flaws 
that could impact reliability and provide additional device 
compatibility with subtle application related performance 
characteristics. Examples of such additional tests are the 
exercising of thermal shutdown mode of regulators prior to 
burn-in or the stressing of on-chip capacitors with voltages 
in excess of the device maximum rating to induce failure in 
substandard lots. 

Data sheet electrical parameters are measured before and 
after the specified stress testing to ensure the electrical 
integrity of the devices. 

Statistical Process Control 

At LTC we believe that quality and reliability should be built 
into a product as opposed to simply screening out bad 
devices. Statistical Process Control (SPC) is ideally suited to 
our manufacturing goals. SPC has enabled us to run 
processes with uniform and centered distributions which 
have not only optimized yields, but have also produced a 
finished product that is rugged and reliable. 


Example of Control Chart for SOIC Coplanarity 



Control charting at all critical processes is used to identify 
the need for corrective action before an out of control 
situation occurs, thus reducing the overall process variation. 
LTC has an active SPC program. The generic process from 


wafer fabrication through shipping has been flow charted 
with critical nodes defined. The Control Plan Detail outlines 
the various attributes of the activities surrounding that 
particular activity. Organization for SPC is comprised of the: 

□ Steering Committee 

□ SPC Quality Control Teams (QCTs) 

□ Process/Preventive Action Teams (PATs) 

The Steering Committee provides the leadershipforthe SPC 
process, while the QCTs are responsible for the 
implementation and maintenance of SPC within their 
respective operational groups. PATs are formed by the QCTs 
to implement certain initial or corrective measures with 
specific stated goals, using SPC tools. There are four QCTs 
in place: 

□ Wafer Fab 

□ Quality and Reliability 

□ Local Assembly 

□ End-of-Line (which includes Test, Mark, Pack, 
Product and Test Engineering) 

Since by definition, a PAT functions until its stated goal is 
attained, their number and tasks are constantly changing. 
We have had as many as 23 active PATs which include 
operators and maintenance personnel. 

T raining is provided in-house for a majority of the Company’s 
employees, who receive test materials and 1 35 to 279 hours 
of instruction in one or more of the following courses: 

□ Basic SPC 

□ Advanced SPC 

□ Design of Experiments 

□ Team Organization 

An important aspect of the SPC program at LTC involves the 
use of Design of Experiments to solve specific problems, 
develop new products/processes, and characterize new 
products and/or processes. 

LTC is driving SPC beyond our own factory. A Preferred 
Supplier Program has been implemented with our raw 
materials suppliers, wherein parameters deemed critical to 
the manufacturing process at LTC are controlled statistically 
by the raw material supplier. Evidence of this control is 
supplied to LTC on a regular basis. This system of customer- 
supplier cooperation ensures the integrity of the materials 
and maintains a mutual focus on improvement. 
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RELIABILITY ASSESSMENT 
AND IMPROVEMENT 

LTC combines a traditional approach to reliability which 
incorporates product qualification and long term reliability 
assessment with a “leading edge” approach, which 
incorporates wafer level reliability testing and in line assembly 
reliability monitoring. 

Qualification Testing 

Before a new product can be released to production, strict 
qualification testing requirements must be met. These same 
qualification requirements apply to new processes, new 
materials, new designs and major changes in any of these 
areas. The guidelines for qualification of process or product 
changes are detailed in Mil-M-38510. At LTC we adhere to 
those guidelines and in many cases impose additional 
testing per our own requirements. Examples of some of the 
qualification tests which are used by LTC are shown in Table 
3 at the end of this brochure. 

As part of new product qualification, LTC performs ESD 
sensitivity classification testing of devices to Method 3015 
of Mil-Std-883. This ESD sensitivity testing uses both the 
human body model and the machine model. During this 
rigorous testing, every pin combination on at least 3 devices 
is subjected to 3 positive pulses followed by 3 negative 
pulses at the specified voltage increment with a 1 
second cool down period between pulses. Following this 
ESD testing, the device is tested for opens or shorts on a 
curve tracer and then must pass the full data sheet limits 
on the automatic test equipment. 

Additionally,forCMOS circuits, latch-uptesting is performed 
on every pin to determine the device’s ability to source or 
sink current without destructive latch-up. We require new 
LTC products to handle increasingly high currents without 
latch-up and subsequently meet all data sheet parameters. 

Reliable radiation hardened devices are produced by LTC 
using a proprietary process technology designed to meet or 
exceed 1 00k RADS total dose. Qualification testing of these 
devices using a Cobalt 60 source has demonstrated excellent 
results on a number of products. Data sheets for our RAD 
hard product line are available from your local sales 
representative. 


Wafer Level Reliability Assessment 

As an additional reliability control, LTC has innovated a 
strategy for auditing the wafer fab process. Diagnostic 
structures, in addition to the device structures, are specifically 
designed as either Bipolar or CMOS reliability test patterns 
and are stepped into all wafers. These structures are tested 
during fabrication using a parametric analyzer. Then these 
test vehicles are used to investigate and detect potential yield 
and reliability hazards after assembly. 

The Bipolar Process version of this structure is optimized to 
accelerate, under temperature and bias, the two most 
common failure mechanisms in linear circuits, namely mobile 
positive ions and surface charge-induced inversions. This 
threeterminal structure isscribedfromawaferand assembled 
in an either hermetic or plastic package. These devices are 
burned-in for a predetermined temperature and time. The 
same structures becomes sensitive to either failure 
mechanism depending upon the bias scheme used during 
burn-in. A limit is defined for the leakage current change 
during burn-in; a failure indicates a wafer fab problem which 
will be addressed by the process engineering group. 

The CMOS Process version allows measurements of 
thresholds of various sizes and kinds of N-Channel and 
P-Channel MOSFETs. Body effects, L effective, sheet 
resistance, zener breakdown voltage, contact metal resistance 
and impact ionization current are measurable with this chip 
which is assembled in a twenty lead DIP. 

Bipolar Test Pattern 
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Electrical testing is performed on the structure before and 
after burn-in. After evaluating any sample population shifts 
orfailures, process engineering is appraised of the results of 
this process monitor. 

The use of test patterns allow any device to be monitored and 
also gives faster unambiguous feedback than is normally 
achieved by performing reliability testing on assembled 
product. Reliability data is generated in less than one week, 
giving immediate feedback to the production line. 

LTC utilizes this new reliability control technique in addition 
to the conventional reliability audit on randomly pulled 
finished product. Operating Life tests are performed and the 
distributions of key parameters before and after testing are 
evaluated for stability and control. 

Quick Reaction Reliability Monitor 

As a complement to the wafer level reliability program, a 
monitor program focused on assembly related issues has 
been fully implemented. This reliability monitor program, 
known as the QUICK REACTION RELIABILITY (QR 2 ) monitor, 
has been specifically tailored to provide quick feedback of 
reliability assessment of the assembly operation. The tests 
in the QR 2 program are designed to identify reliability 
weaknesses associated with wire bonding, dieattach, package 
encapsulation and contamination related failures. The actual 
tests performed in the QR 2 Monitor Program are shown in 
Table 4 at the end of this brochure. 

In order to ensure that representative reliability assessment 
is made, the QR 2 sampling matrix requires QR 2 testing of 
every date code from each assembly location on each 
package type and lead count from that assembly location. 
This provides a weekly snapshot of the reliability of all 
packages from all assembly locations. The basic strategy is 
to evaluate as many production lots as possible to provide 
maximum confidence to our customers. 

Should a failure occur during QR 2 testing, the entire 
production lot is impounded before shipment. Failures are 
analyzed to determine validity and the root cause of any valid 
failure. Quite often, additional samples are pulled and tested 
for an extended period of time. Lots with substandard 
reliability performance are scrapped. The data generated 
from this program is used to establish a program for 
continuous quality improvement with ourassembly facilities. 


Long Term Reliability Monitor 

LTC also conducts a traditional long term reliability monitor 
program on devices pulled from Boxstock. This long term 
reliability monitor is used for extended life and end of life 
approximations such as FIT (failure in time) calculations. 
The long term reliability monitor also serves as a check 
against our short term reliability estimates. 

The long term reliability tests are designed to evaluate 
design, waferfab and assembly related weaknesses. Industry 
standard reliability tests and the relatively new HAST (highly 
accelerated stress test) have been incorporated into this 
program. The long term reliability monitor tests are shown 
in Table 5 at the end of this brochure. 

The most severe tests for plastic package devices are 
thetemperature and humidity tests, particularly HAST testing. 
We have included HAST testing in the long term reliability 
monitor program due to the highly accelerated nature of the 
this test. This test accelerates the penetration of moisture 
through the external protective encapsulant or along the 
interface between the encapsulant and the metallic lead 
frame. Additionally, the HAST test is conducted with the 
device under bias. The HAST test places the plastic devices 
in a humid environment of 85% relative humidity under 
45psi of pressure at 1 30°C to 1 40°C. Underthese conditions, 
24 hours of HAST testing at 140°C is roughly equivalent to 
1 ,000 hours of 85°C/85% RH testing. The employment of 
HAST testing has dramatically reduced the length of time 
required for qualification. 

Qua! Samples Being Loaded into the HAST System 
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Acceleration Factor Using HAST Compared to 85/85 



85 95 105 115 125 135 145 

TEMPERATURE 
(Degrees Centigrade) 

Group C and D Testing 

Since LTC is a certified producer of JAN 38510 and 883 
product, we perform Group C and D testing regularly on our 
devices. This data is also incorporated into the reliability 
datapack in the back of this brochure. The Group C and D test 
lists are shown in Tables 6 and 7 at the end of this brochure. 

Failure Analysis and Corrective Action 

LTC is extremely concerned with all failures whether they 
occur in-house or at a customer location. We have focused 
significant resources in the area of failure verification and 
analysis. 

LTC offers failure analysis services to its customers, free of 
charge. In an emergency situation a preliminary failure 
analysis report can be issued within 24 hours. Our failure 
analysis database revealed that the vast majority of all 
devices returned for failure analysis are invalid due to 
improperapplication, gross misuse orthey arefully functional 
and meet all data sheet parameters. LTC also offers 
outstanding applications assistance to help the customer 
achieve the full value of our products. 


Scanning Electron Microscope with 
X-RAY Dispersive Analysis 



We are equally concerned with failures that are identified 
during reliability and qualification testing. As with field 
failures, the in-housefailuresareanalyzed in detailto pinpoint 
the exact failure mechanism and to identify the root cause. 
In many cases, where ESD or EOS is the suspected cause of 
the failure, fault simulation is carried out by over stressing 
good devices to recreate the fault condition. 

LTC has invested in failure analysis resources in the form of 
experienced, seasoned engineers and equipment such as a 
full metallurgical lab, 1C deprocessing equipment and a 
scanning electron microscope with voltage contrasts, electron 
beam induced current (EBIC), energy dispersive x-ray analysis 
(EDAX), and a computerized database. 

All failure analysis reports are documented in detail and 
distributed appropriately. All valid failure analyses require 
prompt and effective corrective action which is driven to 
completion by the quality and reliability organization. 

Corrective actions are implemented in accordance with 
LTC’s internal document “Corrective Action Procedure” 
which details the method and responsibilities for timely 
corrective action. This procedure is summarized in aseparate 
brochure which is available to our customers upon request. 
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Typical Failure Analysis Flow 



Failure Rate Calculations 

Failure rates at LTCare calculated using Mil-Std-690B which 
is based upon the exponential distribution model for 
predicting microelectronic device reliability. Examples of FIT 
and MTBF (mean time between failure) are shown in the 
sample calculation below. 

Sample Calculation: 

Step 1 . Calculate Failure Rate at Test Condition 
(+150°C). 

Assume 77 units on Op-Life for 1 000 hours with 0 failures: 

Device Hours at Test Condition = 77 Units x 1 000 Hours 
equals 77,000 Device Hours at +150°C 


Fail Rate = 


Value from Table A-1(Mil-Std-690B) 
Device Hours 


= = 1 .1 9% IK Hou rs (1 1 ,900 FITS) 

77,000 


The Arrhenius model is used to extrapolateafailure rate from 
an accelerated test condition to a use temperature condition. 

Step 2. Calculate Acceleration Factor and Extrapolate 
Equivalent Failure Rate to +55°C. 


A f= Acceleration Factor 


A /=e K U V 

r_ji_v_L_ n 

A / = e V 0.0000863 J 1 328 423 j 
A/= 2791 
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Where: 

E a = Activation Energy (Assume 1 .0 eV) 

K = Boltzmann’s Constant = 8.63 X 10~ 5 eV/°Kelvin 
T 2 = Test Condition Temperature in °Kelvin 
T-i = Use Condition Temperature in °Kelvin 
e = 2.71828 (Natural Antilog) 

Now the equivalent failure rate is calculated: 


FailureRate (+55°C) 


Failure Rate at Test Condition 
Acceleration Factor 


11,900 FITS 
2791 


= 4.2637 FITS 
Finally MTBF is calculated: 

MTDC 100000 234,700,000 Hours 

MTBF = = : : 

0.000426 or 26, 778 Years. 


Reliability Datapack 

On a quarterly basis, the reliability department compiles and 
publishesa report which summarizesall the reliability testing 
results. This report is intended to provide our customers 
with a means of determining system reliability. The data is 
presented at +150°C and at +125°C for those customers 
who wish to perform their own failure rate calculations. This 
report can befound in the pocket in the back of this brochure. 

In addition, upto the minute reliability summary data reports 
on particular devices can be generated from the computerized 
reliability database. ESD simulation testing reports and 
current density calculations of individual device types are 
also available upon request. 

Should you desire additional information, please contact 
your local LTC representative. 
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Table 1. “R” Flow for Plastic Dual-ln-Line Packages 



Table 2. Screening Flow per Mil-Std-883, Method 5004 


INTERNAL VISUAL 

Method 2010 
Condition B 
100 % 


STABILIZATION BAKE 

Method 1008 
Condition C 
100 % 


TEMPERATURE 

CYCLING 

Method 1010 
Condition C 
10 Cycles 
-65°C to +1 50°C 
100% 


CONSTANT 

ACCELERATION 

Method 2001 
Condition E 
30K G’s Y1 Axis 
(TO-3 Pkg at 20K G’s) 
100% 



BURN-IN 

Method 1015 
160 hrs at 125°C | 
(or Equivalent) 
100 % 


FINAL ELECTRICAL 

+25°C DC (per LTC 
Data Sheet) 

PDA = 5% 

+125°C or +150°C DC 
-55°C DC 
+25°C AC 
100% 


QA ACCEPTANCE 
Method 5005 
Group A (Sample/Lot) I 
Group B (Sample/Lot) | 

Group C (Sample 
Every 3 Months per 
Generic Group) 
Group D (Sample 
Every 6 Months per 
Package Type) 

r 

EXTERNAL VISUAL 

Method 2009 
100% 


15-16 


jjrmm 























RELIABILITY ASSURANCE PROGRAM 


Table 3. Reliability Qualification Test Guidelines for Plastic Packages 


TEST 



METHOO 

' ; 

CONDITIONS 


FULL 

RELEASE 

DURATION 

CONTINGENT 

RELEASE 

DURATION 

FULL AND 
CONTINGENT 
RELEASE 
LTFD 

High Temperature B 
Operating Life (Op-L 

as 

ife) 

Mil-Std-883 
Method 1005 

Continuous Operation at Max Rated 

Supply Voltage 

TA = +125°Cor 

T a = +150°C 

1000 Hours 
500 Hours 

500 Hours 
168 Hours 

5%, Acc = 0 
5%, Acc = 0 

Temperature Humidity 

Bias Life (85/85) 

JEDEC Spec 22 

Continuous Operation at Max Rated 

Supply Voltage, Min Supply Current 

T a = +85°C, 85% RH 

1000 Hours 

500 Hours 

5%, Acc = 0 

Highly Accelerated Stress 
Test (HAST) 

JEDEC Spec 22 

Continuous Operation at Max Rated 

Supply Voltage, Min Supply Current 

T a = +140°C, 85% RH, 3 Atmospheres 

Equivalent to 
1000 Hours 
85/85 

Equivalent to 
500 Hours 
85/85 

5%, Acc = 0 

Temperature Cycle (T/C) 

Mil-Std-883 
Method 1010 
Condition C 

Air-to-Air, - 65°C to +1 50°C, 

>10 Minutes Dwell Time 

1000 Cycles 

500 Cycles 

5%, Acc = 0 

Thermal Shock (T/S) 

Mil-Std-883 
Method 1011 
Condition C 

Liquid-to-Liquid, -65°C to +125°C, 

> 5 Minutes Dwell Time 

1000 Cycles 

500 Cycles 

5%, Acc = 0 

Autoclave (Pressure Pot 
with Bias) (BPPT) 

JEDEC Spec 22 

Continuous Storage at T A = +1 05°C, 

100% RH, 1.67 Atmospheres, Max Rated 
Supply Voltage for the Last 3 Hours 

350 Hours 

350 Hours 

5%, Acc = 0 

Autoclave (Pressure Pot 
without Bias) (PPT) 

JEDEC Spec 22 

Continuous Storage at T A = +121°C, 

100% RH, 2 Atmospheres 

350 Hours 

350 Hours 

5%, Acc = 0 

Power Cycle (PW) 
Regulators Only 

Mil-Std-883 
Method 1006 

Power Cycled “ON” and “OFF” as 

Required to Cycle Case Temperature 
Between +60°C and +120°C 

50,000 Cycles 

10,000 Cycles 

15%, Acc = 0 

Thermal Resistance 
(TMLR) 

Mil-Std-883 
Method 1012 
Condition C 

Junction to Case or Junction to 

Ambient as Appropriate 

N/A 

N/A 

15%, Acc = 0 

Dye Penetrant (DY) 

Mil-Std-883 
Method 1014 

Immersion in Dye Penetrant at 60 PSIG 
for 2 Hours Minimum 

N/A 

N/A 

15%, Acc = 0 

X-Ray Inspection 
Radiography (XRAY) 

Mil-Std-883 
Method 2012 

Top View Only 

N/A 

N/A 

15%, Acc = 0 


XTUDHB 
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Table 4. Quick Reaction Reliability (QR 2 ) Monitor Program 


TEST 

METHOD 

CONDITIONS 

TEST 

DURATION 

SAMPLE 

SIZE 

LTPD, 

ACC NO. 

Operating Life Test 
(Op-Life) 

Mil-Std-883 
Method 1005 

Continuous Operation at Max Rated 

Supply Voltage, T A = +125°C or 

T A = +150°C 

168 Hours 

45 

5%, Acc = 0 

Biased Moisture Life Test 
(85/85) 

or 

JEDEC Spec 22 

Continuous Operation at Max Rated 

Supply Voltage, Min Supply Current, 

T a = +85°C, 85% RH 

168 Hours 

45 

5%, Acc = 0 

Highly Accelerated Stress 
Test (HAST) 

JEDEC Spec 22 

Continuous Operation at Max Rated 

Supply Voltage, Min Supply Current, 

T a = +140°C, 85% RH, 3 Atmospheres 

48 Hours 

45 

5%, Acc = 0 

Temperature Cycle (T/C) 

Mil-Std-883 
Method 1010 
Condition C 

Air-to-Air, — 65°C to +150°C, 

>10 Minutes Dwell Time 

100 Cycles 

45 

5%, Acc = 0 

Thermal Shock (T/S) 

Mil-Std-883 
Method 1011 
Condition B 

Liquid-to-Liquid, - 65°C to +1 50°C, 

>5 Minutes Dwell Time 

i 

100 Cycles 

45 

5%, Acc = 0 

Autoclave (Pressure Pot 
without Bias) (PPT) 

JEDEC Spec 22 

Continuous Storage at T A = +1 21 °C, 

100% RH, 2 Atmospheres 

48 Hours 

45 

5%, Acc = 0 

X-Ray Inspection 
Radiography (XRAY) 

Mil-Std-883 
Method 2012 

Top View Only 

N/A 

45 

5%, Acc = 0 

Package Separation 

Visual Inspection 

N/A 

30X Magnification 

N/A 

45 

5%, Acc = 0 

Unmolded Strip 

Evaluation 

N/A 

30X Magnification 

N/A 

1 Strip 

N/A 

Hot Intermittent Opens 

Test at Subcontractor 

N/A 

Automated Electrical Test at +1 25°C 

N/A 

250 

N/A 


Table 5. Long Term Reliability Monitor Program 


TEST 

METHOD 

CONDITIONS 

TEST 

DURATION 

SAMPLE 

SIZE 

LTPD, 

ACC NO. 

Operating Life Test 
(Op-Life) 

Mil-Std-883 
Method 1005 

Continuous Operation at Max Rated 

Supply Voltage, T A = +1 25°C or 

T a = +150°C 

1000 Hours 

45 

5%, Acc = 0 

Biased Moisture Life Test 
(85/85) 

or 

JEDEC Spec 22 

Continuous Operation at Max Rated 

Supply Voltage, Min Supply Current, 

T a = +85°C, 85% RH 

1000 Hours 

45 

5%, Acc = 0 

Highly Accelerated Stress 
Test (HAST) 

JEDEC Spec 22 

Continuous Operation at Max Rated 

Supply Voltage, Min Supply Current, 

T a = +140°C, 85% RH, 3 Atmospheres 

48 Hours 

45 

5%, Acc = 0 

Temperature Cycle (T/C) 

Mil-Std-883 
Method 1010 
Condition C 

Air-to-Air, -65°C to +150°C, 

>10 Minutes Dwell Time 

1000 Cycles 

45 

5%, Acc = 0 

Thermal Shock (T/S) 

Mil-Std-883 
Method 1011 
Condition B 

Liquid-to-Liquid, -65°C to +150°C, 

>5 Minutes Dwell Time 

1000 Cycles 

45 

5%, Acc = 0 

Autoclave (Pressure Pot 
without Bias) (PPT) 

JEDEC Spec 22 

Continuous Storage at T A = +121°C, 

100% RH, 2 Atmospheres 

1000 Hours 

45 

5%, Acc = 0 
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Table 6. Group C per Mil-Std-883C Method 5005 


TEST 

METHOD 

CONDITIONS 

TEST 

DURATION 

SAMPLE 

SIZE 

LTPD, 

ACC NO. 

Group C-1 

Operating Life Test 
(Op-Life) 

Mil-Std-883 
Method 1005 

Continuous Operation at Max Rated 

Supply Voltage 

Ta = +125°C or 

T a = +150°C 

1000 Hours 
500 Hours 

45 

5%, Acc = 0 


Table 7. Group D per Mil-Std-883C Method 5005 


TEST 

METHOD 

CONDITIONS 

TEST 

DURATION 

SAMPLE 

SIZE 

LTPD, 

ACC NO. 

Group D-1 

Physical Dimensions 

Mil-Std-883 
Method 2016 

N/A 

N/A 

15 

15%, Acc = 0 

Group D-2 

Lead Integrity 

Mil-Std-883 
Method 2004 

Condition B2 (Lead Fatigue) 

N/A 

15 

15%, Acc = 0 

Group D-3 

Thermal Shock 
Temperature Cycle 
Moisture Resistance 
Hermeticity 

Visual Exam 

End Point Electricals 

Mil-Std-883 
Method 1011 
Method 1010 
Method 1004 
Method 1014 
Method 1004/10 

Condition B 

Condition C 

15 Cycles 

100 Cycles 

15 

15%, Acc = 0 

Group D-4 

Mechanical Shock 

Vib. Variable Frequency 
Constant Acceleration 
Hermeticity 

Visual Exam 

End Point Electricals 

Mil-Std-883 
Method 2002 
Method 2007 
Method 2001 
Method 1014 
Method 1010/11 

Condition B 

Condition A 

Condition E (Y1 Only) 

1 

N/A 

15 

15%, Acc = 0 

Group D-5 

Salt Atmosphere 
Hermeticity 

Visual Exam 

Mil-Std-883 
Method 1009 
Method 1014 
Method 1009 

Condition A 

24 Hours 

15 

15%, Acc = 0 

Group D-6 

Internal Water Vapor 

Mil-Std-883 
Method 1018 

<5000ppm 

N/A 

3 

0 

Group D-7 

Adhesion of Lead Finish 

Mil-Std-883 
Method 2025 

N/A 

N/A 

15 

15%, Acc = 0 

Group D-8 

Lid Torque 

Mil-Std-883 
Method 2024 

(Glass Frit Seal Only) 

N/A 

5 

15%, Acc = 0 
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At LinearTechnology Corporation our overriding commit- 
ment is to achieve Excellence in Quality, Reliability and 
Service (QRS) and total customer satisfaction. We inter- 
pret the word “excellence” to mean delivering products 
that consistently exceed all the requirements and expecta- 
tions of our customers. The commitment to QRS extends 
from the President to every employee, from design to 
product qualification, and from manufacturing to ship- 
ping. To meet this commitment, Linear Technology has 
established a comprehensive program called “Quality for 
the Nineties.” 

This program is divided into four separate, but highly 
interrelated programs, namely Quality Environment, Total 
Quality Management System (TQMS), Vendor Participa- 
tion, and Focus for the Nineties. 

Quality Environment 

This first program, Quality Environment, serves as the 
building block for three other programs. It entails 
establishing an environment that is conductive to the 
participation of each and every employee in helping to 
build quality into our products. This program encourages 
every employee to identify any quality problem and 
participate in recommending solutions. 

Quality for the '90s 



A comprehensive operator training and certification 
program has been established that covers every area of 
manufacturing from incoming raw material inspection, 
waferfabrication, assembly, and testto shipping. Emphasis 
is placed on compliance with specifications, performance 
to quality goals, electrostatic discharge damage (ESD) 
awareness and controls, encouraging operators to think 
quality and recommend quality improvement ideas. 

To ensure compliance with specifications, a Quality Audit 
Team performs a systems audit of key manufacturing 
areas and suppliers at periodic intervals. Compliance with 
process specifications and the detailed programs of 
the Corporate Quality Assurance Policy are verified, and 
discrepancies reported for quick resolution with special 
emphasis to eliminate recurring problems. The perfor- 
mance of each area is then rated, providing a strong 
incentive for each area to excel. 

With the philosophy that each department, starting from 
incoming raw materials, is considered a customer of the 
preceding department, every effort is made by working 
closely together to meet or exceed our end-customer 
requirements and goals. 


Systems Quality Audit-Tracking Recurring Problems 



1 2 3 4 5 6 7 8 9 10 11 12 

PERIOD 
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QUALITY ASSURANCE PROGRAM 


Total Quality Management System (TQMS) 

The second program starts with the incorporation of 
innovative, but conservative, design and layout rules to 
achieve the best performance without sacrificing quality 
and reliability. During the design and development cycle, 
Design, Product, Package, Manufacturing, Quality and 
Reliability Engineering groups participate in design re- 
views to ensure that all program aspects are covered; 
ranging from product performance objectives to ensuring 
reproducibility and repeatability in wafer fabrication and 
assembly. Special emphasis is placed on devising input 
protection circuitry to minimize susceptibility to voltage 
spikes and ESD, optimizing thermal layout to minimize 
parametric drift, and optimizing bond pad layout to maxi- 
mize assembly and electrical test yields, at the same time 
allowing the die to be assembled in a wide selection of 
packages. 

Once the design is approved, a stringent manufacturing 
qualification test plan is conducted on the initial engineer- 
ing runs. The test plan is selected to bring out any 
weaknesses in the design and any manufacturability prob- 
lems, and includes reliability stress tests such as high 


Raw Material Controls 



temperature operational life and high temperature humid- 
ity bias 85°C/85% RH and HAST (Highly Accelerated 
Stress Testing) for plastic packages, and MIL-STD-883 
method 5005 qualification testing for hermetic packages. 
Product performance on these tests must be equal to or 
betterthan similar products within the same generic group 
to be considered qualified. Major design, package, mate- 
rial and process changes are also subjected to these same 
stringent qualification requirements. In addition to achiev- 
ing the required reliability performance, an engineering 
change must also achieve manufacturing yield and quality 
performance levels equal to or better than the original 
product to be considered qualified. 

In manufacturing, process controls start with vendor 
qualification on raw material piece parts. A Qualified 
Vendor List is maintained and performance of each vendor 
is continuously monitored on a Vendor Rating Program. A 
dimensional, visual, functional and, where applicable, 
compositional analysis is performed on each direct raw 
material lot. Automated state-of-the-art wafer fabrication, 
assembly and test equipment, cassette-to-cassette han- 
dling in wafer fabrication and automated handling in 
assembly are utilized, where possible, to maintain manu- 
facturing consistency and quality. Only fully trained and 
certified operators are allowed to work on production 
material. 

Stringent process controls, typically beyond industry stan- 
dards, are established for each critical manufacturing step 
in wafer fabrication, wafer test, assembly, package finish- 
ing, mark and pack and shipping as depicted in the Wafer 
Fabrication, Assembly and Test/End of Line flowcharts. 


SEM Monitor of Metallization Quality 
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QUALITY ASSURANCE PROGRAM 


The process controls include monitors of critical assembly 
processes and lot acceptance inspection for operations 
requiring 100% production inspection. Preseal visual 
inspection is performed per MIL-STD-883 Method 
2010 Test Condition B. Statistical process control 
techniques are employed in optimizing process parameters, 
and monitoring process performance through the use of 
control charts with action limits and upper and lower 
control limits, and in parametric distribution analysis at 
electrical test. 

Electrical quality is guaranteed by conservative guard- 
banding on production test programs of a minimum of 
three machine guardbands, by using state-of-the-art test 
equipment and 0.04% AQL for lot acceptance testing at 
25°C for all military and commercial lots. Additional tests, 
like rack burn-in, beyond the data sheet specifications on 
regulator products are performed by exercising the parts 
in a thermal shutdown mode. These tests are incorporated 
into the test flow to improve reliability and weed out infant 
mortality failures. Visual and mechanical quality is opti- 
mized by minimizing handling of parts in assembly, test 
and end of line operations. Lead finish processes have 
been selected that minimize solderability problems and all 
lots are subjected to a stringent major visual/mechanical 
inspection. Administrative errors due to mixed and wrong 


Actual X and R Chart of Aluminum Sputter Deposition Using 
Sensor Number Control 



parts are minimized by strictly adhering to a one lot per 
station policy, and double checking orders at order entry 
and shipping. Before shipment of a lot to the customer 
each lot is inspected to ensure that it meets internal and 
customer specif ications and purchase order requirements. 
The level of attention paid to each unit is demonstrated by 
the fact that each unit is traceable to the wafer fabrication 
lot number via a side or back mark on both 883 and 
commercial products on all packages, except where there 
is a physical constraint. 

Through the use of automated equipment, strict process 
controls (utilizing proven statistical process control tech- 
niques), periodic systems and quality audits (conducted 
by the Quality Audit Team), stringent facilities and envi- 
ronmental controls and monitors, Linear Technology is 
able to ensure quality is built into the product and to 
guarantee a consistently high quality level. 

The manufacturing quality controls are complimented by 
a reliability audit program designed to weed out design, 
fabrication, packaging and assembly deficiencies. 
Additionally, controls are supported by a comprehensive 
failure analysis and corrective action program designed to 
provide timely feedback of findings to all operating groups 
for resolution. The analysis of customer returns, and 
corrective action taken, completes the closed loop of our 
Total Quality Management System. 

Military and Commerical Products Share the Same Stringent 
Inspections and Controls 

• WAFER FABRICATION PROCESS CONTROLS AND CLASS 100 PROCESSING. 

• REGULAR SEM MONITORS. 

• PRE-SEAL VISUAL INSPECTION PER MIL-STD-883 METHOD 2010. TEST CONDITION B. 

• DIE SHEAR TEST PER MIL-STD-883 METHOD 2019. 

• BOND PULL TEST PER MIL-STD-883 METHOD 201 1 . 

• SOLDERABILITY TEST PER MIL-STD-883 METHOD 2003. 

• MARK PERMANENCY TEST PER MIL-STD-883 METHOD 2015. 

• HERMETICITY TESTING PER MIL-STD-883 METHOD 1014. 

• QA ELECTRICAL TEST TO 0.04% AQL AT 25°C, AND TEMPERATURE TESTING. 

• EXTERNAL VISUAL PER MIL-STD-883 METHOD 2009. 
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Bond Strength Histogram 


BOND STRENGTH (GRAMS) 


Failure Analysis Photomicrographs 
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QUALITY ASSURANCE PROGRAM 


Vendor Participation Statistical Process Control (SPC) 

The requirements of high quality raw materials for inte- The increased reliance on automated manufacturing and 

grated circuit manufacture range from ppb (parts per test equipment underlines the need for strict process 

billion) impurity levels for electronic grade chemicals to control techniques. SPC is a valuable tool and, at Linear 

ppm (parts per million) defective levels for lead frame Technology, we realize the importance of these methods, 

packaging materials. It is not only essential, but critical for Engineering analysis is performed regularly, using SPC 

the semiconductor manufacturer to work closely with techniques to establish the process capability. Various 

theirvendorstoattainthe high quality levels needed in raw variable and attribute control charts are used to ensure 

materials. At Linear Technology, a program has been that processes are within normal limits and action and 

established and implemented to allow vendor participa- shutdown limits are established for critical operations, 

tion in formulating specifications and establishing The process capability of key processes are calculated 

percentage defective and lot rejection rate goals. This using the Cpk capability index on an ongoing basis to 

vendor participation ensures that the direct and raw ensure a program for continuous quality improvement, 

material quality levels received are consistent with our 

manufacturing and end-product quality goals. Clearly, Acllia , Normalized x and Moving R Chart of Epitaxial Growth 
achieving optimum quality product requires the use of the Reactor Controlling Resistivity and Deposition Rate 

best possible materials available and with continuous 
communication and feedback from our vendors to im- 
prove in this key area. A Preferred Vendor Program helps 
to drive vendors to manufacturing excellence. 

Focus for the ’90s 

The following key quality improvements programs have 
been established to meet the quality requirements of 
the ’90s. 


PPM Goals 

As demand for quality semiconductor components be- 
comes increasingly more stringent, the percentage goals 
from the 1970s have given way to ppm goals in the '80s 
and ’90s. At Linear Technology, ppm quality goals are 
established for every major operation, from incoming 
inspection to customer returns. Performance to goals is 
reviewed quarterly and, where goals are not met, quality 
improvement programs are defined and implemented. 
Quality goals are updated and tightened on an annual 
basis, and quality programs are redefined to achieve the 
new goals established. One of the early benefits of this 
program is demonstrated by the excellent average outgo- 
ing electrical quality (AOQ). 
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QUALITY ASSURANCE PROGRAM 


ESD Control 


Customer Ship-To-Stock Program 


A comprehensive ESD control program has been 
established which encompasses design, handling, testing, 
storage, and final packaging for shipment. The program 
includes the use of grounded table tops, floor mats, wrist 
straps and heel straps, topical antistatic treatment of floor 
coverings, banning of static bearing materials from the 
manufacturing environment, ionizers, and use of 
conductive or antistatic materials for handling and final 
packaging. Areas where ESD control must be enforced 
are designated as ESD Protected areas. ESD awareness 
training programs helpto increase the operator’s awareness 
for successful implementation of this program. Every 
effort is made to stamp out this silent chip killer. The 
benefits of this program are improved quality and reliability 
to the customer. 

Quality System Surveys MIL-Q-9858 and MIL-l-45208 Approval 



CALENDAR QUARTER (FOR CY1983-1992 


Linear Technology is working hand-in-hand with custom- 
ers to consistently supply high quality products to achieve 
a ship-to-stock program by eliminating the need to do an 
incoming inspection. We recognize the benefits to our 
customers of a ship-to-stock program, namely savings in 
the need to purchase and maintain incoming test equip- 
ment, savings in the need to maintain a safety stock in case 
of incoming lot rejections, and reduction in board failures 
and re-work costs because of higher component quality. 


Ship-To-Stock Program Flow 


IF 

FAILURE 
RATE IS 
EXCEEDED 



100% INCOMING INSPECTION 


ESTABLISH PPM GOAL WITH CUSTOMER. 


CUSTOMER MEASURES AIQ 
(AVERAGE INCOMING QUALITY) 

ELIMINATE 100% INCOMING INSPECTION AND 
START SHIP-TO-STOCK WHEN AIQ<PPM GOAL. 


LTC PROVIDES CUSTOMER WITH AOQ 
(AVERAGE OUTGOING QUALITY) DATA. 


CUSTOMER TRACKS BOARD/SUBSYSTEM/SYSTEM 
TEST DATA ON SHIP-TO-STOCK PARTS. 


CUSTOMER TO RETURN FAILED PARTS 
TO LTC FOR FAILURE ANALYSIS. 


Based on the foregoing quality programs, Linear 
Technology Corporation is positioned to continu- 
ously improve our product quality and exceed the 
demands of our customer in the ’90s and beyond. 
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QUALITY ASSURANCE PROGRAM 


WAFER FABRICATION FLOWCHART 


Generic Bipolar Process 

Vendor: 

Package: 

Location of Wafer Fab: 
Assembly: 

Final Test: 

Q.C. Test: 


Linear Technology Corporation 
Plastic DIP 

Linear Technology Corporation, 
Offshore 

Linear Technology Corporation, 
Linear Technology Corporation, 


Milpitas, CA 

Milpitas, CA, or Singapore 
Milpitas, CA, or Singapore 


V INCOMING 

£3 QUALITY inspection and gate 
O manufacturing process 
O QUALITY MONITOR/SURVEILLANCE 
□ REWORK 


FLOWCHART 
INCOMING FAB REWORK 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 

TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

SPC 

TECHNIQUE 

\ 

( 

( 

) 

Incoming Raw 

Material 

Inspection 

Wafers 

Chemicals 

Gases 

Visual: Scratches, 

Pits, Haze, Craters, 

Dimples, 

Contamination, 

Oxygen/Carbon 

Measurement 

Resistivity/ 

Conductivity 

Dimensional 

Thickness and 

Taper/Bow 

Orientation 

C of C Verification 
Against “MPS” 
Requirements 

C of C Verification 
Against “MPS” 
Requirements 

Plus Yearly 

Gas Analysis 

IX Inspection 

Infrared 

Spectrometer 

Magnetron 

V/l Meter 

Calipers 

Dial Thickness 

Gage 

Break Test 

1 .0% AQL to 

2.5% AQL Level 1. 

S/S = 2, ACC = 0 

S/S = 2, ACC = 0 

2.5% AQL, Level SI 
2.5% AQL, Level SI 

S/S = 1, ACC = 0 

Each Batch 

Each Batch 

% LAR Trend 
Chart and % 
Defective Trend 
Chart 


X) 

Initial 

Oxidation 

Oxidation 

Furnace 

Visual 

UV Lamp (100%) 

20X Microscope 

2 Wafers/Run 
<2 Defects Per 

Field of View 

Logbook 

Oxide Thickness 

Nanospec 

3 Wafers/Cycle 

C 

r° 

Collector 

Mask 

Resist Mask 

HF Etchant Bath 

Final Inspection 

Optical 

Microscope 1 00X 

“Z” Pattern Scan 
100% of the Wafers 

Production 

Log 

i 


Collector 

Implant 

Implant 




Logbook 


>o 

Collector 

Diffusion 

Oxidation and 
Diffusion 

Furnace 

Visual 

UV Lamp (100%) 

20X Microscope 

2 Wafers/Run 
<2 Defects Per 

Field 

Logbook 

Oxide Thickness 

Nanospec 

2 Wafers/Run 

R 

4 Point Probe 

1 Test Wafer/Run 

XJ 

Philtec Groove 

1 Test Wafer/ 

Cycle 
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QUALITY ASSURANCE PROGRAM 


FLOWCHART 
INCOMING FAB REWORK 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 
TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

spc 

TECHNIQUE 


M3 

EPI 

Deposit EPI 
Gemini Reactor 

Visual 

UV Lamp 

100% for EPI Spike 
More Than 5/WFR 
is Reject 

Trend Chart 

Interference 

Contrast Microscope 

More Than 1 Slip 
and Stacking Fault 
is Reject 

R 

4 Point Probe 

2 Reading/Pass 

X+ R m 

EPI Thickness 

Nicolet 

2 Reading/Pass 

Trend Chart 

C 

M3 

EPI Re-Ox 

Oxidation 

Furnace 

Visual 

Oxide Thickness 

UV Lamp 

100% 

Logbook 

20X Microscope 

2 Wafers/Run 
<2 Defects Per 

Field of View 

Nanospec 

2 Wafers/Run 

c 

M3 

Isolation 

Mask 

Resist Mask 

HF Etchant 

Bath 

Final Inspection 

Optical Microscope 
100X 

“Z” Pattern Scan. 
100% of the Wafers 

Production Log 

c 

M3 

Isolation 

Predeposition 

Boron Deposition 
Furnace 

Visual 

UV Lamp 

1 00% <1 0 Defects/ 
Wafer 

Trend Chart 


20X Microscope 

2 Wafers/Run 
<4 Defects Per 

Field of View 

R 

4 Point Probe 

2 Test Wafers/Run 

c 

M3 

Isolation 

Diffusion 

Diffusion 

Furnace 

Visual 

UV Lamp 

100% <10 Defects/ 
Wafer 

Logbook 

20X Microscope 

2 Wafers/Run 
<2 Defects Per 

Field of View 

R 

4 Point Probe 

2 Test Wafers/Run 

XJ 

Philtec Groove 

1 Test Chip/Run 

Production 

Logbook 

TOX 

Nanospec 

2 Product Wafers/ 
Run 

( 

MO 

Sinker Mask 

Resist Mask 

HF Etchant 

Bath 

Final Inspection 

Optical Microscope 
100X 

“Z” Pattern Scan. 
100% of the Wafers 

( 

M3 

Sinker 

Predeposition 

Deposition 

Furnace 

Visual 

UV Lamp 

100% <10 Defects/ 
Wafer 

Trend Chart 

R 

4 Point Probe 

2 Test Wafers/Run 

c 

MO 

Sinker 

Diffusion 

Diffusion 

Furnace 

Visual 

UV Lamp 

100% 

Logbook 


20X Microscope 

<3 Defects Per 

Field of View 

R 

4 Point Probe 

2 Test Wafers/Run 

TOX 

Nanospec 

2 Test Wafers/Run 


p-° 

Base Mask 

Resist Mask 

HF Etchant Bath 

Final Inspection 

Optical Microscope 
100X 

“Z” Pattern Scan. 
100% of the Wafers 

Production Log 

J 

EL 

ISO Diode 

Check 

Curve Tracer 
BVCSO 

BVCSO 

Curve Tracer 

4 Wafers/Run 
>1 Per 12 Readings 
is Fail 

Logbook 


/TLineAB 
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FLOWCHART 
INCOMING FAB REWORK 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 

TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

Spc 

TECHNIQUE 


AO 

Base 

Predeposition 

Deposition 

Furnace 

Visual 

UV Lamp 

100% <10 Defects/ 
Wafer 

Trend Chart 

20X Microscope 

2 Wafers/Run 
<4 Defects Per 

Field of View 

R 

4 Point Probe 

2 Test Wafers/Run 

X + R 

( 

r° 

Base Diffusion 

Diffusion 

Furnace 

Visual 

UV Lamp 

100% <10 Defects 

Per Wafer 

Trend Chart 

20X Microscope 

2 Wafers Per Run 
<4 Defects Per 

Field of View 

R 

4 Point Probe 

2 Test Wafers/Run 

TOX 

Nanospec 

2 Product Wafers 

Per Run 

C 

>-o 

Emitter Mask 

Resist Mask 

HF Etchant Bath 

Final Inspection 

Optical Microscope 
100X 

“Z” Pattern Scan. 
100% of the Wafers 

Production Log 

C 

M3 

CB Diode 

Check 

Curve Tracer 

BVCBO 

Curve Tracer 

<1 Out of 16 

Readings is Fail 

Logbook 

c 


Emitter 

Diffusion 

Deposition 

Furnace 

R 

4 Point Probe 

2 Test Chip/Cycle 

Logbook 

Beta/LV 

Curve Tracer 

3 Sites Per Wafer 
Every Fourth Wafer 
>2 Readings Out 
of Spec 

c 

M3 

Contact Mask 

Resist Mask 

HF Etchant Bath 

Final Inspection 

Optical Microscope 
100X 

“Z” Pattern Scan. 
100% of the Wafers 

Production Log 

Optical Microscope 
1000X 

Critical Dimension 
Measure. 2 Wafers 
Per Run Lot, Accept 
on 0 Failures 

Trend Chart 

c 

M) 

Metal 

Deposition 

Deposition 
Sputter Machine 

Visual 

UV Lamp 

<5 Defects/Wafer 
100% 

Logbook 

R /Thickness 

4 Point Probe 

2 Readings/Pass 

X + Rm 

[ 


Metal Mask 

Resist Mask 
Etchant Bath 

Final Inspection 

Optical Microscope 
200X 

“Z" Pattern Scan. 
100% of the Wafers 

Production Log 

Optical Microscope 
1000X 

Critical Dimension 
Measure. 2 Wafers 
Per Run Lot, Accept 
on 0 Failures 

CD Logbook 

( 

r° 

Alloy 

Anneal Furnace 

Visual 

UV Lamp 

100% <10 Defects/ 
Wafer 

Logbook 

c 


Electrical Test 

To Evaluate 
Electrical 
Parameters 
LOMAC 



2 Wafers/Run 

Logbook 
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FLOWCHART 
INCOMING FAB REWORK 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 

TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

SPC 

TECHNIQUE 


X) 

LPOM 

Passivation 
LPCVD Furnace 

Visual 

UV Lamp 

100%, >2 Color 
Changes is Fail 

Trend Chart 

10X Microscope 

3 Wafers/Cycle 
<3 Defects Per 

Field of View 

TOX 

Nanospec 

3 Wafers/Cycle 

X + R 

Phosphorous 

Concentration 

10:1 HP Etch Rate 

3 Wafers/Cycle 

Trend Chart 

( 

MD . 

PfjN 

PECVD Nitride 
Deposition 

Visual 

UV Lamp 

100%, >2 Color 
Changes is Fail 

Trend Chart 


10X Microscope 

2 Wafers/Run, <5 
Defects Per Field of 
View 

Thickness 

Nanospec 

3 Wafers/Cycle 

Index of 

Refraction 

Ellipsometer 

3 Wafers/Cycle 

c 

X) 

Pad Mask 

Resist Mask 

RF Plasma Etch 
and Oxide Wet 
Etchant Bath 

Final Inspection 

Optical Microscope 
100X 

“Z” Pattern Scan. 
100% of the Wafers 

Production Log 


0 

Electrical Test 

Evaluate 

Electrical 

Parameters 



100% 

Logbook 

i 

>0 

Backlap 

Disco. 

N/A 

N/A 

N/A 

Logbook 

4 

Backside 

Metal 

Backside 

Metallization 

Visual 

Un-Aided Eye 

100% 

Logbook 


rrunm 
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QUALITY ASSURANCE PROGRAM 


ASSEMBLY FLOWCHART 
Plastic DIP 


Vendor: 

Package: 

Location of Wafer Fab: 
Assembly: 

Final Test: 

Q.C. Test: 


Linear Technology Corporation 
Plastic DIP 

Linear Technology Corporation, Milpitas, CA 
Offshore 

Linear Technology Corporation, Milpitas, CA, or Singapore 
Linear Technology Corporation, Milpitas, CA, or Singapore 


INCOMING 

£3 QUALITY inspection and gate 
O MANUFACTURING PROCESS 
O QUALITY MONITOR/SURVEILLANCE 
□ REWORK 


FLOWCHART 
INCOMING ASSY REWORK 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 

TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

spc 

TECHNIQUE 


7 

Wafer Sort 

Electrical 

Test Rejects 
are Red Inked 


Wafer Prober 


% Defective 
Trend Chart 

C 

r° 

Wafer Sort 
Monitor 

Monitor Probing 
and 2nd Optical 
Quality 

Probe Defects 

2nd Optical 

Defects 

3X to 75X 

Microscope 

Minimum of 3 

Times Per Shift. 

S/S = 1, ACC = 0 


c 

) 

Kit for 

Overseas 

Assembly 

Wafers are 

Kitted with 

LTC Bonding 
Diagram and 

LTC Assembly 
Traveler 






7 

Incoming 

Piece Parts 
Inspection 

Lead Frame 

Visual 

Mechanical 

Functional 
(Assembly Process 
Simulation): 

Bond Pull Test 

Die Shear Test 

10X to 30X 
Microscope 

Optical Comparator, 
Calipers, X-Ray 
Fluorescence 

1 % AQL, Level 2 

% LAR Trend 
Chart 



Incoming 

Piece/Parts 

Inspection 

(Continued) 

Molding 

Compound 

Spiral Flow 

Moldability 

Spiral Mold Press 

1% AQL, Level 2 

8 Drums for Every 
Transfer 

% LAR Trend 
Chart 




Bonding Wire 

Wire 

Tensile Strength 

Elongation 

Tensile Strength 
Tester 

Bonder, Bond Pull 
Tester 

S/S = 1 to 5 

Spools Depending 
on Lot Size, 

ACC = 0 

% LAR Trend 
Chart X and R 
Bond STR Chart 




Epoxy Die 

Attach 

Bondability 

Die Attacher, 

Die Shear Tester 

S/S = 20, ACC = 0 

% LAR Trend 
Chart 
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QUALITY ASSURANCE PROGRAM 


FLOWCHART 
INCOMING ASSY REWORK 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 
TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

SPC 

TECHNIQUE 


HO 

Wafer Saw 

Wafer Saw 
Monitor 

Die Separation 

Alignment Accuracy 

Saw Quality 

Saw Accuracy 

TV Alignment 

Micro Automation 
on Disco Saw 1 0X to 
30X Microscope 

10X to 30X 
Microscope 

Once Every 2 Hours, 
S/S = 1 Wafer, 

ACC = 0 

S/S = 25 Die, 

ACC = 0 

% Defective 
Trend Chart 

( 

) 

2nd Optical 
Inspection 

Die Quality 

Die Visual Quality 

75X Microscope 

Every Lot 100% 

Basis 

% LAR and % 
Unit Defective 
Trend Chart 

Yield Analysis 

C 

HD 

Die Attach 

Die Attach 
Monitor 

Die Bonded to 
Lead Frame 
with Epoxy 

Visual Quality 

Die Shear Test 

Auto Die Bonder 

10X to 30X 
Microscope 

Die Shear Tester 

4 Times Per Shift 

S/S = 20, ACC = 0 

Per Bonder 

% Defective 
Trend Chart. 
Xand R Die 
Shear Strength 
Chart 

c 

HO 

Wire Bond 

Wire Bond 
Monitor 

Ball Bonds 

Wire Dress 

Bond Pull 

Strength 

Auto Thermosonic 

Ball Bonder 

10X to 30X 
Microscope 

Bond Pull Tester 

4 Times Per Shift 

S/S = 25, ACC = 0 

% Defective 
Trend Chart. 
Xand R Die 
Shear Strength 
Trend Chart 

( 

) 

100% 3rd 

Optical 

Inspection 

Check for 
Workmanship 
Quality Prior to 
Molding 

Die, Die Bond, Wire 
Bond Visual Quality 

30X to 60X 
Microscope 

Every Lot 100% 

Basis 

Yield Chart 

[ 

] 

QA3rd 

Optical 

Inspection 


Assembly Visual 
Quality 

30X to 60X 
Microscope 

Every Lot 

LTPD = 5% 

S/S = 45, ACC = 0 

% LAR and % 
Unit Defective 
Trend Chart 

c 

HO 

Mold 

Mold Monitor 

Encapsulation 
with Epoxy 
Novalac B 
Composition 

Molding Quality 

Visual: Chip, Void 
and Cracks, 
Misalignment, etc. 

Transfer Mold 

30X to 60X 
Microscope 

2 Times Per Shift 

Per Mold 1 Shot, 

ACC = 0 

% LAR Trend 
Chart 



Top Mark 

Traceability 

Mark 

Visual Quality 

Un-Aided Eye 

S/S = 15, ACC = 0 

Logbook 

l 

HD 

Post Mold 

Bake 

Mold Bake 
Monitor 

Cure Molding 
Compound 

Process 

Monitor 

Check Oven 
Temperature 

Bake in +175°C 

Oven for 6 Hours 

Mold Cure in Oven 

Each Oven at Start 
and 1 Time Per Shift 

% Failed 

Monitor Trend 
Chart 


XTtfHB 
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FLOWCHART 
INCOMING ASSY REWORK 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 

TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

Spc 

TECHNIQUE 


HO 

Deflash 

Deflash 

Monitor 

Remove Mold 
Flash from 
Package 

Process 

Monitor 

L/F and Heatsink 

Must be Free from 
Mold Flash 

Visual: Incomplete 
Deflash, Package 
Damage 

7X to 30X 

Microscope 

2 Strips Every 

2 Hours, ACC = 0 

% Unit 

Defective 

Trend Chart 

( 


Solder 

Plate 

Lead 

Finish 





C 

HO 

Solder Plate 
Inspection 

Solder Plate 
Quality 

Coverage, 

Thickness, Quality 

Un-Aided Eye 

100% 

% Defective 
Trend Chart 

c 

r° 

Solderability 

Test 

Solder Plate 
Quality 

Minimum 95% 
Coverage 

3X to 1 0X 

Microscope 

S/S = 11, ACC = 0 

% LAR Chart 


5 

Trim and Form 
Singulation 

Singulate Unit 
and Place in 

Black 

Conductive 

Tube 





c 

HO 

Mark 

Mark Monitor 

Date Code and 
Device Marking 

Check Marking 
Quality 

Visual: Illegible 

Mark, Correct 

Mark, Marking 
Permanency Test 
(If Ink Marked) 

Offset Marking with 
Markem 7226 or 
Laser Mark 

Un-Aided Eye, 6 
Inches Under 

Normal Room 
Lighting Method 

2015 Mil-Std-883 

Every Half Hour, 

S/S = 15 Units, 

ACC = 0 Per 

Machine 

2 Times Per Shift 

Per Machine 

S/S = 20, ACC = 0 

% Unit 

Defective P.A. 
Trend Chart 

c 

HO 

Final Visual 
Inspection 

100% Inspect 

Visual: Bent Leads, 
Mold Flash, Solder 
Quality, etc. 

Un-Aided Eye to 

10X Microscope 

Every Lot 100% 

Basis 

% LAR and % 
Unit Defective 
P.A. Trend 

Chart 

( 

) 

Pack 

Packing and 
Preparation for 
Delivery 


Antistatic Shipping 
Tube 



c 


Ship to 

LTC 
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EOL FLOWCHART 
(End of Line) 

Vendor: 

Package: 

Location of Wafer Fab: 
Assembly: 

Final Test: 

Q.C. Test: 


Linear Technology Corporation 
Plastic DIP 

Linear Technology Corporation, Milpitas, CA 
Offshore 

Linear Technology Corporation, Milpitas, CA, or Singapore 
Linear Technology Corporation, Milpitas, CA, or Singapore 


^7 INCOMING 

£3 QUALITY INSPECTION AND GATE 
O MANUFACTURING PROCESS 
O QUALITY MONITOR/SURVEILLANCE 
□ REWORK 


FLOWCHART 

PROCESS 

STEP 

DESCRIPTION 

INSPECTION/ 
TEST CRITERIA 

METHOD AND 
EQUIPMENT 

SAMPLING 

PLAN 

spc 

TECHNIQUE 

r 


LTC Incoming 
Inspection 

Check Quality 
of Incoming 
Assembled 
Material 

Package Dimension 

Optical Comparator 
and Calipers 

S/S = 2, ACC = 0 

% LAR Trend 
Chart 





External Visual 

3X to 30X 

Microscope 

S/S = 76, ACC = 0 






Mark Permanency 
(If Ink Mark) 

Mii-Std-883 

Method 2015 

S/S = 4, ACC = 0 






Solderability 

Mil-Std-883 

Method 2003 

S/S = 3, ACC = 0 






Die Attach Quality 

Pliers 

S/S = 5, ACC = 0 






Lead Fatigue Test 

Lead Fatigue Tester 

S/S = 10, ACC = 0 


c 

) 

100% Class 
Test 

Electrical 

Test 

Test to Guardbanded 
Data Sheet 

Test Limits 

LTX Integrated 

Circuit Test 

System 



[ 

] 

QA Electrical 
Test at +25°C 

Electrical 

Quality 

Test to Guardbanded 
Data Sheet 

Test Limits 

LTX Integrated 

Circuit Test 

System 

S/S = 125, ACC = 0 

PPM Chart 

[ 

] 

QA Electrical 
Testat+70°C 
and at 0°C 

Electrical 

Quality 

Test to Guardbanded 
Data Sheet 

Test Limits 

LTX Integrated 

Circuit Test 

System 

S/S = 125, ACC = 3 
Skip Lot 

PPM Chart 

c 

) 

100% External 

Visual 

Inspection 

Check for 

Package 

Quality 

Visual: Bent Leads, 
Lead Form Criteria, 
Mold Voids/Cracks, 
etc. 

3X Eyepiece 


Yield Chart 

[ 

] 

QA Post Pack 
Inspection 

Package/ 

Pack Quality 
Inspection 

Verify Correct Top 
Mark, Correct Pack 
Method, Correct 
Labeling, External 
Visual Inspection 

3X to 1 0X 

Microscope 

Inspection 

S/S = 125, ACC = 0 

% LAR and 

PPM P.A. 

Chart 

c 

] 

QA Shipbench 
Inspection 

Plant 

Clearance 

Inspection 

Paperwork Check, 
Verify Correct Part 
Number and Correct 
PAR Count 

Un-Aided Eye 
Inspection 

LTPD = 2% 

S/S = 116, ACC = 0 

% LAR Trend 
Chart 

c 

!> 

Ship to 
Customer 
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Linear Technology R-Flow 

Reliability has been a key focal point at Linear Technology 
Corporation since our inception in 1981. Our standard 
product reliability is monitored closely and we have gen- 
erated an extensive reliability data base for both hermetic 
and plastic devices. This data is published on a quarterly 
basis and we are seeing very low reliability failure rates in 
the under 1 FIT range at 55°C.* 

In response to customer requests, we have added an 
even higher level of reliability screening for commercial 

*1 FIT = 1 failure in 10 9 device hours. 


R-Flow for TO-5 and CERDIP Packages 



hermetic and plastic components. LTC’s R-Flow adds an 
equivalent 160 hours 125°C burn-in to the standard com- 
mercial process flow. Following burn-in, a 100% room 
temperature test is performed and a 10% PDA (Percent 
Defective Allowed) is applied. This PDA limit affords an 
additional level of insurance on a lot-by-lot basis and 
prevents the occasional disparate lot from being shipped 
for critical applications. The additional room temperature 
insertion also decreases the probability of any electrical 
defectives in the R-Flow lot. 


R-Flow for Plastic Dual-In-Line Packages 
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Introduction 

As integrated circuit technologies achieve higher speed, 
smaller geometries, lower power and lower voltage, there 
is a trend toward greater ESD (Electrostatic Discharge 
Damage) susceptibility. State-of-the-art CMOS ICs can be 
susceptible to as little as 50V, a static level that is way be- 
low the 500V to 15,000V commonly found in an ESD unpro- 
tected work environment. As these state-of-the-art ICs get 
designed into systems, the ESD susceptibility of system 
hardware also increases proportionately. Industry esti- 
mates of losses due to ESD are in the range of a few billion 
dollars annually. 

It has now become increasingly more important for all 
semiconductor manufacturers and users of semiconduc- 
tor and other electronic components to fully understand 
the nature of ESD, the sources of ESD, and its impact on 
quality and reliability, to effectively deal with this silent 
chip killer. 

Linear Technology Corporation has successfully under- 
taken a simple but effective ESD Protection Program as 
part of an overall program designed to enhance product 
quality and reliability. Described in this section are the 
keypoints of this program. 

The objective is to provide increased ESD awareness by 
showing the sources of ESD in the work environment, and 
to recommend keypoints for the successful implementa- 
tion of an ESD program on a company-wide basis. 

The end result of a successful ESD program would be the 
reduction of line failures, final inspection failures and 
field failures, improved manufacturing yields, improved 
product quality and reliability and lower warranty costs. 
We hope that this will help to convince the reader that an 
ESD Protection Program must be an integral part of every 
electronic company’s product quality and reliability 
program. 

Key Elements of a Successful ESD Protection Program 

Recent improvements in failure analysis techniques to 
correctly identify ESD failures together with an increase in 
ESD related information from technical publications, 


EOS/ESD symposiums and vendors have significantly 
helped to increase ESD awareness. 

The ESD Protection Program at Linear Technology 
Corporation was successfully launched in 1983 when 
production of ICs was first started. A constant upgrading 
of the program is still underway. During the ongoing ef- 
forts to improve product quality and reliability, previously 
unrecognized ESD related problems have been brought to 
light and corrected. 

An effective ESD Protection Program must start at product 
design, and encompass all manufacturing and handling 
steps up to and including field service and repair. Our de- 
sign goal is to achieve an ESD susceptibility level of 
2,000V or greater. 

Since the sources of static in any work environment are 
similar, key elements of the program successfully imple- 
mented at Linear Technology Corporation can also be ap- 
plied to all users of electronic components. Where these 
key elements apply, static controls generic to an elec- 
tronic systems manufacturer are included. 

The key elements of a successful ESD Protection Program 
include: 

1. Understanding static electricity. 

2. Understanding ESD related failure mechanisms. 

3. ESD sensitivity (ESD) testing. 

4. Establishing an ESD task force to outline the require- 
ments of the program, sell the program to manage- 
ment, implement the program, review progress against 
milestones, and follow-up to ensure the program is con- 
tinuously improved and upgraded. Selecting an ESD 
coordinator to interface with all departments affected. 

5. Conducting a facility evaluation to help identify the 
sources of ESD and establish static control measures. 

6. Setting up an audit program. 

7. Selection of ESD protective materials and equipment. 

8. Establish a training and ESD awareness program. 
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What is Static Electricity? 

Lightning and sparks from a metallic doorknob during a 
dry month are examples of static electricity. The magni- 
tude of a static charge is dependent on many variables, 
among them the size, shape, material composition, sur- 
face characteristics and humidity. There are basically 
three primary static generators, namely triboelectric, in- 
ductive and capacitive charging. 

Triboelectric Charging 

The most common static generator is triboelectic charg- 
ing. It is caused when two materials (one or both of which 
are insulators) come in contact and are suddenly separat- 
ed or rubbed together, creating an imbalance of electrons 
on the materials and thus static charge. 

Some materials readily give up electrons whereas others 
tend to accumulate excess electrons. The Triboelectric 
Series lists materials in descending order from positive to 
negative charging due to this triboelectric effect. A sam- 
ple triboelectric series is shown here. A material that is 
higher on the list, e.g., a human body, will become posi- 
tively charged when rubbed with a material, e.g., polyester, 
that is lower on the list, due to the transfer of electrons 
from the human body to the polyester material. 


Triboelectric Series 


Human Body 
Positive Glass 

+ Mica 

Nylon 
Wool 
Fur 
Silk 

Aluminum 

Paper 

Cotton 

Steel 

Wood 

Hard Rubber 
Orion 
Polyester 
Polyethylene 

Negative PVC (Vinyl) 
Teflon 


Inductive Charging 

Static can also be caused by induction, where a charged 
surface induces polarization on a nearby material. If there 
is a path to ground for the induced charge, an ESD event 
may take place immediately. An example of an induced 
charge is when the plastic portion of a molded 1C package 
acquires a charge either through triboelectric charging or 
other means, produces an electrostatic field and 
induces a charge on the conductive leads of the device. 
When the device leads are grounded, a short duration 
damaging static pulse can take place. 

Capacitive Charging 

The capacitance of a charged body relative in position to 
another body also has an effect on the static field. To 
see that this is true, one need only look at the equation 
Q = CV (charge equals capacitance times voltage). If the 
charge is constant, voltage increases as capacitance de- 
creases to maintain equilibrium. As capacitance de- 
creases the voltage will increase until discharge occurs 
via an arc. A low voltage on a body with a high capacitance 
to ground can become a damaging voltage when the body 
moves away from the ground plane. For example a 100V 
charge on a common plastic bag lying on a bench may in- 
crease to a few thousand volts when picked up by an 
operator, due to a decrease in capacitance. 

These sources of static can be found almost anywhere in 
an unprotected work environment, on personnel wearing 
synthetic clothing and smocks, on equipment with 
painted or anodized surfaces, and on materials such as 
carpets, waxed vinyl floors, and ungrounded work 
surfaces. 

Understanding the Failure Mechanisms 

In the past, analysis of electrical failures to pinpoint ESD 
as a cause was often difficult. But with a better under- 
standing of failure mechanisms and their causes, and the 
use of more sophisticated techniques like scanning elec- 
tron microscopy (SEM), pinpointing ESD failures can now 
be part of a routine failure analysis. 
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Parametric or functional failure of bipolar and MOS ICs 
can occur as a result of ESD. 

The primary ESD failure mechanisms include: 

1. Dielectric Breakdown: This is a predominant failure 
mechanism on MOS devices when the voltage across 
the oxide exceeds the dielectric breakdown strength. 
This failure mechanism is basically voltage dependent 
where the voltage must be high enough to cause dielec- 
tric breakdown. As such, the thinner the oxide, the 
higher the susceptibility to ESD. MOS device failures 
are characterized by resistive shorts from the input to 
VoporVss. 

MOS Transistor Structure 
Showing ESD Included Pinholes at Gate Oxide 



This failure mechanism can also be found on bipolar 
ICs which have metallization runs over active semi- 
conductor regions separated by a thin oxide, Device 
failures are characterized by resistive or high leakage 
paths. 

2. Thermal Runaway (Second Breakdown): This failure 
mechanism results in junction melting when the melt- 
ing temperature of silicon (1415°C) is reached. This is 
basically a power dependent failure mechanism, 
namely the ESD pulse shape, duration and energy can 
produce power levels resulting in localized heating and 
eventually junction melting, even though the voltage 
level is below that required to cause dielectric break- 
down. Breakdown of the emitter-base junction of a 
NPN transistor is a common ESD related failure 
mode on bipolar ICs, since the highest current density 
occurs on the smallest current carrying area which is 
typically the emitter-base junction. Low current gain 
(hFE) is a very sensitive indicator of emitter-base junc- 
tion damage on bipolar linear ICs. 


3. Parametric Degradation: On precision, high speed ICs 
(e.g., bipolar operational amplifiers with a typical input 
bias current of lOpA and low input offset voltage of typ- 
ically 50/tV) ESD can cause device degradation, besides 
functional failures. This can impact electrical perform- 
ance and adversely affect device reliability. 

This degradation in device parametric performance is 
far more difficult to pinpoint as an ESD related failure 
mode. It is also the least understood among the failure 
modes. The extent of this degradation is dependent on 
the number of ESD pulses and the level of damage 
sustained. The first ESD pulse may not cause an 1C to 
fail the electrical data sheet limits, but with each subse- 
quent ESD pulse, the parametric performance can de- 
grade to the point where the device no longer meets the 
data sheet limits. 

There is a great deal of current research focused on 
ESD induced latent failures, and there now appears to 
be more evidence of this type of failure mechanism. 



RESISTIVE SHORT ON A 
METALLIZATION STRIP OVER 
A THIN OXIDE N+ REGION 
ON A BIPOLAR 1C 


ESD Failure Analysis Program 

ESD defect identification must be an integral part of a fail- 
ure analysis program. The key objectives are to help 
identify the ESD failure mechanism, isolate the cause for 
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failure, and implement corrective action to prevent recur- 
rence. All devices suspected of being damaged by ESD af- 
ter initial electrical verification, should be failure 
analyzed. 

An ESD failure analysis program is outlined below. 

1. Initial electrical test verification. 

2. Review device history to determine if there are any 
similar failures in the past. Review ESD sensitivity data 
if available. 

3. Investigate conditions in any area that can potentially 
cause ESD damage. Common potential problem areas 
include: 

• Proper grounding procedures not being followed 
(e.g., conductive table/floor mats not grounded, per- 
sonnel not wearing wrist strap, etc.) 

• Improper handling (e.g., handling devices at a non- 
ESD protected station) 

• Transporting devices in unapproved containers (e.g., 
in common plastic bags/tubes/tote boxes) 

• Changes in procedures or operation 

• Changes in equipment 

• Design deficiencies 

4. Failure analysis sequence: 

• Bench testing and curve tracer analysis 

• Pin-to-pin analysis 

• Internal visual (10 x to 1000 x) 

• Liquid crystal hot spot detection 

• Scanning electron microscopy (SEM), secondary ion 
mass spectrometry (SIMS), energy dispersive X-ray 
analysis (EDX), scanning auger microprobe (SAM), 
radiography, voltage contrast, electron beam induced 
current (EBIC) 

• Plasma/chemical etching 

• Special fault decoration 

• Micro-sectioning 

• Documentation 

An excellent failure analysis manual is published by the 
Rome Air Development Center titled “Failure Analysis 
Techniques— A Procedural Guide.” 


5. Duplication of failure by stressing identical devices. The 
same or similar electrical failure mode is a good indica- 
tor of an ESD induced failure mode. 

6. Implement corrective action to prevent recurrence. 
Corrective action may include: 

• Component, board, sub-system or system level redesign 

• Improve ESD controls 

• Improve part handling 

• Improve ESD awareness 

• Improve compliance with ESD protection procedures 

• Increase audit frequencies 

• Improve packaging materials and procedures 

Corrective action taken by the end user should include a 
thorough review of electrical and mechanical packaging 
designs. In addition the end user should consult with the 
1C manufacturer on theirfindings, request failure analysis 
of suspected ESD failures if needed and require the 1C 
manufacturer to take appropriate corrective action on any 
confirmed ESD failure. 

ESD Sensitivity (ESDS) Testing 

ESDS testing is crucial in helping the 1C designer and the 
end user evaluate the ESD susceptibility of a particular 
device. At Linear Technology Corporation ESDS testing is 
incorporated into the failure analysis program and is 
performed on each device as part of the product charac- 
terization program. The ESDS testing is also part of new 
product qualification. Linear Technology performs this 
ESDS testing according to MIL-STD-883 Method 3015. 

The ESDS testing provides immediate feedback to the 1C 
designer on any weakness found in the design and permits 
design correction before product release. The ESDS data 
collected is also used as baseline data to evaluate the effect 
of any future design changes on the ESDS testing per- 
formance, and to help ensure that the final packaging 
methods meet MIL-M-38510 requirements. Devices are 
categorized as either Class One, Class Two or Class Three, 
each with a susceptibility range from 0 to 2000 volts, 
above 2000 but below 4000 volts, and above 4000 volts 
respectively. Topside marking with equilateral triangles is 
specified by MIL-M-38510. 
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Since people are considered to be a prime source of ESD, the 
ESDS test circuit is based on a human ESD model. A 1 500fi 
resistor and a lOOpF capacitor are used in the test circuit. 
Human capacitance is typically 50pF to 250pF, with the 
majority of people at lOOpF or less, and human resistance 
ranges from 1 000Q to 50000. An ESD failure is defined as 
a voltage level which causes sufficient damage to the device 
such that it no longer meets the electrical data sheet limits. 

After initial ESDS testing, it is important that ESDS test 
monitoring be performed periodically on devices from 
various lots to determine lot-to-lot variation. The VZAP-2 
report titled “Electrostatic Discharge (ESD) Susceptibility 
of Electronic Devices” published by the Reliability Analysis 
Center, Rome Air Development Center, contains a wealth 
of information on ESDS testing data on devices of different 
process technologies from many manufacturers. The data 
in this report clearly indicates a large lot-to-lot variation 
relating to ESD susceptibility on the same device. 

Design for ESD Protection 

ESD protection designs employed on Linear Technology 
Corporation devices include: 

1. Input clamp diodes 

2. Input series resistors to limit ESD current in conjunc- 
tion with clamp diodes 

3. New ESD Structures 

4. Eliminating metallization runs over thin oxide regions 
when they are tied directly to external pins 

ESD Task Force 

An ESD task force should consist of members from each 
affected department to do the foundation work, sell the 
program to management, and implement the program 
with the following objectives: 

1 . Develop, approve and implement an ESD control speci- 
fication covering all aspects of design, ESD protected 
materials and equipment, and manufacturing 


2. Raise the level of ESD awareness 

3. Develop a training and certification program 

4. Work with all departments on any ESD questions or 
problems 

5. Develop a program to educate and assist sales offices, 
distributors and customers to minimize ESD 

6. Review and qualify new ESD protective materials and 
equipment, and keep specifications and training pro- 
gram upgraded 

7. Measure the cost-to-benefit ratio of the program 

Facilities Evaluation 

The ESD task force should be responsible for facility 
evaluation. This evaluation should be guided by the ESD 
coordinator. The ESD coordinator should be chosen for 
strong knowledge of ESD controls, and for the ability to 
effectively interface with all affected departments. The 
primary objective of the task force is to pinpoint areas that 
represent sources of static electricity and potential yield 
losses due to ESD. 

A representative, preferably the engineering or production 
manager, from each of the key manufacturing areas should 
be represented on this task force. At Linear Technology 
Corporation this effort is headed by the Quality Assurance 
Manager and the Package Engineering Manager. The 
balance of the ESD task force members are the Test Engi- 
neering, Product Engineering, and Production Managers. 

The only equipment needed for this survey is a field static 
meter which measures static up to a level of 50kV. Both 
nuclear and electronic type static meters are available 
from manufacturers like 3M, Simco, Wescorp, Scientific 
Enterprises, Voyager Technologies and ACL. 

Regardless of area classification, all manufacturing areas 
can be broken down into the following categories for 
evaluation purposes. 
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1. Personnel 

Personnel represents one of the largest sources of static, 
from the type of clothing, smocks and shoes that they 
wear (for example, polyester or nylon smocks). 

2. The Environment 

The environment includes the room humidity and floors. 
Relative humidity plays a major part in determining the 
level of static generated. For example, at 10-20% RH a 
person walking across a carpeted floor can develop 35kV 
versus 1.5kV when the relative humidity is increased to 
70%-80%. Therefore the humidity level must be con- 
trolled and should not be allowed to fluctuate over a broad 
range. 

Floors also represent one of the greatest contributors of 
static generation on personnel, moving carts or equipment 
because of movement across its surface. Carpeted and 
waxed vinyl floors are prime static generators. 

3. Work Surfaces 

Painted or vinyl covered table tops, vinyl covered chairs, 
conveyor belts, racks, carts and shelving are also static 
generators. 

4. Equipment 

Anodized surfaces, plexiglass covers, ungrounded solder 
guns, plastic solder suckers, heat guns and blowers are 
also static generators. 

5. Materials 

Look out for common plastic work holders, foam, common 
plastic tote boxes and packaging containers. 

Examples of typical static levels are shown in the table 
below. 


RELATIVE HUMIDITY 

10% -20% 70%-80% 

Walking across a carpeted floor 

35kV 

1.5kV 

Walking across a vinyl floor 

12kV 

0.3kV 

Picking up a common plastic bag 

15kV 

0.5kV 

Sliding plastic box over bench/conveyor 

15kV 

2.0kV 

Ungrounded solder sucker 

8kV 

I.OkV 

Plastic cabinets 

8kV 

I.OkV 


This ESD survey should include all direct and support 
manufacturing areas where semiconductor and other elec- 
tronic components are handled, and should be extended to 
cover distribution and field sales offices, and field service 
centers. Once the facility evaluation is completed, the 
results are reviewed by the ESD task force, and controls 
are selected to combat each potential ESD problem area. 

The ESD Protection Program 

The degree of static control should be determined by the 
most static sensitive device or assembly in the operation. 
Top management support and implementing the same 
basic controls in all areas with no double standards will 
help to ensure success. 

The basic concept of complete static protection is the 
prevention of static buildup, the removal of any already 
existing charges, and the protection of electronic compo- 
nents from induced fields. The first and foremost line of 
defense is the personnel wrist strap togetherwith grounded 
conductive or static dissipative table tops, and conductive 
heel straps and grounded conductive or static dissipative 
floor mats. 

To increase ESD awareness at Linear Technology Corpo- 
ration, all ESD Protection Areas are marked by an identi- 
fying label (for example, label shown below). This label 
alerts all personnel that ESD protection procedures are 
enforced in the area. 



ESD Protected Workstation 

Examples of ESD Protected Workstations are shown in 
Figures 1 and 2. 
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Option 1 (Figure 1): All electronic components, sub-assem- 
blies and assemblies must be handled at an ESD Pro- 
tected Workstation only. The figure illustrates an ESD Pro- 
tected Workstation consisting of a static dissipative table 
mat grounded to earth or electrical ground through a 1 Mfl 
series resistor, with the requirement that the operator 
wears a grounded insulated conductive wrist strap with a 


1M0 series resistor. This IMS] series resistor protects the 
operator from electrical shock, should the operator come 
in contact with a potentially lethal voltage. Option 1 
should be used where the operator does not require a 
large degree of freedom, e.g., during product inspection, 
component soldering, board repair, etc. 



MATERIALS: 1 . 1/16" THICK CONDUCTIVE OR STATIC DISSIPATIVE TABLE MAT WITH SURFACE 
RESISTIVITY OF PER SQUARE. 

2. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM, 1MG±10%, AND 18AWG OR LARGER INSULATED WIRE. 

3. INSULATED CONDUCTIVE WRIST STRAP WITH 1/4W MINIMUM, 1MQ±10%, 
AND 20AWG OR LARGER INSULATED WIRE. THE CURRENT LIMITING IMG 
RESISTOR MUST BE LOCATED RIGHT NEXT TO THE WRIST TO PREVENT THE 
POSSIBILITY OF SHUNTING THE RESISTOR. 

4. POWER TEST EQUIPMENT MUST BE CHASSIS GROUNDED VIA A THREE-PRONG 
PLUG, AND PLACED ON AN INSULATION PAD MADE OF FORMICA, FIBERGLASS 
OR EQUIVALENT MATERIAL. 


Figure 1 



MATERIALS: 1 . OPTIONAL 1/8" THICK CONDUCTIVE OR STATIC DISSIPATIVE MAT OR 

CONDUCTIVE FLOORING (e.g., CONDUCTIVE FLOOR TILES) WITH A SURFACE 
RESISTIVITY OF < 108 « PER SQUARE. 

2. CONDUCTIVE SHOE STRAP WITH A SURFACE RESISTIVITY OF < lO^G PER 
SQUARE. 

3. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1 /2W 
MINIMUM, 1MG±10%, AND 18AWG OR LARGER INSULATED WIRE. 

Figure 2 
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Option 2 (Figure 2): Shows an alternate installation meth- 
od for an ESD Protected Workstation. It consists of a 
conductive or static dissipative floor mat grounded to 
earth or electrical ground through a IMG series resistor 
with the operator wearing a conductive shoe strap. This in- 
stallation is typically used where the operator needs free- 
dom of movement over a large area, e.g., environmental 
chamber loading and unloading, electrical testing, etc. To 
be effective the conductive shoe strap must be attached 
to the wearer’s shoe to maximize contact between the 
strap and the conductive floor. 

Option 3: Utilizes the same conductive or static dissipa- 
tive floor mat installation as Option 2 with the exception 
that the operator is grounded via a wrist strap through the 
equipment ground instead of a conductive shoe strap. It is 
utilized where an operator is working with a piece of free- 
standing equipment and does not require a great deal of 
freedom of movement. 

Handling 

At Linear Technology Corporation all products are han- 
dled, transported and staged in volume conductive tote 
boxes. This offers maximum protection to the compo- 
nents from triboelectrically generated and inductive static 
charges. The rule is under no circumstances should com- 
ponents be removed from their approved containers ex- 
cept at an ESD protected workstation. 

Final Packaging 

Only antistatic and conductive final packaging containers 
(for example, antistatic or conductive dip tubes, volume 
conductive carbon loaded plastic bags or metallic film 
laminate bags, foil lined boxes) are used. Filler (dunnage) 
material used should be antistatic, non-corrosive, and 
should not crumble, flake, powder, shred or be of fibrous 
construction. Conductive packing materials are preferred 
since they not only prevent buildup of triboelectric charge, 
but also provide shielding from external fields. 

Other ESD Preventative Measures 

• Where possible, ban all static bearing materials, 
e.g., common plastics, styrofoam from the work 
environment. 

• Use only synthetic material smocks with 1% to 2% in- 
terwoven steel. 


• Ensure all electronic and electro-mechanical equip- 
ment is chassis grounded, including conveyor belts, va- 
por degreasers and baskets, solder pots, etc. 

• Tips of hand soldering irons are to be grounded. 

• All parts of hand tools (e.g., solder suckers, pliers, etc.) 
which can be expected to come in contact with elec- 
tronic components are to be made of conductive mate- 
rial and grounded. 

• Conductive shorting bars are to be installed on all 
terminations for PC boards with electronic components 
during assembly, loading, inspecting, repairing, solder- 
ing, storing and transporting. 

• All PC boards with electronic components are not to be 
handled by their circuitry, connector points or connec- 
tor pins. 

• High velocity air movement is to be delivered through a 
static neutralizer. 

• Air ionizers are to be employed in neutralizing static 
buildup on insulators if they have to be used or as an ex- 
tra precautionary measure for extremely sensitive 
assemblies. 

• Do not slide electronic components over a surface. 

Air ionizers come in three basic types: nuclear, AC and 
pulsed DC. These ionizers can neutralize static charges on 
non-conductive materials by supplying the materials with 
a stream of both positive and negative ions. 

The advantage of the AC or pulsed DC type air ionizer is 
that there is no recurring annual replacement cost. The 
disadvantages are: it emits ozone which can damage rub- 
ber in equipment; EMI (Electro Magnetic Interference); 
and an imbalance in the stream of ions if not properly 
maintained, therefore necessitating frequent preventive 
maintenance. 

The advantages of the nuclear type air ionizer are low 
maintenance, no ozone, no EMI and no imbalance prob- 
lems. The disadvantages are that it requires careful han- 
dling because of the radioactive source, and the annual 
recurring cost to replace the radioactive source. 

The selection of air ionizers must be done with care with 
awareness of the above limitations. The squirrel cage 
ionized air blower has been proven to produce a signif- 
icantly more even distribution of ion patterns than does a 
conventional fan blower design. 
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Maintenance 

ESD protective floor and table coverings must be properly 
maintained. Do not wax over them. Cleaners must not de- 
grade their electrical properties. Vacuum to remove loose 
particles, followed by a wet mop with a solution of mild 
detergent and hot water. 

Periodic Audits 

At Linear Technology Corporation periodic audits are con- 
ducted to check on the following at least once a month, 
unless otherwise noted. 

• Compliance with ESD control procedures. 

• Ensure that the conductive ground cord connection is 
intact by measuring the series resistance to ground 
with an ohmmeter. 

• Ensure that wrist straps are still functional by measur- 
ing the resistance from the person to ground. The 
ground lead of the ohmmeter is connected to the 
ground connection of the wrist strap, and the positive 
lead is connected to a stainless steel electrode (one 
inch in diameter, and three inches long #304 stainless 
steel) which is held by the person. This test method not 
only checks the resistance of the series resistor, but 
also resistance through the ground cord and also any 
contact resistance between the wrist strap and the per- 
son’s skin. This test procedure is required when wrist 
straps with an elastic nylon band with interwoven 
metallic strands are used, since the metallic strands 
breakdown with prolonged use. This monitor frequency 
may be shortened depending on audit results. 


• Measure the surface resistivity of conductive or static 
dissipative table tops once every 6 months using 
ASTM-F-150-72, ASTM-D-257 or ASTM-D-991 test meth- 
ods as appropriate. 

Materials Selection and Specification 

Based on the tremendous amount of ESD protective 
materials available, it is important that materials are se- 
lected based on a stringent qualification. Once the materi- 
als have been selected and specifications defined, a 
material procurement specification needs to be initiated 
that defines the materials and quality requirements to the 
vendor. One of the major pitfalls is to procure material in 
haste, e.g., a wrist strap, only to find out it does not per- 
form reliably. 

The SOAR-1 report titled “ESD Protective Material and 
Equipment: A Critical Review” published by the Rome Air 
Development Center is an excellent reference on the vari- 
ous types of ESD protective materials available. 

At Linear Technology Corporation a minimum of three 
manufacturing lots from a potential vendor are subjected 
to qualification testing per the requirements of the materi- 
al procurement specification for ESD protective materials. 
The vendor is considered qualified only when all three lots 
are found to be acceptable. Once vendors have been quali- 
fied, all incoming ESD protective materials are subjected 
to a stringent incoming inspection. 

The following table summarizes a sample material and 
test specification for ESD protective materials. 


Wrist Strap Resistance Test Set-Up 
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MATERIAL 

PROPERTIES/ DESCRIPTION 

TEST METHODS 

Wrist Strap 

• Insulated coil cord with a 1MQ ±10%, Va\N minimum 
series resistor molded into snap fastener (at wrist end), 
and an elastic wrist band with inner metallic filaments 
and insulative exterior. 

Measure series resistance with ohmmeter. Apply normal 
tug to both ends of strap and remeasure series resistance. 
Resistance must be between 0.8 to 1 .2MQ. 

Conductive or Static 
Dissipative Table and Floor 
Coverings, Conductive Tote 
Boxes, Conductive Shoe 

Straps 

• Must not shed particles 

• Must not support bacterial or fungal growth 

• Conductive: surface resistivity <10 5 fi/square. Static 
Dissipative: surface resistivity >10 5 and <10 9 fl/square. 

Test per ASTM-F-1 50-72, ASTM-D-257, ASTM-D-991 (for 
surface resistivity <10 6 0/square). 

Conductive Foam 

• Shall not contain more than 30ppm Cl, K, Na when a 
quantitative chemical analysis is performed 

• Must not support bacterial or fungal growth 

With devices inserted into the foam, the foam must not 
cause lead corrosion after a 24 hour 85°C/85% RH 
temperature/humidity storage. 

Antistatic and Conductive 

Dip Tubes 

• Must not exhibit an oily-like film 

Must meet an Electrostatic Decay test per Federal Test 
Method Standard 101 Test Method 4046. Material charged 
to 5000V must be discharged to 1 % of its initial value (50V) 
in 2 seconds after a 24 hour conditioning at 15% relative 
humidity. 

Antistatic and Conductive 

Bags 

• Antistatic bags must meet MIL-B-81705 type 2 

• Conductive bags must meet MIL-B-117 and sealing 
requirements of MIL-B-81705 

• Must not support bacterial or fungal growth 

Test method for antistatic bags same as for antistatic/ 
conductive dip tubes. Test method for conductive bags 
same as for conductive table/floor coverings. 

Static Eliminators/Ionized Air 
Blowers 

• Ozone level: 0.1 ppm maximum for 8 hour exposure 

• Noise: 60dB maximum 

• EMI: non-detectable when measured 6 inches away 

Voltage Decay test: A non-conductive sheet of material 
charged to 5kV must be discharged to 1 % of its initial value 
(50V) in 2 seconds at a distance of 2 feet from the ionizer or 
larger distance if application calls for a larger distance. 


Training and Certification Program 

The training program should be developed to increase 
ESD awareness and to assist all personnel in complying 
with the ESD control specification. The program should 
include: 

1. A discussion on "What is Static Electricity?” 

2. How ESD affects ICs 

3. Estimated cost of ESD related losses 

4. Materials and equipment for controlling static 

5. The importance of wearing the wrist strap 

6. The importance of an audit program 

7. Encourage floor personnel to feedback any ESD poten- 
tial areas to the ESD task force 

ESD training should be incorporated into the personnel 
training and certification program. At Linear Technology 
Corporation only fully trained and certified personnel are 
allowed to do actual production work. To help increase 


ESD awareness, it is often a good idea to show ESD 
awareness films and video tapes which are available from 
a variety of sources (Reference 3 provides a list of films 
and video tapes). Personnel are retrained and recertified at 
a minimum frequency of once per year. 

Measuring the Benefits 

Where possible, the benefits of an ESD Protection Pro- 
gram should be tracked and quantified. The two yard- 
sticks used at Linear Technology Corporation are final test 
yields and QA electrical average outgoing quality (AOQ). 
Since the implementation of this program, there has been 
a significant improvement in final test yields especially on 
static sensitive CMOS devices. With the elimination of 
ESD as a potential failure cause, the electrical AOQ has 
averaged well under lOOppm for all products combined. 
Improvements such as this help to provide positive feed- 
back to manufacturing and support personnel on the im- 
portance of an ESD Protection Program, and also help to 
ensure its continuing success. 
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Linear Technology has an active Statistical Process 
Control (SPC) System. It operates via the interrelated 
mechanisms of: a structure, control charts with built-in 
contingency action plans, operational area documentation 
(flowcharts and control plan details), an SPC training 
program, each of which is defined in the Company’s 
officially controlled SPC specification. 

STRUCTURE 

At the core of the SPC system are the Process (or Preven- 
tive) Action Teams (PATs). These cross-functional teams 
are comprised of individuals directly involved with a 
process element or problem. In a production operation, 
they typically involve production operators, lead opera- 
tors, maintenance, engineering, and/or supervision. In a 
non-production operation, the PATs are comprised of 
operating employees and representatives of related 
functions. 

Each operating group (e.g., Wafer Fab) has a formal SPC 
presence in the form of a SPC Quality Control Team (QCT) . 
These SPC QCTs are comprised mostly of the manager 
and staff of that particular operating unit bearing the 
responsibility to implement and maintain SPC within their 
respective areas. 

This QCT structure is the leadership of that operating unit, 
and as such, sanctionsthe various PATs within its jurisdic- 
tion as they implement and maintain SPC and/or solve 
specific problems in their respective areas. I n addition , the 
QCT conducts monthly reviews of SPC charts, action 
items, and new programs. 

The QCTs, in turn, report to the SPC Steering Committee. 
This body consists of the President, Chief Operating 
Officer, Vice President of Operations, Vice President of 
Quality & Reliability, and the SPC Manager. Thus, it has 
the corporate leadership responsibility for SPC at Linear 
Technology. 



Figure 1. Linear Technology Corporation 
SPC Quality Control Teams 


CONTROL CHARTS 

The control charts at Linear Technology are manually 
charted by the operators to insure they are the custodians 
of the process, its trends, and defined corrective measures 
(as opposed to computerized SPC charting). 

The contingency action plan, known as the Out-of-Control 
Action Plan (OCAP), defines the specific corrective actions 
when the process experiences out-of-control situations. 
No control chart is put in place without an OCAP. This 
strategy has in effect empowered the work force, while 
freeing the Engineering staff for systematic and continu- 
ous improvement. 

FLOW CHARTS AND CONTROL PLAN DETAILS 

The flow charts serve to graphically display the flow of 
products in each operational area, as well as define and 
communicate the critical nodes of that operation. The 
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details of each critical node are defined in the Control Plan 
Detail, which serves as a planning, reporting, and commu- 
nication tool. 

An example of a flow chart and the related Control Plan 
Detail for one operational area (e.g., The Wafer Fabrication 
Area) Figure 2, and Table 1 follows: 


SPC-1 


SPC-2 

SPC-3 



Initial Ox 

Collector Mask 

Collector Diffusion 

Epi Growth 
Isolation Mask 

Isolation Diffusion 

Base Mask 

Base Deposition 
Emitter Mask 

Emitter Diffusion 

Low-Pressure Oxide 
(Oxide) 


SPC-4 



Capacitor Oxide 

Contact Mask 

Metal Deposition 

Metal Mask 
Alloy 

Electrical Test 

Low-Pressure Oxide 
(Metal) 

PECVD Nitride 

Pad Mask 

Backlap 

Backside Metal 

Transfer to 
Wafer Sort 


Figure 2. General Bipolar Wafer Fabrication Flow Chart 


TRAINING PROGRAM 

In order to pursue and continue the smooth operation of 
the SPC System within LTC, an all-encompassing instruc- 
tional program for employees was initiated according to 
the following plan. 

Each employee designated for SPC training is classified 
into one of three groups, and attends the specific class- 
room instruction for that classification. The courses and 
length of training (hours) for each group are designated in 
Table 2. 

The content of the Training Courses is as follows: 

BASIC SPC: Philosophy of SPC, concepts of variation, 
control, capability; tools and techniques for control and 
capability, including histograms, capability studies, con- 
trol charting; 8D problem solving, including normality, 
brainstorming, cause and effect diagramming, Pareto 
analysis, capability index/ratio. 

ADVANCED SPC: Review of basic concepts, fundamentals 
of Measurement System Evaluation (Gage R&R), process 
capability studies, determination and use of control charts, 
i.e., Xbar & R, Median & R, X & Moving R, p, np, u, and c 
chart techniques. Chart interpretation and the basics of 
attributes sampling system. 


Table 1. Linear Technology Corporation Process Control Plan Detail for Bipolar Wafer Fab 


SPC Node 
and Process 

Critical 

Features 

Measurement 

Method 

Sample 

Size 

Sample 

Frequency 

SPC Control 
System 

MSE 

(Gage R and R) 

Process C 
Cp 

Capability 

Cpk 

Status 

(SPC-1) 

Epi 

Growth 

Resistivity 

4-Point 

Probe 

2 

Batch 

Xand Moving 

R Chart with 
Adaptive Control 

Acceptable 

1.59-1.89 

1.12-1.41 

On Line 

(SPC-2) 

Base Mask 

CDs 

0SI-VLS1 

1 Site/ 

3 Wafers 

Batch 

Xbar and 

R Chart with 
Adaptive Control 

Acceptable 

1.54 

1.54 

Out of 
Control 

(SPC-3) 

Base 

Deposition 

Sheet 

Resistance 

4-Point 

Probe 

3 Sites/ 

3 Wafers 

Batch 

Xbar and 

R Chart 

Acceptable 

1.64-1.70 

1.59-1.63 

On Line 

(SPC-4) 

LPOM 

Thickness 

Nanospec 

5 Sites/ 

3 Wafers 

Batch 

Xbar and 

R Chart 

Acceptable 

1.82-2.31 

1.74-1.94 

On Line 
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Table 2. 


Group # 

Trainee Audience 

Basic SPC 

Advanced SPC 

D.O.E. 

TEAMORG. 

TOTAL 

1 

Engineering (Technical) 

15 

20 

24 

4 

63 

2 

Management/Supervision Technicians 

15 

20 

— 

4 

39 

3 

Operators 

15 

. - 

Z i 

- 

15 


DESIGN OF EXPERIMENTS: Philosophy and need of ex- 
perimental design, experimental methodologies utilizing 
Fisher & Taguchi concepts. Response Surface Methodol- 
ogy for parameters and tolerance designs, including 
ANOVA, and analysis of co-variance. 

TEAM ORGANIZATION: An outline of the SPC organization 
within Linear Technology, the concepts of the SPC Quality 
Control Teams (SPC QCTs) and Preventive/Process Ac- 
tion Teams (PATs). Strategies for Detailed Control Plans 
and Out-of-Control Action Plans (OCAPs). Concepts of 
team effectiveness. 

Manufacturing Excellence 

One of the Linear Technology goals is manufacturing 
excellence. The traditional SPC techniques seek to pro- 
duce processes that are capable and in control. To im- 
prove those processes and to determine rational param- 
eters and specification tolerance of new products and 
processes requires the Design of Experiments (DOEs) 
methodology. 

Linear Technology actively pursues the screening tech- 
niques described by Fisher as well as the optimization 
techniques of Box and Taguchi. These latter techniques, 
known as Response Surface Methodology and Taguchi 
Methods, are particularly useful in developing robust 
products and processes, with a minimum of sensitivity to 
process variation. 

Contribution to Quality 

Contribution to quality improvement has evolved from one 
dominated by ATTRIBUTE INSPECTION (pass/fail) to one 
involving a mixture of SPC and attribute inspection. As we 


progress further, the contribution of Design of Experi- 
ments will become significant. Products and processes 
developed using the DOE tools will have the quality built- 
in. The consequence of this built-in quality is predictable 
performance at the lowest possible cost. 



TIME »- 

Figure 3. The Semiconductor Quality Evolution 

The concepts of SPC and DOE have already been institu- 
tionalized within Linear Technology and will provide 
the methodology to ensure a process of continuing im- 
provement. 
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Introduction 

Linear Technology Corporation was founded in 1981 to 
address the growing demand for high performance and 
superior quality linear integrated circuits. 

Today, Linear Technology has successfully established a 
leadership position by introducing and supplying leading 
edge products in each of the industry’s basic functional 
groups — op amps, comparators, voltage regulators, 
references, switched-capacitorfilters, interface, data con- 
version, and a variety of special function CMOS devices, in 
all major package styles. 

Early on, Linear Technology made the commitment to 
provide advanced technology, surface mount packaging. 
This made Linear Technology the first company to offer 
true precision and high performance linear devices across 
the full range of functional categories, plus many of the 
popular second-source devices in JEDEC Standard SO-8, 
14, 16 and SOL-16, 18, 20 and 28 pin packages. 

The continuing demand for more complete surface mount 
designs has spurred the introduction of two power surface 
mount packages by LTC — the 3 lead SOT-223 and the 
DD package available in 3, 5, and 7 lead versions. Many 
LTC power products are now being introduced in these 
packages which, for the first time, enables high power 
designs to be realized using 1 00% surface mount devices. 
Support for Linear Technology’s surface mount devices 
includes service for tape and reel, antistatic rails, quality 
and reliability data, and data sheets on each product. 

Linear Technology intends to address customer demand 
for surface mount devices where technology and die sizes 
permit, making the combination of small package size and 
high performance linear devices readily available to our 
users. 


This section contains information summarizing Linear 
Technology’s capabilities and services for surface mount 
packaged products, as well as specific device data sheets. 

Package Descriptions 

Linear Technology’s SO packages conform to Standard 
JEDEC SOIC outlines. 

In some instances, an LTC product available in an 8-pin 
standard DIP package is offered in a 1 6-pin SOL package. 
This covers the situation where the die is too large to be 
accommodated by the smaller SO-8 package. Although it 
is preferable for an SO-8 device to have the same pinout as 
the standard 8-pin dual-in-line version, some devices 
necessitate a rotation of the die to fit in the SO-8 package. 
Please refer to the applicable SO device data sheet, or 
consult with the factory to verify exact pinouts for each 
device. 

Electrical Specifications 

Wherever possible, electrical specifications fora surface 
mount technology (SMT) device are the same as the 
plastic molded equivalent. Exceptions to this are identified 
by the omission of the standard product electrical grade 
designator from the part number. 

For example: 

- LT1013DS8 has the same electrical specifications 
as LT1013DN8, since the “D” is common to both 
product numbers. 

- LT1 01 2S8 has one or more different electrical speci- 
fications than LT1012CN8, as the “C” is missing 
from this product designator suffix. 

Please consultthe appropriate SMT package datasheetfor 
complete electrical specifications. 
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Marking 

Because of the limited space available for part marking on 
some SMT packages, abbreviated marking codes are used 
to identify the device. These codes, if used, are identified 
in the individual SMT package data sheets. 

Recommended Solder Pads 

SO-8, SO-14, SO-16 



SOL-16, SOL-18, SOL-20, SOL-24, SOL-28 


Lead Finish and Solderability 

Lead finish is electroplated, lead-tin, with a low carbon 
content. Solderability meets the requirements of MIL- 
STD-883C, Method 2003. Recommended solder pads are 
given in Figure 1. 


3-Lead DD 



NOTE: ALL DIMENSIONS ARE IN INCHES 



Figure 1. Recommended Solder Pads 
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7-Lead DD 


0.4 

20 




o.a 

50 

0.565 

L i 



□dJe 

innn h . 


0.035 


NOTE: ALL DIMENSIONS ARE IN INCHES 


3-Lead SOT-223 



Figure 1. Recommended Solder Pads (Continued) 


Wave and Reflow Soldering 

Following are the recommended procedures for soldering 
surface mount packages to PC boards. 

1. Wave Soldering 

• Use solder plating boards. 

• Dispense adhesive to hold components on board. 

• Place components on board. 

» Cure adhesive per adhesive manufacturer’s specifi- 
cation. 

• Foam flux using RMA (Rosin Mildly Activating) flux. 

• Wave solder using a dual wave soldering system at 
240°C to 260°C for 2 seconds per wave. 

• Clean board. 

2. Reflow Soldering 

• Use solder plating boards. 

• Screen solder paste on board. 

• Mount components on board. 

• Bake for 1 5-20 minutes at 65°C to 90°C. 

• Preheat to within 65°C of the solder temperature. 

• Reflow solder paste. The solder paste temperature 
must be 200°C for at least 30 seconds. LTC recom- 
mends vapor phase or infrared reflow systems for 
best performance. 

• Clean boards. 

• Hand soldering of DD and SOT-223 packages is not 
recommended. 

Thermal Information 

Table 1 shows the range of junction-to-ambient thermal 
resistance of SO and SOL devices mounted on a PCB of 
FR4 material with copper traces, in still air at 25°C. Oja 
with a ceramic substrate is about 70% of the FR4 value. 
Maximum power dissipation may be calculated by the 
following formula: 


Rtmax [TA] = 


1jMAX-~T A 

0 JA 
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where lj max = Maximum operating junction temperature. 
Ta = Desired ambient operating temperature. 
9ja = Junction-to-ambient thermal resistance. 


Table 1 . Typical Thermal Resistance Values 


SO-8 

150° to 200°C/W 

SOL-18 

70° to 100°C/W 

SO-14 

100° to 1 40°C/W 

SOL-20 

70° to 90°C/W 

SO-16 

90° to 130°C/W 

SOL-24 

60° to 80°C/W 

SOL-16 

85° to 100°C/W 

SOL-28 

55° to 75°C/W 


Conditions: PCB mount on FR4 material, still air at 25°C, copper trace. 


Thermal resistance for power packages (DD and SOT-223) 
depends greatly on the individual device type. Please 
consult the device data sheets for thermal information. 

More current data, by device type, may be obtained by 
contacting Linear Technology Corporation, Marketing 
Department. 

Tape and Reel Packing 

Tape and reel packing is available for all SO, SOL, SOT-223 
and DD packages in accordance with EIA Specification 
481 -A. Table 2 lists the applicable tape widths, dimen- 
sions, and quantities for all LTC small-outline products. 
Consult factory for tape and reel pricing and minimum 
order requirements. 


Table 2. Tape and Reel Packing Specifications 


PACKAGE 

TAPE 

SIZE 

P 

COMPONENT 

PITCH 

Po 

HOLE 

PITCH 

REEL 

DIAMETER 

PARTS 

PER 

REEL 

S0-8 

12mm 

8mm 

4mm 

13" 

2500 

S0-14 

16mm 

8mm 

4mm 

13" 

2500 

S0-16 

16mm 

8mm 

4mm 

13" 

2500 

SOL-16 

16mm 

12mm 

4mm 

13" 

1000 

S0L-18 

24mm 

12mm 

4mm 

13" 

1000 

SOL-20, 24, 28 

24mm 

12mm 

4mm 

13" 

1000 

DD 

24mm 

16mm 

4mm 

13" 

750 

SOT-223 

16mm 

12mm 

4mm 

13" 

2000 


Plastic Tube Packing 

Linear Technology SO, SOL, SOT-223 and DD packaged 
devices are packed in “antistatic” plastic tubes with the 
dimensions indicated in Figure 2. Unit quantities per tube 
are as listed in Table 3. 


Table 3. Devices Per Tube 


SO-8 

100 ea. 

SOL-16 

47 ea. 

SO-14 

55 ea. 

SOL-18 

40 ea. 

SO-16 

50 ea. 

SOL-20 

38 ea. 

DD 

50 ea. 

SOL-24 

32 ea. 

SOT-223 

78 ea. 

SOL-28 

27 ea. 
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plastic Time speciFicnTions 


SO Package Shipping Tube 


SOL Package Shipping Tube 



Length: 20.50 + ] 1 ™ 


inches 


SOT-223 Package Shipping Tube 




(0.20 ± 0.005) R (0.020) 

4X, REF smp • os 


Note 1: Tolerances: ±0.010 unless otherwise specified. 

Note 2: Material: anti-static treated rigid transparent PVC or rigid black conductive. 
Note 3: Printing: “LTC logo, Linear Technology Corp., Antistatic” on top side of tube. 


Figure 2 
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Embossed Carrier Dimensions (12mm, 16mm, 24mm Tape Only) 


10 PITCHES 
CUMULATIVE 



Embossed Tape — Constant Dimensions 


Tape Size 

D 

E 

Po 

t(Max.) 

Ao Bo Ko 

12mm, 

16mm, 

24mm 

■i c +0.10 

-0.0 

0.059 +0 ' 004 
-0.0 

1.75 ±0.10 
(0.069 ±0.004) 

4.0 ±0.10 
(0.1 57 ±0.004) 

0.400 

(0.016) 

See Notel 


Embossed Tape Variable Dimensions 


Tape Size 

Max. 

Di Min. 

F 

K Max. 

P 2 

R Min. 

W 

12mm 

8.2 

(0.323) 

1.5 

(0.059) 

5.5 ±0.05 
(0.217 ±0.002) 

6.5 

(0.177) 

2.0 ±0.05 
(0.079 ±0.002) 

30 

(1.181) 

12.0 + 0.30 
(0.472 ±0.012) 

16mm 

12.1 

(0.476) 

7.5 ±0.10 
(0.295 ±0.004) 

6.5 

(0.256) 

2.0 ± 0.10 

40 

(1.575) 

16 ±0.30 
(0.630 ±0.01 2) 

24mm 

20.1 

(0.791) 

11.5 + 0.10 
(0.453 ±0.004) 

(0.079 ±0.004) 

50 

(1.969) 

24 ±0.30 
(0.945 ±0.01 2) 


Note 1: Ao Bo Kq are determined by component size. The clearance 
between the component and the cavity must be within 0.05 (0.002) min. 
to 0.65 (0.026) max. for 12mm tape, 0.05 (0.002) min. to 0.90 (0.035) 
max. for 16mm tape and 0.050 (0.002) min. to 1 .00 (0.039) max. for 


24mm tape and larger. The component cannot rotate more than 20° within 
the determined cavity, see Component Rotation. 

Note 2: Tape and components shall pass around radius “R” without 
damage. 
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SURFACE MOUNT PRODUCTS 


TflPC flflD R€€L SPCCIFICRTIOnS 


Component Rotation 


Bending Radius 




Tape Camber (Top View) 



Allowable camber to be Imm/IOOmm nonaccumulative over 250mm 


Tape Leader (Start/End) Specification (SO Packages) 



CARRIER TAPE 


END / START 


!> o o((cr*o o((o o o((o o 

COVER TAPE 

□ [j|] r 


□I n rf 


MIN 160mm (6.30) ► 

COMPONENTS — ^ 

MIN 390mm (15.35) 

■* MAX 560mm (22.05) 


EMPTY COMPONENT POCKETS EMPTY COMPONENT POCKETS 

SEALED WITH COVER TAPE SEALED WITH COVER TAPE 


USER DIRECTION OF FEED 


rrunm 
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SOT-223 Devices 
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DD Pack Devices 
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SURFACE MOUNT PRODUCTS 








SURFACE MOUNT PRODUCTS 


Surface Mount Small Outline (SO), DD and SOT Device Packaging 

Linear Technology now offers a continually increasing number of high package, SSOP (Shrink Small Outline), and the SOT-223 packages per the 
performance CMOS and bipolar linear devices in surface mount packages. At JEDEC standard outlines. For pinout configuration and electrical specification 

the time of this printing, the following device types were available from LTC limits consult either your LTC sales representative or the factory, 

packaged in the SO (Small Outline Package), SOL (Large Outline), DD power 


PRODUCT 


DESCRIPTION | 

Operational Amplifiers 

LF398 

S8 

Sample & Hold Amp 

LM318 

S8 

Fast Op Amp 

LT1001C 

S8 

Precision Op Amp 

LT1006 

S8 

Precision Single Supply Op Amp 

LT1007C 

S8 

Low Noise, High Speed, Precision Op Amp 

LT1008 

S8 

Uncompensated, Picoamp Input Current, Precision 



Op Amp 

LT1012 

S8 

Picoamp Input Current, Precision Op Amp 

LT1013D 

S8 

Dual Precision Single Supply Op Amp 

LT1013I 

S8 

Dual Precision Single Supply Op Amp 

LT1014D 

S 

Quad Precision Single Supply Op Amp 

LT10141I 

S 

Quad Precision Single Supply Op Amp 

LT1028C 

S8 

Ultra Low Noise Op Amp 

LT1037C 

S8 

Low Noise, High Speed Precision Op Amp 

LT1055 

S8 

JFET Input, High Speed, Precision Op Amp 

LT1056 

S8 

JFET Input, High Speed, Precision Op Amp 

LT1057 

S8 

Dual JFET Input, High Speed, Precision Op Amp 

LT1057I 

S8 

Dual JFET Input, High Speed, Precision Op Amp 

LT1058 

S 

Quad JFET Input, High Speed, Precision Op Amp 

LT1058I 

S 

Quad JFET Input, High Speed, Precision Op Amp 

LT1077 

S8 

Precision Micropower Op Amp 

LT1078 

S8 

Dual Precision Micropower Op Amp 

LT1078I 

S8 

Dual Precision Micropower Op Amp 

LT1079 

S 

Quad Precision Micropower Op Amp 

LT1079I 

S 

Quad Precision Micropower Op Amp 

LT1097 

S8 

Low Cost, Low Power, Precision Op Amp 

0P97F 

S 

Order Pin/Pin Replacement LT1097S8 

LT1112 

S8 

Dual Precision Op Amp 

LT1113C 

S8 

Dual Low Noise, Precision, JFET Input Op Amp 

LT1115C 

S 

50MHz, 11V/|is, InV/VHz Audio Op Amp 

LT1122C 

S8 

Fast Settling, JFET Input Op Amp 

LT1122D 

S8 

Fast Settling, JFET Input Op Amp 

LT1124C 

S8 

Dual Low Noise, High Speed, Precision Op Amp 

LT1125C 

S 

Quad Low Noise, High Speed, Precision Op Amp 

LT1126C 

S8 

Decomp Dual Low Noise, High Speed, Precision Op Amp 

LT1127C 

S 

Decomp Dual Low Noise, High Speed, Precision Op Amp 

LT1128C 

S8 

Unity-Gain Stable Ultra Low Noise Op Amp 

LT1178 

S8 

Dual Precision Micropower Op Amp 

LT1179 

S 

Quad Precision Micropower Op Amp 

LT1187C 

S8 

Low Power Video Difference Amp 

LT1189C 

S8 

Low Power Video Difference Amp 

LT1190C 

S8 

50MHz High Speed Video Op Amp 

LT1191C 

S8 

90MHz High Speed Video Op Amp 

LT1192C 

S8 

350MHz (Ay > 25)High Speed Video Op Amp 

LT1193C 

S8 

80MHz (Adj Gain) High Speed Video Op Amp 

LT1194C 

S8 

35MHz (Ay = 10) Fixed Differential Video Op Amp 

LT1195C 

S8 

Low Power, High Speed Op Amp 

LT1200C 

S8 

Low Power, High Speed Op Amp 

LT1201C 

S8 

Dual Low Power, High Speed Op Amp 

LT1202C 

S 

Quad Low Power, High Speed Op Amp 

LT1206C 

S8 

250mA, 60MHz Current Feedback Amplifier 

LT1206C 

R 

250mA, 60MHz Current Feedback Amplifier 

LT1208C 

S8 

Dual Very High Speed Op Amp 

LT1209C 

S 

Quad Very High Speed Op Amp 

LT1211C 

S8 

14MHz Dual Precision Op Amp 

LT1212C 

S 

14MHz Quad Precision Op Amp 

LT1213C 

S8 

28MHz Dual Precision Op Amp 

LT1214C 

S 

28MHz Quad Precision Op Amp 

LT1215C 

S8 

23MHz Dual Precision Op Amp 

LT1216C 

S 

23MHz Quad Precision Op Amp 

LT1217C 

S8 

Low Power, 10MHz Current Feedback Amplifier 

LT1220C 

S8 

Very High Speed Op Amp 

LT1221C 

S8 

Very High Speed Op Amp (Ay > 4) 

LT1222C 

S8 

Very High Speed Op Amp (Ay > 1 0,Ext Comp) 


PRODUCT 

DESCRIPTION 

LT1223C 

S8 

100MHz Current Feedback Amplifier 

LT1224C 

S8 

45MHz Very High Speed Op Amp 

LT1225C 

S8 

150MHz (Ay > 5) High Speed Op Amp 

LT1226C 

S8 

1GHz (Ay > 25) High Speed Op Amp 

LT1227C 

S8 

140MHz High Speed Current Feedback Op Amp 

LT1228C 

S8 

100MHz Current Feedback Amplifier w/DC Gain Control 

LT1229C 

S8 

Dual 100MHz Current Feedback Amplifier 

LT1230C 

S 

Quad 100MHz Current Feedback Amplifier 

LT1252C 

S8 

Low Cost Video Amplifier 

LT1253C 

S8 

Low Cost Dual Video Amplifier 

LT1254C 

S 

Low Cost Quad Video Amplifier 

LT1256C 

S 

40MHz DC Gain Controller Amplifier 

LT1259C 

S 

Dual 130MHz CFA with SHUTDOWN 

LT1260C 

S 

Triple 130MHz CFA with SHUTDOWN 

LT1355C 

S8 

Dual 12MHz, 400V/ps Op Amp 

LT1356C 

S 

Quad 12MHz, 400V/ps Op Amp 

LT1358C 

S8 

Dual 25MHz, 600V/|js Op Amp 

LT1359C 

S 

Quad 25MHz, 600V/ps Op Amp 

LT1360C 

ss 

50MHz, 800V/jas Op Amp 

LT1361C 

S8 

Dual 4mA, 50MHz 800V/ps Op Amp 

LT1363C 

S8 

70MHz, 1 OOOV/jlis Op Amp 

LT1364C 

S8 

Dual 6mA, 70MHz 1000V/|iS Op Amp 

LT1413 

S8 

Dual Single-Supply, Precision Op Amp 

LT1457 

S8 

Dual Precision JFET Op Amp, C-Load™ 

LTC1047C 

S 

Dual Micropower Zero-Drift Op Amp w/lnternal Caps 

LTC1049C 

S8 

Low Power Zero-Drift Op Amp w/lnternal Caps 

LTC1050C 

S8 

Zero-Drift Op Amp w/lnternal Caps 

LTC1051C 

S 

Dual Zero-Drift Op Amp w/lnternal Caps 

LTC1052C 

S 

Low Noise Zero-Drift Op Amp 

LTC1053C 

S 

Quad Precision Zero-Drift Op Amp w/lnternal Caps 

LTC1150C 

S8 

±15V Zero-Drift Op Amp w/lnternal Caps 

LTC1151C 

S 

Dual ±1 5V Zero-Drift Op Amp 

LTC1152C 

S8 

Rail-to-Rail Input/Output Zero-Drift Op Amp 

LTC1250C 

S8 

Ultra Low Noise Zero-Drift Op Amp 

OP-07C 

S8 

Precision Op Amp 

0P-27G 

S8 

Low Noise, High Speed, Precision Op Amp 

OP-37G 

S8 

Low Noise, High Speed, Precision Op Amp 

OP-470G 

S 

Quad Low Noise, Precision Op Amp 

| Instrumentation Amps 

LTC1100AC 

S 

Consult Factory 

LTC1100C 

S 

Chopper Stabilized Instrumentation Amp 

LT1101 

S 

Precision Micropower Instrumentation Amp 

| Comparators 

LT1011C 

S8 

Precision Volt Comparator 

LT1016C 

S8 

High Speed Comparator 

LT1016I 

S8 

High Speed Comparator 

LT1017C 

S 

Micropower Dual Comparator 

LT1017I 

S8 

Micropower Dual Comparator 

LT1018C 

S8 

Micropower Dual Comparator 

LTC1040C 

S 

Micropower Dual Sampling Comparator 

LT1116C 

S8 

High Speed, Ground-Sensing Comparator 

| Data Acquisition 

LTC1090C 

S 

10-Bit A/D with 8 Ch MUX&S/H 

LTC1093C 

S 

10-Bit A/D with 6 Ch MUX&S/H 

LTC1096AC 

S8 

8-Bit Micropower A/D with S/H 

LTC1096C 

S8 

8-Bit Micropower A/D with S/H 

LTC1098AC 

S8 

8-Bit Micropower A/D with S/H 

LTC1098C 

S8 

8-Bit Micropower A/D with S/H 

LTC1099C 

S 

8-Bit High Speed ADC with S/H 

LTC1 196-1 AC S8 

8-Bit, 600ns, 1MHz Sampling ADC 

LTC1196-1BC S8 

8-Bit, 600ns, 1MHz Sampling ADC 

LTC1196-2AC S8 

8-Bit, 710ns, 800kHz Sampling ADC 

LTC1196-2BC S8 

8-Bit, 71 Ons, 800kHz Sampling ADC 


C-Load is a trademark of Linear Technology Corporation 
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SURFACE MOUNT PRODUCTS 


Surface Mount Small Outline (SO), DD and SOT Device Packaging 


PRODUCT 

DESCRIPTION 

LT1107C S8 

jxPower DC/DC Converter Works Down to 2 V Input, 

S8-5.12 

Adjustable & Fixed 5 V, 12V Outputs 

LT1108C S8 

(iPower DC/DC Converter Works Down to 2 V Input, 

S8-5, 12 

Adjustable & Fixed 5 V, 12V Outputs 

LT1109AC S8 

(iPower DC/DC Converter with Shutdown & 100kHz 
Swtiching Frequency, Adjustable & Fixed 5V, 12V Outputs 

LT1109AC S8-5 

liPower Switching Regulator, 5V Output 

LT1109AC S8-12 

(iPower Switching Regulator, 12V Output 

LT1109C S8 

(iPower DC/DC Converter with Shutdown & 100kHz 

S8-5, 12 

Switching Frequency, Adjustable & Fixed 5 V, 12V Outputs 

LT1110C S8 

liPower DC/DC Converter Works Down to IV Input, 

S8-5.12 

Adjustable & Fixed 5 V, 12V Outputs 

LT1111C S8 

liPower Switching Regulator Works Down to 2V Input, 

S8-5, 12 

Adjustable & Fixed 5 V, 12V Outputs 

LT1111I S8 

liPower Adjustable Switching Regulator 

LT1117C M 

Adjustable Low Dropout Regulator 

LT1117C M-3.3 

3.3V Low Dropout Regulator 

LT1117C M-5 

5 V Low Dropout Regulator 

LT1117C ST 

Low Dropout 800mA Adjustable Regulator 

LT1117C ST-5 

Low Dropout 800mA Regulator, 5 V 

LT1117C ST-2.85 

Active SCSI-2 Terminator, 2.85V 

LT1117C ST-3.3 

Low Dropout 800mA Fixed 3.3V Regulator 

LT1120AC S8 

(iPower Voltage Regulator and Comparator with Shutdown 

LT1120C S8 

liPower Low Dropout Regulator with Shutdown 

LT1121AC S8 

liPower Low Dropout Regulator with Shutdown, 

S8-3.3, 5 

Adjustable & Fixed 3.3V, 5V Outputs 

LT1121AI S8 

Adjustable Low Dropout pP Regulator 

LT1121AI S8-3.3 

3.3V Low Dropout pPower Regulator 

LT1121AI S8-5 

5 V Low Dropout liPower Regulator 

LT1121C S8 

liPower Low Dropout Regulator with Shutdown, 

S8-3.3, 5 

Adjustable & Fixed 3.3V, 5 V Outputs 

LT1121C ST-3.3,5 

liPower Low Dropout Regulator, Fixed 3.3 V, 5V Output 

LT1121I S8 

Adjustable Low Dropout (iPower Regulator 

LT1121I S8-3.3 

3.3V Low Dropout (iPower Regulator 

LT1121I S8-5 

5 V Low Dropout liPower Regulator 

LT1121I ST-3.3 

3.3V Low Dropout pPower Regulator 

LT1121I ST-5 

5V Low Dropout pPower Regulator 

LT1123C ST 

Low Dropout Regulator Driver 

LT1129C Q 

700mA pPower Low Dropout Voltage Regulator 

LT1129C Q-3.3 

700mA pPower Low Dropout Voltage Regulator 

LT1129C Q-5 

liPower Low Dropout Regulator, Fixed 5V Output 

LT1129C S8 

Adjustable 700mA pPower Low Droput Regulator 

LT1129C S8-3.3 

3.3V 700mA (iPower Low Droput Regulator 

LT1129C S8-5 

5 V 700mA (iPower Low Droput Regulator 

LT1129C ST-3.3 

700mA pPower Low Droput Regulator 

LT1129C ST-5 

liPower Low Dropout Regulator, Fixed 5 V Output 

LT1129I Q 

700mA (iPower Low Dropout Voltage Regulator 

LT1129I Q-3.3 

700mA pPower Low Dropout Voltage Regulator 

LT1129I Q-5 

700mA pPower Low Dropout Voltage Regulator 

LT1129I S8 

Adjustable 700mA pPower Low Droput Regulator 

LT1129I S8-3.3 

3.3 V 700mA pPower Low Droput Regulator 

LT1129I S8-5 

5 V 700mA pPower Low Droput Regulator 

LT1129I ST-3.3 

700mA pPower Low Droput Regulator 

LT1129I ST-5 

700mA pPower Low Droput Regulator 

LT1170C Q 

100kHz 5A Switching Regulator, 5-Lead DD Pkg 

LT1171C Q 

100kHz 2.5A Switching Regulator, 5-Lead DD Pkg 

LT1172C S8 

100kHz 1.25A Switching Regulator 

LT1172C S8 

1.25A High Efficiency 1 00kHz Switching Regulator 

LT1172C Q 

100kHz 1.25A Switching Regulator, 5-Lead DD Pkg 

LT1172I S8 

100kHz 1.25A Power Switching Regulator 

LT1173C S8 

pPower Switching Regulator for Inputs Greater than 

S8-5.12 

Greater than 2 V. Adjustable & Fixed 5 V, 12V Versions 

LT1176C S 

100kHz 1 A Step-Down Switching Regulator with Shutdown 

LT1176C S-5 

5V 1A Step-Down Switching Regulator 

LT1241C S8 

Current Mode PWM Controller 

LT1241I S8 

Current Mode PWM Controller 

LT1242C S8 

Current Mode PWM Controller 

LT1242I S8 

Current Mode PWM Controller 

LT1243C S8 

Current Mode PWM Controller 

LT12431 S8 

Current Mode PWM Controller 

LT1244C S8 

Current Mode PWM Controller 


PRODUCT 

DESCRIPTION 

LTC1 198-1 AC S8 

2-Channel, 8-Bit, 600ns, 750kHz, Sampling ADC 

LTC1198-1BC S8 

2-Channel, 8-Bit, 600ns, 750kHz, Sampling ADC 

LTC1 198-2AC S8 

2-Channel, 8-Bit, 710ns, 750kHz, Sampling ADC 

LTC1198-2BC S8 

2-Channel, 8-Bit, 710ns, 750kHz, Sampling ADC 

LTC1257C S8 

12-Bit Complete Vout DAC 

LTC1257I S8 

12-Bit Complete Vout DAC 

LTC1272-3AC S 

12-Bit 3ps Parallel I/O A/D with S/H 

LTC1272-3BC S 

12-Bit 3ps Parallel I/O A/D with S/H 

LTC1272-3CC S 

12-Bit 3ps Parallel 1/0 A/D with S/H 

LTC1272-5AC S 

1 2-Bit 5ps Parallel I/O A/D with S/H 

LTC1272-5BC S 

1 2-Bit 5ps Parallel I/O A/D with S/H 

LTC1272-5CC S 

12-Bit 5ps Parallel I/O A/D with S/H 

LTC1272-8AC S 

12-Bit 8ps Parallel I/O A/D with S/H 

LTC1272-8BC S 

12-Bit 5ps Parallel I/O A/D with S/H 

LTC1272-8CC S 

12-Bit 8|is Parallel I/O A/D with S/H 

LTC1273AC S 

12-Bit 3|is Parallel I/O with S/H & Ref. 

LTC1273BC S 

12-Bit 3|is Parallel I/O with S/H & Ref. 

LTC1275AC S 

12-Bit 3|is Parallel I/O with S/H & Ref. 

LTC1275BC S 

12-Bit 3|is Parallel I/O with S/H & Ref. 

LTC1276AC S 

12-Bit 3|is Parallel I/O with S/H & Ref. 

LTC1276BC S 

12-Bit 3|is Parallel 1/0 with S/H & Ref. 

LTC1278-4C S 

12-Bit 2.5|is High Speed Sampling A/D 

LTC1 278-41 S 

12-Bit 2.5|is High Speed Sampling A/D 

LTC1282AC S 

12-Bit 6|is Parallel I/O with S/H & Ref. 

LTC1282BC S 

12-Bit 6|is Parallel I/O with S/H & Ref. 

LTC1285C S8 

12-Bit 3VADC 

LTC1286C S8 

12-Bit Micropower A/D with S/H 

LTC1286I S8 

12-Bit Micropower A/D with S/H 

LTC1288C S8 

1 2-Bit 3V ADC 

LTC1289BC S 

12-Bit 3V 8-Ch MUX, S/H Full Duplex I/O 

LTC1289CC S 

12-Bit 3 V 8-ChMUX, S/H Full Duplex I/O 

LTC1290BC S 

12-Bit A/D with 8-ChMUX&S/H 

LTC1290BI S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1290CC S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1290CI S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1290DC S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1290DI S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1293BC S 

12-Bit A/D with 6-ChMUX&S/H 

LTC1293CC S 

12-Bit A/D with 6-ChMUX&S/H 

LTC1293DC S 

12-Bit A/D with 6-ChMUX&S/H 

LTC1294BC S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1294CC S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1294DC S 

12-Bit A/D with 8-Ch MUX & S/H 

LTC1296BC S 

12-Bit A/D with 8-Ch MUX & S/H, Single Supply 

LTC1296BI S 

12-Bit A/D with 8-Ch MUX & S/H, Single Supply 

LTC1296CC S 

12-Bit A/D with 8-Ch MUX & S/H, Single Supply 

LTC1296CI S 

12-Bit A/D with 8-Ch MUX & S/H, Single Supply 

LTC1296DC S 

12-Bit A/D with 8-Ch MUX & S/H, Single Supply 

LTC1296DI S 

12-Bit A/D with 8-Ch MUX & S/H, Single Supply 

LTC1298C S8 

12-Bit Micropower A/D with S/H 

LTC1298I S8 

12-Bit Micropower A/D with S/H 

Regulators, PWMs, DC/DC Converters j 

LT1020C S 

(iPower Low Dropout Regulator with Comparator 

LT1020I S 

(iPower Low Dropout Regulator with Comparator 

LT1072C S8 

40kHz 1 .25A Switching Regulator 

LT1073C S8 

(iPower Switching Regulator Works Down to IV Input, 

S8-5, 12 

Adjustable & Fixed 5 V, 12V Outputs 

LT1076C Q 

2A Step-Down Switching Regulator 

LT1076C Q-5 

2A Step-Down Switching Regulator 

LT1076C R 

2A Step-Down Switching Regulator with Shutdown, 

5-Lead DD Pkg, Adjustable Output 

LT1076C R-5 

2A Step-Down Switching Regulator with Shutdown, 

7-Lead DD Pkg, 5 V 

LT1076HVC R 

2A Step-Down Switching Regulator, 7-Lead DD Pkg 

LT1085C M 

Adjustable Low Dropout Pos Voltage Regulator, 3A 

LT1085C M-3.3 

3.3V Low Dropout Voltage Regulator, 3A 

LT1085C M-3.6 

3.6V Low Dropout Voltage Regulator, 3A 

LT1086C M 

1 ,5A Low Dropout Regulator, 3-Lead DD Pkg 

LT1086C M-3.3 

3.3V Low Dropout Pos Voltage Regulator, 1 ,5A 

LT1086C M-3.6 

3.6V Low Dropout Pos Voltage Regulator, 1.5A 


rriwm. 
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SURFACE MOUNT PRODUCTS 

Surface Mount Small Outline (SO), DD and SOT Device Packaging 


PRODUCT 

DESCRIPTION 

LTC1065C 

S 

Low Offset Clock-Tunable Lowpass Filter 

LTC1065I 

S 

Low Offset Clock Sweep. Bessel Filter 

LTC1 066-1 C 

S 

14-Bit Accurate, 8th Order, LP Filter 

LTC1164C 

s 

Low Power Quad 2nd Order Universal Filter 

LTC1164AC 

s 

Quad 20kHz Low Power 

LTC1164-5C 

s 

Low Power, 8th Order, Butterworth Filter 

LTC1164-6C 

s 

Low Power, 8th Order, Cauer Filter 

LTC1164-7C 

s 

Low Power, 8th Order, Linear Phase Filter 

LTC1164-XXC S 

Low Power, Low Noise Quad Semi-Custom Filter 

LTC1264C 

s 

High Speed, Quad 2nd Order Universal Filter 

LTC1264-7C 

s 

High Speed, 8th Order, Linear Phase Filter 

References | 

LM334 

S8 

Constant Current Source & Temp. Sensor Reference 

LM385 

S8-1.2 

1.2V Bandgap Voltage Reference 

LM385 

S8-2.5 

2.5V Bandgap Voltage Reference 

LM385B 

S8-1.2 

1 .2 V Bandgap Voltage Reference 

LM385B 

S8-2.5 

2.5 V Bandgap Voltage Reference 

LT1004C 

S8-1.2 

1 .2 V Bandgap Voltage Reference 

LT1004C 

S8-2.5 

2.5 V Bandgap Voltage Reference 

LT1004I 

S8-1.2 

1 ,2V Bandgap Voltage Reference 

LT1004I 

S8-2.5 

2.5V Bandgap Voltage Reference 

LT1009 

S8 

2.5 V Reference 

LT1009I 

S8 

2.5V Reference 

LT1019C 

S8-2.5 

2.5V Buried Zener Precision Reference 

LT1019C 

S8-4.5 

4.5V Buried Zener Precision Reference 

LT1019C 

S8-5 

5 V Buried Zener Precision Reference 

LT1019C 

S8-10 

10V Buried Zener Precision Reference 

LT1021 DC 

S8-5 

5 V Buried Zener Precision Reference 

LT1021DC 

S8-7 

7V Buried Zener Precision Reference 

LT1021DC 

S8-10 

10V Buried Zener Precision Reference 

LT1027DC 

S8-5 

5 V 5.0ppm Buried Zener Precision Reference 

LT1027EC 

S8-5 

5 V 7.5ppm Buried Zener Precision Reference 

LT1034C 

S8-1.2 

Micropower Dual Reference: 1.2V, 7V 

LT1034C 

S8-2.5 

Micropower Dual Reference: 2.5V, 7 V 

LT1034I 

S8-2.5 

2.5V Reference, 40ppm/°C Max TC 

LT1431C 

S8 

Programmable Reference 

LT1431I 

S8 

Programmable Reference 

| Interface Circuits | 

LT1030C 

S 

Quad Low Power Line Driver 

LT1032C 

S 

Quad Low Power Line Driver with Response Time Control 

LT1039C 

S 

3 TX/3 RX RS232 XCVR with Shutdown 

LT1039I 

S 

3 TX/3 RX RS232 XCVR with Shutdown 

LT1039C 

SI 6 

3 TX/3 RX RS232 XCVR 

LT1080C 

S 

Dual RS232 XCVR with 5V to ±9V Pump & Shutdown 

LT1080I 

S 

Dual RS232 XCVR with 5 V to ±9V Pump 

LT1081C 

S 

Dual RS232 XCVR with 5 V to +9V Pump & Shutdown 

LT1081I 

S 

Dual RS232 XCVR with 5V to ±9V Pump 

LT1130AC 

S 

5 TX/5 RX RS232 XCVR with 5V to ±9V Pump 

LT1130C 

S 

5 TX/5 RX RS232 XCVR with 5V to ±9V Pump 

LT 1131 AC 

S 

5 TX/4 RX RS232 XCVR with 5V to ±9V Pump & 

Shutdown 

LT1132AC 

S 

5 TX/3 RX RS232 XCVR with 5V to ±9V Pump 

LT1133AC 

S 

3 TX/5 RX RS232 XCVR with 5V to ±9V Pump 

LT1134AC 

S 

4 TX/4 RX RS232 XCVR with 5V to ±9V Pump 

LT1134AI 

S 

4 TX/4 RX 5V RS232 XCVR 

LT1135AC 

S 

5 TX/3 RX RS232 XCVR 

LT1136AC 

S 

4 TX/5 RX RS232 XCVR with 5V to ±9V Pump & 

Shutdown 

LT1137AC 

G 

3 TX/5 RX RS232 XCVR with 5V and Shutdown 

LT1137AC 

S 

3 TX/5 RX RS232 XCVR with 5V to ±9V Pump & 

Shutdown & ±10kV ESD 

LT1137AI 

S 

3 TX/5 RX RS232 XCVR with 5V and Shutdown 

LT1138AC 

S 

5 TX/3 RX RS232 XCVR with 5V to ±9V Pump & 

Shutdown 

LT1139AC 

S 

4 TX/4 RX RS232 XCVR, 5V/12V Powered with Shutdown 

LT1140AC 

S 

5 TX/3 RX RS232 XCVR with Shutdown 

LT1141AC 

S 

3 TX/5 RX RS232 XCVR with Shutdown 

LT1180AC 

S 

±10kV, 5 V RS232 TX/RX with Shutdown, 0.1 pF 

LT1180AI 

S 

Dual RS232 XCVR with 5V to ±9V Pump & Shutdown 


PRODUCT 

DESCRIPTION 

LT1244I S8 

Current Mode PWM Controller 

LT1245C S8 

Current Mode PWM Controller 

LT1245I S8 

Current Mode PWM Controller 

LT1246C S8 

1MHz Current PWM Controller 

LT1248C S 

Power Factor Correction Contoller 

LT1248I S 

Power Factor Correction Contoller 

LT1249C S8 

8-Pin Power Factor Correction Controller 

LT1249I S8 

8-Pin Power Factor Correction Controller 

LT1251C S 

40MHz Video Fader 

LT1268BC Q 

7.5A, 150kHz Switching Regulator 

LT1268C Q 

7.5A, 150kHz Switching Regulator 

LT1269C Q 

4A, Power Switching Regulator, 5-Lead DD Pkg 

LT1269C S 

100kHz 4A Switching Regulator, 20-Lead SOIC 

LT1271C Q 

60kHz 4A Switching Regulator, 5-Lead DD Pkg 

LT1300C S8 

pPower Step-Up DC/DC Converter, 1 .8 V Input 

LT1301C S8 

pPower Step-Up DC/DC Converter, 1 .8V Input 

LT1301I S8 

5V/12V pPower DC/DC Boost Converter 

LT1302C S8 

pPower High Current Step-Up DC/DC Converter 

LT1303C S8 

5V/12V pPower DC/DC Boost Converter with LBD 

LT1303C S8-5 

5 V pPower DC/DC Boost Converter with LBD 

LT1312C S8 

VPP Regulator 

LT1313C S 

Dual VPP Regulator 

LT1432C S8 

High Efficiency Switching Regulator Controller 

LT1432C S8-3.3 

High Efficiency 3.3V Controller 

LTC1142C G 

Dual High Efficiency Switching Regulator Controller 

LTC1142HVC G 

HV Dual High Efficiency Switching Regulator Controller 

LTC1142HVC G-Adj 

Adjustable HV Dual High Efficiency Sw. Reg. Controller 

LTC1143C S 

Dual High Efficiency Switching Regulator Controller 

LTC1144C S8 

20 V Switched Capacitor Voltage Converter 

LTC1144I S8 

20V Switched Capacitor Voltage Converter 

LTC1147C S8-3.3, 5 

High Efficiency Step-Down Switching Regulator Controller 

LTC1148C S 

High Efficiency Step-Down Synchronous Switching 

S-3.3, 5 

Regulator Controller 

LTC1148HVC S 

High Efficiency Step-Down Synchronous Switching 

S-3.3, 5 

Regulator Controller 

LTC1149C S 

High Efficiency Step-Down Synchronous Switching 

S-3.3, 5 

Regulator Controller, 48V Inputs 

LTC1174C S8 

High Efficiency, 400mA Step-Down Switching Regulator 

S8-3.3, 5 
LTC1174HVC S8 

HV Adjustable pPower Step-Down DC/DC Converter 

LTC1174HVC S8-3.3 

HV 3.3 V pPower Step-Down DC/DC Converter 

LTC1174HVC S8-5 

HV 5V pPower Step-Down DC/DC Converter 

LTC1174I S8 

Adjustable pPower Step-Down DC/DC Converter 

LTC1262C S8 

12V, 30mA VPP Generator 

SG3524 S 

Pulse Width Modulator 

| Switched-Capacitor Converters j 

LT1054C S 

100mA Switched Capacitor Voltage Converter 

LT1054C S8 

100mA Switched Capacitor Voltage Converter 

LT1054I S 

100mA Switched Capacitor Voltage Converter 

LTC1043C S 

Dual Precision Instrumentation Switched Capacitor 

LTC1044AC S8 

Building Block 

Switched Capacitor Voltage Converter, 13V 

LTC1044C S8 

Switched Capacitor Voltage Converter 

LTC1044AI S8 

Switched Capacitor Voltage Converter, 13V 

LTC1046C S8 

50mA Switched Capacitor Voltage Converter 

LTC1046I S8 

50mA Switched Capacitor Voltage Converter 

| Switched-Capacitor Filters | 

LTC1059C S 

2nd Order Universal Filter 

LTC1060C S 

Dual 2nd Order Universal Filter 

LTC1061C S 

Triple 2nd Order Universal Filter 

LTC1062C S 

5th Order Lowpass Filter (Patented) 

LTC1063C S 

Low Offset Clock-Tunable Lowpass Filter 

LTC1064C S 

100kHz Quad 2nd Order Universal Filter 

LTC1 064-1 C S 

8th Order Cauer Lowpass Filter 

LTC1064-2C S 

8th Order Butterworth Lowpass Filter 

LTC1 064-3C S 

8th Order Bessel (Linear Phase) Lowpass Filter 

LTC1 064-4C S 

8th Order Cauer/T ransitional Lowpass Filter 

LTC1064-7C S 

100kHz Phase Corrected Lowpass Filter 

LTC1064-XXC S 

High Speed, Low Noise Quad Semi-Custom Filter 
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SURFACE MOUNT PRODUCTS 

Surface Mount Small Outline (SO), DD and SOT Device Packaging 


PRODUCT 


DESCRIPTION 

LT1181AC 

S 

Dual RS232 XCVR with 5 V to +9V Pump 

LT1181AI 

S 

±1 OkV, 5 V RS232 TX/RX, 0.1 pF 

LT1237C 

G 

5 V RS232 Transceiver with 1 RX Active in Shutdown 

LT1237C 

S 

3 TX/5 RX RS232 XCVR with 5 V to ±9V Pump, Single RX 
Keep-Alive & Shutdown 

LT1280AC 

S 

Dual RS232 XCVR with 5V to ±9V Pump & Shutdown 

LT1281AC 

S 

Dual RS232 XCVR with 5V to ±9V Pump 

LT1281I 

S 

Low Power Dual RS232 XCVR with 5 V to ±9 V Pump 

LTC1318C 

S 

Single 5V AppleTalk® DCE XCVR 

LTC1320C 

S 

AppleTalk XCVR 

LTC1321C 

S 

Programmable EIA/TIA562/RS232 and RS485 XCVR 

LTC1321I 

S 

Programmable EIA/TIA562/RS232 and RS485 XCVR 

LTC1322C 

S 

Programmable EIA/TIA562/RS232 and RS485 XCVR 

LTC1322I 

S 

Programmable EIA/TIA562/RS232 and RS485 XCVR 

LTC1323C 

S 

Single 5V AppleTalk XCVR 

LTC1327C 

G 

3V Low Power EIA562 3 TX/5 RX Transceiver 

LTC1327C 

s 

3 V Low Power EIA562 3 TX/5 RX Transceiver 

LT1330C 

G, S 

5 V RS232 XCVR with 3V Logic Interface and 1 RX 

Active in SHUTDOWN 

LT1331C 

s 

3 TX/5 RX RS232 XCVR with 3V only Supply 

LT1331C 

G 

3 TX/5 RX RS232 XCVR with 3V only Supply 

LT1332C 

S 

3 TX/5 RX RS232 XCVR with Low Power 

LT1332C 

G 

3 TX/5 RX RS232 XCVR with Low Power 

LTC1335C 

S 

Programmable EIA/TIA562 and RS485 XCVR 

LTC1335I 

S 

Programmable EIA/TIA562 and RS485 XCVR 

LTC1337C 

s 

3 TX/5 RX RS232 XCVR with (iPower 

LTC1337C 

G 

3 TX/5 RX RS232 XCVR with uPower 

LTC1337C 

S 

3 TX/5 RX RS232 XCVR with iiPower 

LTC1338C 

G, S 

5V Low Power RS232 5 DX/3 RX XCVR 

LTC1338I 

G, S 

5V Low Power RS232 5 DX/3 RX XCVR 

LT1341C 

S 

3 TX/5 RX RS232 XCVR with Shutdown and DX Disable 

LT1341C 

G 

3 TX/5 RX RS232 XCVR with Shutdown and DX Disable 

LT1342C 

S 

3 TX/5 RX RS232 XCVR with 3V & 5V Logic Supplies 

LT1342C 

G 

3 TX/5 RX RS232 XCVR with 3V & 5V Logic Supplies 

LTC1347C 

G 

5V Low Power RS232 3 DX/5 RX XCVR with 5 RX 

Active in SHUTDOWN 

LTC1347C 

S 

5V Low Power RS232 3 DX/5 RX XCVR with 5 RX 

Active in SHUTDOWN 

LTC1348C 

S 

3.3V Low Power RS232 3 DX/5 RX XCVR 

LTC1349C 

G, S 

5V Low Power RS232 3 DX/5 RX XCVR with 2 RX 

Active in SHUTDOWN 

LTC1349I 

G, S 

5V Low Power RS232 3 DX/5 RX XCVR with 2 RX 

Active in SHUTDOWN 

LTC1350C 

G, S 

3.3V Low Power EIA/TIA562 3 RX/5 RX XCVR 

LTC1350I 

G, S 

3.3V Low Power EIA/TIA562 3 RX/5 RX XCVR 

LT1381C 

S16 

Dual RS232 XCVR with Narrow 16-Lead SOIC 

LT1381I 

SI 6 

Dual RS232 XCVR with Narrow 16-Lead SOIC 

LTC1382C 

S 

5V Low Power RS232 XCVR 

LTC1383C 

S 

5 V Low Power RS232 XCVR 

LTC1384C 

S 

5 V Low Power RS232 XCVR with 3 RX Active 
in SHUTDOWN 

LTC1385C 

S 

3V Low Power EIA/TIA562 XCVR with 2 RX Active 
in SHUTDOWN 

LTC1386C 

S 

RS232 2 TX/2 RX in Narrow SOIC 

LTC1485I 

S8 

High Speed RS485 TX/RX 

LTC485C 

S8 

Ultra Low Power RS485 

LTC485I 

S8 

Interface 

LTC486C 

S 

Ultra Low Power RS485 Interface Device 

LTC486I 

S 

Ultra Low Power RS485 Interface Device 

LTC487C 

S 

Ultra Low Power RS485 Interface Device 

LTC487I 

S 

Ultra Low Power RS485 Interface Device 

LTC488C 

S 

Ultra Low Power RS485 Quad Receiver 


PRODUCT 

DESCRIPTION 

LTC488I 

S 

Ultra Low Power RS485 Quad Receiver 

LTC489C 

S 

Ultra Low Power RS485 Quad Receiver 

LTC489I 

s 

Ultra Low Power RS485 Quad Receiver 

LTC490C 

S8 

Ultra Low Power RS485 Full-Duplex XCVR 

LTC490I 

S8 

Ultra Low Power RS485 Full-Duplex XCVR 

LTC491C 

S 

Ultra Low Power RS485 Full-Duplex XCVR 

LTC491I 

S 

Ultra Low Power RS485 Full-Duplex XCVR 

LTC1041C 

S8 

Bang-Bang Controller 

LTC1485C 

S8 

lOMbit/s Low Power RS485 Half-Duplex XCVR 

Analog Switches j 

LTC201AC 

S 

Micropower, Low Charge Injection, Quad CMOS Analog 
Switch 

LTC202C 

S 

Micropower, Low Charge Injection, Quad CMOS Analog 
Switch 

LTC203C 

S 

Micropower, Low Charge Injection, Quad CMOS Analog 
Switch 

LTC221C 

S 

Micropower, Low Charge Injection, Quad CMOS Analog 
Switch with Data Latches 

LTC222C 

S 

Micropower, Low Charge Injection, Quad CMOS Analog 
Switch with Data Latches 

High-Side Switch Drivers | 

LT1158C 

S 

Half-Bridge N-Channel Power MOSFET Driver 

LTC1153C 

S8 

Electronic Circuit Breaker 

LTC1154C 

S8 

Single High-Side MOSFET Switch Driver 

LTC1155C 

S8 

Dual High-Side MOSFET Switch Driver 

LTC1155I 

S8 

Dual High-Side MOSFET Switch Driver 

LTC1156C 

S 

Quad High-Side MOSFET Switch Driver 

LTC1157C 

S8 

Dual 3.3V Supply High-Side MOSFET Switch Driver 

LT1158I 

S 

Half Bridge N-Channel Power MOSFET Driver 

LT1161C 

S 

Quad High-Side MOSFET Driver 

LT1161I 

S 

Quad High Voltage, High Side N-Channel MOSFET DRIVER 

LTC1163C 

S8 

Triple 1.8V Supply High-Side MOSFET Switch 

LTC1165C 

S 

Triple 1.8V Supply High-Side MOSFET Switch 

LTC1255C 

S8 

Dual 24V High-Side Switch Driver 

LTC1255I 

S8 

Dual 24V High-Side Switch Driver 

Watchdog Timer/Microprocessor Supervisory | 

LTC690C 

S8 

Microprocessor Supervisory Circuit 

LTC690I 

S8 

Microprocessor Supervisory Circuit 

LTC691C 

S 

Microprocessor Supervisory Circuit 

LTC691I 

S 

Microprocessor Supervisory Circuit 

LTC692C 

S8 

Microprocessor Supervisory Circuit 

LTC693C 

S 

Microprocessor Supervisory Circuit 

LTC694C 

S8 

Microprocessor Supervisory Circuit 

LTC694C 

S8-3.3 

3.3V Microprocessor Supervisory Circuit 

LTC694I 

S8 

Microprocessor Supervisory Circuit 

LTC694I 

S8-3.3 

3.3V Microprocessor Supervisory Circuit 

LTC695C 

S 

Microprocessor Supervisory Circuit 

LTC695C 

S-3.3 

3.3V Microprocessor Supervisory Circuit 

LTC695I 

S 

Microprocessor Supervisory Circuit 

LTC695I 

S-3.3 

3.3V Microprocessor Supervisory Circuit 

LTC699C 

S8 

Microprocessor Supervisory Circuit 

LTC699I 

S8 

Microprocessor Supervisory Circuit 

LTC1232C 

S8 

Microprocessor Supervisory Circuit 

LTC1232I 

S8 

Microprocessor Supervisory Circuit 

LTC1235C 

S 

Microprocessor Supervisory Circuit 

Video Mulitplexers j 

LT1203 

S8 

150MHz, 2:1 Video Multiplexer 

LT1204 

S 

4-Input Video Multiplexer with 75MHz CFA 

LT1205 

j i 

Dual 150MHz, 2:1 or 4:1 Video Multiplexer 


AppleTalk is a registered trademark of Apple Computer, Inc. 
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INTRODUCTION 

Linear Technology Corporation offers a wide variety of 
precision linear IC’s in die form. It is our intent to offer 
dice electrically tested to levels which can be expected to 
yield the best possible performance in hybrid circuits. 
Complicating this task is the fact that many specifications 
given for our standard packaged products cannot be 
tested at the wafer level. Further, parameters which are 
100% tested at wafer probe testing may shift during the 
die attach/assembly process. 

There is a Dice Products Catalog available that contains 
ordering information and datasheets for obtaining dice 
products. Catalogs are available from your local LTC 
Sales Rep, or from LTC Communications at (800) 637-5545. 

GENERAL INFORMATION 
Electrical Testing 

Dice are 100% tested in wafer form at 25°C to the DC lim- 
its shown on the dice data sheet for a given device type. 
Many LTC packaged products have multiple electrical 
grades associated with a basic die type. A cross reference 
appears on each dice data sheet indicating which die 
product grade should be ordered to optimize candidates to 
meet the specifications of the desired finished product 
grade. This information should be used as a guideline only 
since LTC does not guarantee electrical specifications af- 
ter assembly. Since electrical testing is done only at 25°C, 
no absolute guarantee can be made regarding perform- 
ance at other temperatures. Some LTC products require 
post-package trimming to overcome certain assembly re- 
lated parameter shifts. Details on this trimming may be 
obtained by contacting the factory. 

Visual Inspection 

Dice are 100% visually inspected in accordance with MIL- 
STD-883, Method 2010 Condition B. 


Chip Dimensions 

Chip dimensions are as indicated on individual dice data 
sheets. Tolerance is ± 1 mil. Chip thickness ranges from 
12 mils to 20 mils, depending on product type. Bond pad 
dimensions are 4.5 x 4.5 mils, minimum. 

Topside Passivation 

Linear Technology products are passivated with a two 
layer system: A proprietary deposited oxide gives a crack- 
free conformal coverage of metal and oxide steps. A 
plasma nitride overcoat protects the die from ionic con- 
tamination and scratches during handling, testing and 
assembly. Note that LTC uses fuse link and zener zap 
trimming techniques which require windows in the passi- 
vation over the trim points. This passivation system is a 
major contributor to the extremely high reliability demon- 
strated throughout millions of device-hours of accelerated 
testing of LTC devices in plastic and hermetic packages. 

Topside Metallization 

The metallization is a minimum of 11,000 A thick unless 
otherwise specified. The quality of the metallization step 
coverage is monitored via a weekly SEM inspection per 
MIL-STD-883, Method 2018. 

Backside Metal 

Contact LTC for details about availability of LTC pro- 
ducts with a particular backside metallization. 

Backside Potential 

Linear Technology products are junction isolated. For 
proper operation the backside must be electrically con- 
nected to the most negative potential seen by the 1C (for 
bipolar products) or the most positive potential (for CMOS 
products). This information is also given in the individual 
dice data sheets. 
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Packaging 

Dice are packaged in compartmentalized waffle packs for 
ease of handling and storage. Each waffle pack contains 
100 dice. Special packaging methods are also available by 
contacting the factory. 

Quality Levels of Dice Shipped 

Each dice lot is guaranteed to meet the following 
requirements: 

• Internal visual per MIL-STD-883, Method 2010 
Condition B: 1.0% AQL Level II. 

• Electrical: Due to variations in assembly methods and 
packaging techniques LTC does not guarantee elec- 
trical specifications after assembly. When a determina- 
tion as to the finished product assembly yield is needed, 
the lot acceptance testing available at extra cost should 
be pursued. 

Reliability Assurance 

In addition to the more conventional reliability audits per- 
formed on finished products, LTC has innovated a unique 
periodic wafer fab reliability audit using a specially de- 
signed reliability structure that is stepped into all wafers. 
The test structure is optimized to accelerate the two 
primary failure mechanisms in linear circuits, namely mo- 
bile positive ions and surface charge-induced inversions. 
This provides a continuous monitor on the reliability per- 
formance of LTC’s wafer fab processes and provides 
immediate feedback to wafer fab typically within one 
week. 


Electrostatic Discharge (ESD) Precautions 

Precision linear devices, especially those with very low 
(pA) input bias current levels and low (<50 microvolts) in- 
put offset voltages are susceptible to shifts in electrical 
performance and ESD damage as a result of improper han- 
dling. LTC recommends that ESD precautions, such as 
grounded conductive work stations, grounded conductive 
wrist straps and grounded equipment, be taken to prevent 
ESD damage. 

ORDERING INFORMATION 

Dice may be ordered by the part number defined in the 
dice data sheet. Minimum direct dice order, per delivery, is 
1000 pieces or $5,000, whichever is greater. In some cases, 
tighter parameter selections than indicated on the dice 
data sheets can be obtained by special order. Please con- 
tact the factory for details. 

Lot Acceptance Testing 

Lot acceptance testing (L.A.T.) based on sample assembly 
and testing is available at extra cost. Sample sizes and ac- 
ceptable electrical test limits vary from device to device 
and must be negotiated at the time of quoting. Contact the 
factory for details. 
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Application Notes 

AN1 Understanding and Applying the LT1 005 Multifunction Regulator 

This application note describes the unique operating characteris- 
tics of the LT1005 and describes a number of useful applications 
which take advantage of the regulator’s ability to control the output 
with a logic control signal. 

AN2 Performance Enhancement Techniques for 3-Terminal 
Regulators 

This application note describes a number of enhancement circuit 
techniques used with existing 3-terminal regulators which extend 
current capability, limit power dissipation, provide high voltage 
output, operate from 1 1 0VAC or 220VAC withoutthe need to switch 
transformer windings, and many other useful application ideas. 

AN3 Applications for a Switched-Capacitor Instrumentation 
Building Block 

This application note describes a wide range of useful applications 
forthe LTC1 043 dual precision instrumentation switched-capacitor 
building block. Some of the applications described are ultra high 
performance instrumentation amplifier, lock-in amplifier, wide range 
digitally controlled variable gain amplifier, relative humidity sensor 
signal conditioner, LVDT signal conditioner, charge pump FA/ and 
V/F converters, 1 2-bit A/D converter and more. 

AN4 Application for a New Power Buffer 

The LT1 01 0 1 50mA power buffer is described in a number of useful 
applications such as boosted op amp, a feed-forward, wide-band 
DC stabilized buffer, a video line driver amplifier, a fast sample-hold 
with hold step compensation, an overload protected motor speed 
controller, and a piezoelectric fan servo. 

AN5 Thermal Techniques in Measurement and Control Circuitry 

6 applications utilizing thermally based circuits are detailed. In- 
cluded are a 50MHz RMS to DC converter, and anemometer, a liquid 
flowmeter and others. A general discussion of thermodynamic 
considerations involved in circuitry is also presented. 

AN6 Applications of New Precision Op Amps 

Application considerations and circuits forthe LT1001 and LT1 002 
single and dual precision amplifiers are illustrated in a number of 
circuits, including strain gauge signal conditioners, linearized plati- 
num RTD circuits, an ultra precision dead zone circuit for motor 
servos and other examples. 

AN7 Some Techniques for Direct Digitization of Transducer Outputs 

Analog-to-digital conversion circuits which directly digitize low 
level transducer outputs, without DC preamplification, are pre- 
sented. Covered are circuits which operate with thermocouples, 
strain gauges, humidity sensors, level transducers and other 
sensors. 

AN8 Power Conditioning Techniques for Batteries 

A variety of approaches for power conditioning batteries is given. 
Switching and linear regulators and converters are shown, with 
attention to efficiency and low power operation. 14 circuits are 
presented with performance data. 

AN9 Application Considerations and Circuits for a New 
Chopper-Stabilized Op Amp 

A discussion of circuit, layout and construction considerations for 
low level DC circuits includes error analysis of solder, wire and 
connector junctions. Applications include sub-microvolt instru- 
mentation and isolation amplifiers, stabilized buffers and compara- 
tors and precision data converters. 


AN1 0 Methods for Measuring Op Amp Settling Time 

The AN10 begins with a survey of methods for measuring op amp 
settling time. This commentary develops into circuits for measur- 
ing settling time to 0.0005%. Construction details and results are 
presented. Appended sections cover oscilloscope overload limita- 
tions and amplifier frequency compensation. 

AN1 1 Designing Linear Circuits for 5V Operation 

This note covers the considerations for designing precision linear 
circuits which must operate from a single 5V supply. Applications 
include various transducer signal conditioners, instrumentation 
amplifiers, controllers and isolated data converters. 

AN1 2 Circuit Techniques for Clock Sources 

Circuits for clock sources are presented. Special attention is given 
to crystal-based designs including TXCOs and VXCOs. 

AN1 3 High Speed Comparator Techniques 

The AN1 3 is an extensive discussion of the causes and cures of 
problems in very high speed comparator circuits. A separate 
applications section presents circuits, including a 0.025% accu- 
rate 1 Hz to 30MHz V/F converter, a 200ns 0.01 % sample-hold and 
a 10MHz fiber-optic receiver. Five appendices covering related 
topics complete this note. 

AN1 4 Designs for High Frequency Voltage-to-Frequency Converters 

A variety of high performance V/F circuits is presented. Included are 
a 1Hz to 100MHz design, a quartz-stabilized type and a 0.0007% 
linear unit. Other circuits feature 1 .5V operation, sine wave output 
an nonlinear transfer functions. A separate section examines the 
trade-offs and advantages of various approaches to V/F conversion. 

AN1 5 Circuitry for Single Cell Operation 

1 .5V powered circuits for complex linear functions are detailed. 
Designs include a V/F converter, a 10-bit A/D, sample-hold 
amplifiers, a switching regulator and other circuits. Also included 
is a section of component considerations for 1 .5V powered linear 
circuits. 

AN1 6 Unique 1C Buffer Enhances Op Amp Designs, Tames Fast 
Amplifiers 

This note describes some of the unique 1C design techniques 
incorporated into a fast, monolithic power buffer, the LT1010. 
Also, some application ideas are described such as capacitive 
load driving, boosting fast op amp output current and power 
supply circuits. 

AN1 7 Consideration for Successive Approximation A/D Converters 

A tutorial on SAR type A/D converters, this note contains detailed 
information on several 12-bit circuits. Comparator, clocking, and 
preamplifier designs are discussed. A final circuit gives a 12-bit 
conversion in 1.8jos. Appended sections explain the basic SAR 
technique and explore D/A considerations. 

AN18 Power Gain Stages for Monolithic Amplifiers 

This note presents output state circuits which provide power gain 
for monolithic amplifiers. The circuits feature voltage gain, current 
gain, or both. Eleven designs are shown, and performance is 
summarized. A generalized method for frequency compensation 
appears in a separate section. 
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AN19 LT1 070 Design Manual 

This design manual is an extensive discussion of all standard 
switching configurations for the LT1070; including buck, boost, 
flyback, forward, inverting and “Cuk.” The manual includes 
comprehensive information on the LT1070, the external compo- 
nents used with it, and complete formulas for calculating compo- 
nent values. 

AN20 Applications for a DC Accurate Lowpass 
Switched-Capacitor Filter 

Discusses the principles of operation of the LTC1062 and helpful 
hints for its application. Various application circuits are explained 
in detail with focus on how to cascade two LTC1062s and howto 
obtain notches. Noise and distortion performance are fully 
illustrated. 

AN21 Composite Amplifiers 

Applications often require an amplifier that has extremely high 
performance in several areas. For example, high speed and DC 
precision are often needed. If a single device cannot simultaneously 
achieve the desired characteristics, a composite amplifier made up 
of two (or more) devices can be configured to do the job. AN21 
shows examples of composite approaches in designs combining 
speed, precision, low noise and high power. 

AN22 A Monolithic 1C for 100MHz RMS/DC Conversion 

AN22 details the theoretical and application aspects of the LT1 088 
thermal RMS/DC converter. The basic theory behind thermal RMS/ 
DC conversion is discussed and design details of the LT1088 are 
presented. Circuitry for RMS/DC converters, wide-band input buff- 
ers and heater protection is shown. 

AN23 Micropower Circuits for Signal Conditioning 

Low power operation of electronic apparatus has become increas- 
ingly desirable. AN23 describes a variety of low power circuits for 
transducer signal conditioning. Also included are designs for data 
converters and switching regulators. Three appended sections 
discuss guidelines for micropower design, strobed power opera- 
tion and effects of test equipment on micropower circuits. 

AN24 Unique Applications for the LTC1062 Lowpass Filter 

Highlights the LTC1062 as a lowpass filter in a phase lock loop. 
Describes how the loop’s bandwidth can be increased and the VCO 
output jitter reduced when the LTC1 062 is the loop filter. Compares 
it with a passive RC loop filter. 

Also discussed is the use of LTC1062 as simple bandpass and 
bandstop filter. 

AN25 Switching Regulators for Poets 

Subtitled “A Gentle Guide for the Trepidatious,” this is a tutorial 
on switching regulator design. The text assumes no switching 
regulator design experience, contains no equations, and requires 
no inductor construction to build the circuits described. 

Designs detailed include flyback, isolated telecom, off-line, and 
others. Appended sections cover component considerations, mea- 
surement techniques and steps involved in developing a working 
circuit. 

AN26 A collection of interface applications between various microproces- 
sors/controllers and the LTC1090 family of data acquisition sys- 
tems. The note is divided into sections specific to each interface. 
The following sections are available: 


Number 

A/D 

Microprocessor/ 

Microcontroller 

AN26A 

LTC1090 

8051 

AN26B 

LTC1090 

68HC05 

AN26C 

LTC1090 

63705 

AN26D 

LTC1090 

COP820 


Number 

A/D 

Microprocessor/ 

Microcontroller 

AN26E 

LTC1090 

TMS7742 

AN26F 

LTC1090 

COP402N 

AN26G 

LTC1091 

8051 

AN26H 

LTC1091 

68HC05 

AN26I 

LTC1091 

COP820 

AN26J 

LTC1091 

TMS7742 

AN26K 

LTC1091 

COP402N 

AN26L 

LTC1091 

HD63705VO 

AN26M 

LTC1090 

TMS320C25 

AN26N 

LTC1 091/92 

TMS320C25 

AN260 

LTC1090 

Z-80 

AN26P 

LTC1090 

HD64180 

AN26Q 

LTC1091 

HD64180 

AN26R 

LTC1094 

TMS320C25 


These interface notes demonstrate the ease with which the LTC1 090 
family can be interfaced to microprocessors/controllers having 
either parallel or serial ports. A complete hardware and software 
description of the interface is included. 

AN27A A Simple Method of Designing Multiple Order All Pole Bandpass 
Filters by Cascading 2nd Order Sections 
Presents two methods of designing high quality switched-capacitor 
bandpass filters. Both methods are intended to vastly simplify the 
mathematics involved in filter design by using tabular methods. The 
text assumed no filter design experience but allows high quality 
filters to be implemented by techniques not presented before in the 
literature. The designs are implemented by numerous examples 
using devices from LTC’s Switched-Capacitorfilterfamily: LTC1 060, 
LTC1061, and LTC1064. Butterworth and Chebyshev bandpass 
filters are discussed. 

AN28 Thermocouple Measurement 

Considerations for thermocouple-based temperature measure- 
ment are discussed. A tutorial on temperature sensors summa- 
rizes performance of various types, establishing a perspective on 
thermocouples. Thermocouples are then focused on. Included 
are sections covering cold-junction compensation, amplifier se- 
lection, differential/isolation techniques, protection, and linear- 
ization. Complete schematics are given for all circuits. Processor- 
based linearization is also presented with the necessary software 
detailed. 

AN29 Some Thoughts on DC/DC Converters 

This note examines a wide range of DC/DC converter applications. 
Single inductor, transformer, and switched-capacitor converter 
designs are shown. Special topics like low noise, high efficiency, 
low quiescent current, high voltage, and wide-input voltage range 
converters are covered. Appended sections explain some funda- 
mental properties of different types of converters. 

AN30 Switching Regulator Circuit Collection 

Switching regulators are of universal interest. Linear Technology 
has made a major effort to address this topic. A catalog of circuits 
has been compiled so that a design engineer can swiftly determine 
which converter type is best. This catalog serves as a visual index 
to be browsed through for a specific or general interest. 

AN31 Linear Circuits for Digital Systems 

Subtitled “Some Affable Analogs for Digital Devotees,” discusses a 
number of analog circuits useful in predominantly digital systems. 
Vpp generators for flash memories receive extensive treatment. 
Other examples include a current loop transmitter, dropout detec- 
tors, power management circuits, and clocks. 

AN32 High Efficiency Linear Regulators 

Presents circuit techniques permitting high efficiency to be ob- 
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tained with linear regulation. Particular attention is given to the 
problem of maintaining high efficiency with widely varying inputs, 
outputs and loading. Appendix sections review component charac- 
teristics and measurement methods. 

AN33 Converting Light to Digits: LTC1 099 Half-Flash 8-Bit A/D 
Converter Digitizes Photodiode Array 
This application note describes a Linear Technology “Half-Flash” N 
D converter, the LTC1099, being connected to a 256 element line 
scan photodiode array. This technology adapts itself to hand-held 
(i.e., low power) bar code readers, as well as high resolution 
automated machine inspection applications. 

AN34 LTC1099 Enables PC-Based Data Acquisition Board to 
Operate DC-20kHz 

A complete design for a data acquisition card for the IBM PC is 
detailed in this application note. Additionally, C language code is 
provided to allow sampling of data at speed of more than 20kHz. The 
speed limitation is strictly based on the execution speed of the “C” 
data acquisition loop. A “Turbo” XT can acquire data at speeds 
greater than 20kHz. Machines with 80286 and 80386 processors 
can go faster than 20kHz. The computer that was used as a test bed 
in this application was an XT running at 4.77MHz and therefore all 
system timing and acquisition time measurements are based on a 
4.77MHz clock speed. 

AN35 Step-Down Switching Regulators 

Discusses the LT1074, an easily applied step-down regulator 1C. 
Basic concepts and circuits are described along with more sophis- 
ticated applications. Six appended sections cover LT1074 circuitry 
detail, inductor and discrete component selection, current measur- 
ing techniques, efficiency considerations and other topics. 

AN36 A collection of interface applications between various microproces- 
sors/controllers and the LTC1290 family of data acquisition, sys- 
tems. The note is divided into sections specific to each interface. 
The following sections are available: 


Number 

A/D 

Microprocessor/ 

Microcontroller 

AN36A 

LTC1290 

8051 

AN36B 

LTC1290 

MC68HC05 

AN36C 

LTC1 290/LTC1 090 

TMS370 

AN36D 

LTC1290 

COP820C 

AN36E 

LTC1290 

TMS7742 

AN36F 

LTC1290 

COP402N 

AN360 

LTC1290 

Z-80 

AN36P 

LTC1290 

HD64180 


These interface notes demonstrate the ease with which the LTC1 290 
can be interfaced to microprocessors/controllers having either 
parallel or serial ports. A complete hardware and software descrip- 
tion of the interface is included. 

AN37 Fast Charge Circuits for NiCad Batteries 

Safe, fast charging of NiCad batteries is attractive in many applica- 
tions. This note details simple, thermally-based fast charge cir- 
cuitry for NiCads. Performance data is summarized and compared 
to other charging methods. 

AN38 FilterCAD User’s Manual, Version 1 .00 

This note is the manual for FCAD, a computer-aided design program 
for designing filters with LTC’s switched-capacitor filter family. 
FCAD helps users design good filters with a minimum amount of 
effort. The experienced filter designer can use the program to 
achieve better results by providing the ability to play “what if” with 
the values and configuration of various components. 

AN39 Parasitic Capacitance Effects in Step-Up Transformer Design 
This note explores the causes of the large resonating current spikes 


on the leading edge of the switch current waveform. These anoma- 
lies are exacerbated in very high voltage designs. 

AN40 Take the Mystery Out of the Switched-Capacitor Filter: 

The System Designer’s Filter Compendium 
This note presents guidelines for circuits utilizing LTC’s switched- 
capacitor filters. The discussion focuses on how to optimize filter 
performance by optimizing the printed wiring board, the power 
supply, and the output buffering of the filter. Many additional 
topics are discussed such as how to select the proper filter 
response forthe application and howto characterize a filter’s THD 
for DSP applications. 

AN41 Questions and Answers on the SPICE Macromodel Library 

This note provides answers to some of the more common ques- 
tions concerning LTC’s Macromodel Library. Topics include hard- 
ware and software requirements, model characteristics, and limita- 
tions and interpretation of results. 

AN42 Voltage Reference Circuit Collection 

A wide variety of voltage reference circuits are detailed in this 
extensive guidebook of circuits. The detailed schematics cover 
simple and precision approaches at a variety of power levels. 
Included are 2 and 3 terminal devices in series and shunt modes for 
positive and negative polarities. Appended sections cover resistor 
and capacitor selection and trimming techniques. 

AN43 Bridge Circuits 

Subtitled “Marrying Gain and Balance,” this note covers signal 
conditioning circuits for various types of bridges. Included are 
transducer bridges, AC bridges, Wien bridge oscillators, Schottky 
bridges, and others. Special attention is given to amplifier selection 
criteria. Appended sections cover strain gauge transducers, under- 
standing distortion measurements, and historical perspectives on 
bridge readout mechanisms and Wein bridge oscillators. 

AN44 LT1 074/LT1 076 Design Manual 

This note discusses the use of the LT1074 and LT1076 high 
efficiency switching regulators. These regulators are specifically 
designed for ease of use. This application note is intended to 
eliminate the most common errors that customers make when 
using switching regulators as well as offering insight into the inner 
workings of switching designs. There is an entirely new treatment 
of inductor design based upon simple mathematical formulas that 
yield direct results. There are extensive tutorial sections devoted to 
the care and feeding of the Positive Step-Down (Buck) Converter, 
the Tapped Inductor Buck Converter, the Positive-to-Negative 
Converter and the Negative Boost Converter. Additionally, many 
trouble-shooting hints are included as well as oscilloscope 
techniques, soft-start architectures, and micropower shutdown 
and EMI suppression methods. 

AN45 Measurement and Control Circuit Collection 

A variety of measurement and control circuits are included in 
this application note. Eighteen circuits, including ultra low noise 
amplifiers, current sources, transducer signal conditioners, 
oscillators, data converters and power supplies are presented. 
The circuits emphasize precision specifications with relatively 
simple configurations. 

AN46 Efficiency Characteristics of Switching Regulator Circuits 

Efficiency varies for different DC/DC converters. This application 
note compares the efficiency characteristics of some of the more 
popular types. Step-up, step-down, flyback, negative-to- positive, 
and positive-to-negative are shown. Appended sections discuss 
how to select the proper aluminum electrolytic capacitor and 
explain power switch and output diode loss calculations. 
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AN47 High Speed Amplifier Techniques 

This application note, subtitled “A Designer's Companion for 
Wideband Circuitry,” is intended as a reference source for 
designing with fast amplifiers. Approximately 150 pages and 
300 figures cover frequently encountered problems and their 
possible causes. Circuits include a wide range of amplifiers, 
filters, oscillators, data converters and signal conditioners. 
Eleven appended sections discuss related topics including os- 
cilloscopes, probe selection, measurement and equipment con- 
siderations, and breadboarding techniques. 

AN48 Using the LTC Op Amp Macromodels 

LTC’s op amp macromodels are described in detail, along with the 
theory behind each model and complete schematics of each topol- 
ogy. Extended modeling topics are discussed, such as phase/ 
frequency response modifications and asymmetric slew rate for 
JFET op amp models. LTC’s macromodels are optimized for accu- 
racy and fast simulation times. Simulation times can be further 
reduced by using streamlining techniques found throughout AN48. 

AN49 Illumination Circuitry for Liquid Crystal Displays 

Current generation portable computers and instruments utilize 
back-lit liquid crystal displays. The back light requires a highly 
efficient, high voltage AC source as well as other supply cir- 
cuitry. AN49 details these circuits and also includes sections on 
efficiency measurements and instrumentation considerations. 
A separate section discusses physical and layout considerations 
for the display. 

AN50 Interfacing to Microprocessor Based 5V Systems 

This application note discusses a variety of approaches for inter- 
facing analog signals to 5V powered systems. Synthesizing a “rail- 
to-rail” op amp and scaling techniques for A/D converters are 
covered. A voltage-to-f requency converter, applicable where high 
resolution is required, is also presented. 

AN51 Power Conditioning for Notebook and Palmtop Systems 

Notebook and palmtop systems need a number of voltages 
developed from a battery. Competitive solutions require small 
size, high efficiency and light weight. This publication includes 
circuits for high efficiency 5 V and 3.3V switching and linear 
regulators, back light display drivers and battery chargers. All 
the circuits are specifically tailored for the requirements out- 
lined above. 

AN52 Linear Technology Magazine Circuit Collection, Vol 1 

This application note consolidates the circuits from the first few 
years of Linear Technology Magazine into one publication. Pre- 
sented in the note are a variety of circuits ranging from a 50W high 
efficiency (>90%) switching regulator to steep roll-off filter cir- 
cuits with low distortion to 12-bit differential temperature mea- 
surement systems. 

AN53 Micropower High-Side MOSFET Drivers 

This application note describes the operation of high-side 
N-channel MOSFET switch drivers designed specifically for op- 
eration in battery-powered equipment, such as notebook and 
palmtop computers and portable medical instruments. A selection 
guide simplifies the proper choice of MOSFET and driver for a 
particular high-side switch application. Circuits to drive and 
protect load impedances ranging from large inductors to large 
capacitors are described and a section on surface mount and 
copper clad shunts is included. 

AN54 Power Conversion from Milliamps to Amps at Ultra High Effi- 
ciency (Up to 95%) 

This application note discusses the use of the LTC1 1 47, LTC1 1 48, 
and LTC1149 ultra high efficiency switching regulators in a wide 


variety of applications. These controllers feature a current-mode 
architecture which includes an automatic low current operating 
mode called Burst Mode™ operation, making greater than 90% 
efficiencies possible at output currents as low as 10mA. This 
feature maximizes battery life while a product is in sleep or 
standby modes. In addition, the LTC1148 and LTC1149 are 
synchronous switching regulators which achieve high efficiency 
conversion from 10mA to 10A. 

AN55 Techniques for 92% Efficient LCD llluminatio 

This publication details several LCD backlight circuits which 
feature 92% efficiency. Other benefits include low voltage opera- 
tion, synchronizing capability, higher output power for color 
displays, and extended dimming range. Extensive coverage of 
practical issues includes lay out problems, multi-lamp displays, 
safety and reliability concerns and efficiency and photometric 
measurements. Also included is a review of circuits which did not 
work along with appropriate commentary. 

AN56 “Better Than Bessel” Linear Phase Filters for 
Data Communications 

The pace of the world of digital communications is increasing at 
a tremendous rate. Each day the engineer is requested to compact 
more data in the same channel bandwidth with closer channel 
spacing. This application note discusses some of the require- 
ments and techniques for using the new LTC1 064/1 164 and 
LTC1 264-7 filters which were designed specifically for digital 
communications. The terms “channel bandwidth,” “eye diagrams” 
and “linear phase” filtering are discussed without the need for the 
“engineering speak” which permeates many textbook explana- 
tions of the same subjects. 

AN57 Video Circuit Collection 

AN57, the Video Circuit Collection, features a variety of video 
circuits designed at LTC. The LT1204 70MHz multiplexer is 
featured in a number of circuits which require excellent video 
isolation from channel to channel. High speed voltage and current 
feedback amplifiers are highlighted throughout the section on 
video processing circuits. There is a section on applying Current 
Feedback Amplifiers (CFAs) and a number of articles taken from 
the Linear Technology Magazine. 

AN58 5V to 3.3V Converters for Microprocessor Systems 

Many popular microprocessors operate from 3.3V supplies, yet 
they are used in systems where the predominate source of power 
is 5V. AN58 presents a collection of both linear and switching 
regulator solutions for conversion of 5V to 3.3V at currents 
ranging from 100mA to 20A. Applications information and a 
comparison of various bypass capacitor types is included. Most 
of the designs can be easily modified for other intermediate 
voltages such as 3.45V, 3.7 V, and 4.1V. 

AN59 Applications of the LT1300 and LT1301 Micropower DC/DC 
Converters 

This note covers operation and applications of the LT1300 and 
LT1301 high efficiency micropower step-up DC/DC converter ICs. 
Internal operation of the ICs is described in detail. A variety of 
applications are presented, ranging from straightforward 2- 
cell to 5 V converters and 5 V to 12V converters to exotic trans- 
ducer-based circuits such as flame detectors and CCFL drivers. 
Converters from both 2-cell and 4-cell inputs are included. Oper- 
ating hours at various load currents are presented and relative 
merits of different battery types are discussed. 
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Design Notes 

DESIGN NOTE 1 

New Data Acquisition Systems Communicate With Microprocessors Over 
Four Wires 

DESIGN NOTE 2 

Sampling Of Signals For Digital Filtering And Gate Measurements 

DESIGN NOTE 3 

Operational Amplifier Selection Guide For Optimum Noise Performance 

DESIGN NOTE 4 

New Developments In RS232 Interfaces 

DESIGN NOTE 5 

Temperature Measurement Using The LTC1 090/91/92 Series Of Data Acqui- 
sition Systems 

DESIGN NOTE 6 

Operational Amplifier Selection Guide For Optimum Noise Performance 

DESIGN NOTE 7 

DC Accurate Filter Eases PLL Design 

DESIGN NOTE 8 

Inductor Selection For LT1070 Switching Regulators 
DESIGN NOTE 9 

Chopper Amplifiers Complement a DC Accurate Lowpass Filter 

DESIGN NOTE 10 

Electrically Isolating Data Acquisition Systems 

DESIGN NOTE 11 

Achieving Microamp Quiescent Current In Switching Regulators 

DESIGN NOTE 12 

An LT1013 And LT1014 Op Amp SPICE MacroModel 

DESIGN NOTE 13 

Closed-Loop Control With The LTC1090 Series Of Data Acquisition Systems 

DESIGN NOTE 14 

Extending The Applications Of 5 V Powered RS232 Transceivers 

DESIGN NOTE 15 

Noise Calculations In Op Amp Circuits 

DESIGN NOTE 16 

Switched-Capacitor Lowpass Filters For Anti-Aliasing Applications 

DESIGN NOTE 17 

Programming Pulse Generators For Flash EPROMs 

DESIGN NOTE 18 

A Battery-Powered Laptop Computer Power Supply 

DESIGN NOTE 19 

A Two-Wire Isolated And Powered 10-Bit Data Acquisition System 

DESIGN NOTE 20 

Hex Level Shift Shrinks Board Space 

DESIGN NOTE 21 

Floating Input Extends Regulator Capabilities 

DESIGN NOTE 22 

New 12-Bit Data Acquisition Systems Communicate With Microprocessors 
Over Four Wires 

DESIGN NOTE 23 

Micropower, Single Supply Applications: 

(1) A Self-Biased, Buffered Reference 

(2) Megaohm Input Impedance Difference Amplifier 

DESIGN NOTE 24 

Complex Data Acquisition System Uses Few Components 

DESIGN NOTE 25 

A Single Amplifier, Precision High Voltage Instrument Amp 


DESIGN NOTE 26 

Auto-Zeroing A/D Offset Voltage 

DESIGN NOTE 27 

Design Considerations For RS232 Interfaces 

DESIGN NOTE 28 

A SPICE Op Amp Macromodel For The LT1012 

DESIGN NOTE 29 

A Single Supply RS232 Interface For Bipolar A/D Converters 

DESIGN NOTE 30 

RS232 Transceiver With Automatic Power Shutdown Control 

DESIGN NOTE 31 

Isolated Power Supplies For Local Area Networks 


DESIGN NOTE 32 

A Simple Ultra Low Dropout Regulator 

DESIGN NOTE 33 

Powering 3.3 V Digital Systems 

DESIGN NOTE 34 

Active Termination For SCSI-2 Bus 

DESIGN NOTE 35 

12-Bit 8-Channel Data Acquisition System Interface To IBM PC Serial Port 

DESIGN NOTE 36 

Ultra Low Noise Op Amp Combines Chopper And Bipolar Op Amps 

DESIGN NOTE 37 

High Dynamic Range Bandpass Filters For Communication 

DESIGN NOTE 38 

Applications For A New Micropower, Low Charge Injection Analog Switch 

DESIGN NOTE 39 

Low Power CMOS RS485 T ransceiver 

DESIGN NOTE 40 

Designing With A New Family Of Instrumentation Amplifiers 

DESIGN NOTE 41 

Switching Regulator Allows Alkalines To Replace NiCads 

DESIGN NOTE 42 

Chopper vs Bipolar Op Amps - An Unbiased Comparison 

DESIGN NOTE 43 

LT1056 Improved JFET Op Amp Macromodel Slews Asymmetrically 

DESIGN NOTE 44 

A Single Ultra Low Dropout Regulator 

DESIGN NOTE 45 

Signal Conditioning For Platinum Temperature Transducers 

DESIGN NOTE 46 

Current Feedback Amplifier “Do's and Don't's” 

DESIGN NOTE 47 

Switching Regulator Generates Both Positive and Negative Supply with a 
Single Inductor 


DESIGN NOTE 48 

No Design Switching Regulator 5V, 5A Buck (Step Down) Regulator 

DESIGN NOTE 49 

No Design Switching Regulator 5V Buck-Boost (Positive-to-Negative) 
Regulator 

DESIGN NOTE 50 

High Frequency Amplifier Evaluation Board 

DESIGN NOTE 51 

Gain Trimming in Instrumentation Amplifier Based Systems 
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DESIGN NOTE 52 

DC-DC Converters for Portable Computers 

DESIGN NOTE 53 

High Performance Frequency Compensation Gives DC-to-DC Converter 75pis 
Response With High Stability 

DESIGN NOTE 54 

A 4-Cell Ni-Cad Regulator/Charger for Notebook Computers 

DESIGN NOTE 55 

New Low Cost Differential Input Video Amplifiers Simplify Designs and 
Improve Performance 

DESIGN NOTE 56 

3 V Operation of Linear Technology Op Amps 

DESIGN NOTE 57 

Video Circuits Collection 

DESIGN NOTE 58 

A Simple, Surface Mount Flash Memory Vpp Generator 

DESIGN NOTE 59 

5V High Current Step-Down Switchers 

DESIGN NOTE 60 

The LTC1 096 and 1 097: Micropower, SO-8, 8-Bit A/Ds Sample at 1 kHz on 3pA 
of Supply Current 

DESIGN NOTE 61 

Peak Detectors Gain in Speed and Performance 

DESIGN NOTE 62 

No Design Offline Power Supply 

DESIGN NOTE 63 

2 AA Cells Replace 9 V Battery, Extend Operating Life 

DESIGN NOTE 64 

RS232 Transceivers for Hand-Held Computers Withstand lOkV ESD 

DESIGN NOTE 65 

Send Color Video 1000 Feet Over Low Cost Twisted-Pair 


DESIGN NOTE 66 

New 5V and 3 V, 1 2-Bit ADCs Sample at 300kHz on 75mW 
and 140kHz on12mW 

DESIGN NOTE 67 

A ImV Offset, Clock-Tunable, Monolithic 5-Pole Lowpass Filter 

DESIGN NOTE 68 

New Synchronous Stepdown Switchig Regulators Achieve 95% Efficiency 

DESIGN NOTE 69 

Low Parts Count DC/DC Converter Circuit with 3.3V and 5 V Outputs 

DESIGN NOTE 70 

A Broadband Random Noise Generator 

DESIGN NOTE 71 

Regulator Circuit Generates Both 3.3 V and 5 V Outputs from 3.3V or 5V to Run 
Computers and RS232 

DESIGN NOTE 72 

Single LTC1149 Delivers 3.3V and 5V at 17W 

DESIGN NOTE 73 

A Simple High Efficiency, Step-Down Switching Regulator 

DESIGN NOTE 74 

Techniques for Deriving 3.3V from 5V Supplies 

DESIGN NOTE 75 

RS232 Interface Circuits for 3.3V Systems 

DESIGN NOTE 76 

PC Card Power Management Techniques 

DESIGN NOTE 77 

Single LTC1149 Provides 3.3V and 5V in surface Mount 

DESIGN NOTE 78 

Triple Output 3.3V, 5V, and 12V High Efficiency Notebook Power Supply 

DESIGN NOTE 79 

Single 4-Input 1C Gives Over 90dB Crosstalk Rejection at 10MHz and is 
Expandable 

DESIGN NOTE 80 

ESD Testing for RS232 Interface Circuits 


Applications on Disk 

NOISE DISK 

This IBM-PC (or compatible) program allows the user to calculate circuit 
noise using LTC op amps, determine the best LTC op amp for a low noise 
application, display the noise data for LTC op amps, calculate resistor 
noise, and calculate noise using specs for any op amp. 

SPICE MACROMODEL DISK 

This IBM-PC (or compatible) high density diskette contains the library of 
LTC op amp SPICE macromodels. The models can be used with any 
version of SPICE for general analog circuit simulations. The diskette also 
contains working circuit examples using the models, and a demonstration 
copy of PSPICE™ by MicroSim. 

FILTERCAD DISK 

FilterCAD is a menu-driven filter design aid program which runs on IBM- 
PCs (or compatibles). This collection of design tools will assist in the 
selection, design, and implementation of the rightswitched capacitorfilter 
circuit for the application at hand. Standard classical filter responses 
(Butterworth, Cauer, Chebyshev, etc.) are available, along with a CUSTOM 
mode for more esoteric filter responses. SAVE and LOAD utilities are used 
to allow quick performance comparisons of competing design solutions. 
GRAPH mode, with a ZOOM function, shows overall or fine detail filter 
response. Optimization routines adapt filter designs for best noise perfor- 
mance or lowest distortion. A design time clock even helps keep track of 
on-line hours. 


SWITCHERCAD DISK 

SwitcherCAD is a powerful design tool that significantly eases the task of 
selecting topologies, calculating operating points, and specifying com- 
ponent values and part numbers for DC/DC converters. It can cut days off 
of the design cycle by eliminating the process of wading through multiple 
data sheets, application notes, and magazine “cookbook” articles searching 
foranswers in afield where the user may have little familiarity. SwitcherCad 
runs on IBM-PCs and compatibles. Please see the next page for ordering 
information. 
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Technical Publications 



1990 Linear Databook — This 
1 ,440 page collection of data 
sheets covers op amps, volt- 
age regulators, references, 
comparators, filters, PWMs, 
data conversion and interface 
products (bipolar and CMOS), 
in both commercial and military 
grades. The catalog features 
well over 300 devices. 

$10.00 



1992 Linear Databook 
Supplement — This 1248 page 
supplement to the 1990 Linear 
Databook is a collection of all 
products introduced since then. 
The catalog contains full data 
sheets for over 140 devices. 
The 1 992 Linear Databook 
Supplement is a companion to 
the 1990 Linear Databook, 
which should not be discarded. 
$10.00 


$10.00 


$ 10.00 



$20.00 


1990 Linear Applications 
Handbook Volume 1 — 

928 pages full of application 
ideas covered in depth by 40 
Application Notes and 33 De- 
sign Notes. This catalog covers 
a broad range of “real world” lin- 
ear circuitry. In addition to de- 
tailed, systems-oriented circuits, 
this handbook contains broad 
tutorial content together with lib- 
eral use of schematics and 
scope photography. A special 
feature in this edition includes a 
22-page section on SPICE 
macromodels. $20.00 


$20.00 


1993 Linear Applications 
Handbook Volume II— 

Continues the stream of “real 
world” linear circuitry initiated by 
the 1990 Handbook. Similar in 
scope to the 1990 edition, the 
new book covers Application 
Notes 40 through 54 and Design 
Notes 33 through 69. Addition- 
ally, references and articles 
from non-LTC publications that 
we have found useful are also 
included. $20.00 




$40.00 


Monolithic Filter Handbook — 

This 234 page book comes with 
a disk which runs on PCs. 
Together, the book and disk 
assist in the selection, design 
and implementation of the right 
switched capacitor filter circuit. 
The disk contains standard filter 
responses as well as a custom 
mode. The handbook contains 
over 20 data sheets, Design 
Notes and Application Notes. 
$40.00 



$20.00 


SwitcherCAD Handbook— 

This 144 page manual, 
including disk, guides the user 
through SwitcherCAD - a 
powerful PC software tool 
which aids in the design and 
optimization of switching 
regulators. The program can 
cut days off the design cycle by 
selecting topologies, calculating 
operating points and specifying 
component values and 
manufacturer's part numbers. 
$20.00 



Interface Product Handbook— 

This 312 page handbook features 
LTC’s complete line of line driver 
and receiver products for RS232, 
RS485, RS423, RS422 and 
AppleTalk® applications. Linear’s 
particular expertise in this area 
involves low power consumption, 
high numbers of drivers and 
receivers in one package, mixed 
RS232 and RS485 devices, lOkV 
ESD protection of RS232 devices 
and surface mount packages. 

AppleTalk is a registered trademark of 
Apple Computer, Inc. 





Power Solutions Brochure — 

A 52 page collection of circuits 
containing real-life solutions for 
common power supply design 
problems. There are over 45 
circuits, including descriptions, 
graphs and performance 
specifications. Topics covered 
include micropower DC/DC, 
step-up and step-down switching 
regulators, off-line switching 
regulators, linear regulators, 
switched capacitor conversion 
and power management. 


To Order These Publications 
Call Toll Free 1 -800-4-LINE AR 
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